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ISO/IEC 13818-2:

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electro
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
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TU-T. The identical text is published as ITU-T Rec. H.262 (2012).

stablished by the respecltive organization to deal with particular fields of technical aclivity. 15O
echnical committees collaborate in fields of mutual interest. Other international organizations, gove
nd non-governmental, in liaison with ISO and IEC, also take part in the work. In the field\of inf
bchnology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part
he main task of the joint technical committee is to prepare International Standards. Draft Intg
tandards adopted by the joint technical committee are circulated to national bodies for voting. Publi
n International Standard requires approval by at least 75 % of the national bedies casting a vote.

ttention is drawn to the possibility that some of the elements of this document may be the subject
ghts. ISO and IEC shall not be held responsible for identifying any orall such patent rights.

BO/IEC 13818-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information ted

ubcommittee SC 29, Coding of audio, picture, multimedia_and hypermedia information, in collabora

his third edition cancels and replaces the second edition (ISO/IEC 13818-2:2000), which h
echnically revised. It also incorporates the Amendments ISO/IEC 13818-2:2000/Amd.1:2001, ISO/IE
:2000/Amd.2:2007 and ISO/IEC 13818-2:2000/Amd.3:2010, and the Technical Corrigenda ISO/IE
:2000/Cor.1:2002 and ISO/IEC 13818-2:2000/Cor.2:2007.

BO/IEC 13818 consists of the following-parts, under the general title Information technology —
oding of moving pictures and assogiated audio information:

— Part 1: Systems

—  Part 2: Video

— Part 3: Audio

— Part 4: Conformance testing
—  Part 6: Software simulation

—_Part 6: Extensions for DSM-CC
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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)

— Part 11: IPMP on MPEG-2 systems
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I ntroduction

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
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pplications of this Specification cover, but are not limited to, such areas as listed below:
BSS Broadcasting Satellite Service (to the home)

CATV Cable TV Distribution on optical networks, copper, etc.

CDAD Cable Digital Audio Distribution

DSB Digital Sound Broadcasting (terrestrial and satellite broadcasting)
DTTB Digital Terrestrial Television Broadcasting

EC Electronic Cinema

ENG Electronic News Gathering (including SNG, Satellite News Gathering)
FSS Fixed Satellite Service (e.g. to head ends)

HTT Home Television Theatre

IPC Interpersonal Communications (videoconferencing, videophone, etc.)
ISM Interactive Storage Media (optical disks, etc.)

MMM  Multimedia Mailing

NCA News and Current Affairs

NDB Networked Database Services (via ATV etc.)

RVS Remote Video Surveillance

SSM Serial Storage Media (digital VAR, etc.)

. 3 Profilesand levels

Specification is intended to be gefteric in the sense that it serves a wide range of applications, bit rates, resolu
ies and services. Applications should cover, among other things, digital storage media, television broadcastinl
hunications. In the course of creating this Specification, various requirements from typical applications have
dered, necessary algorithmic elements have been developed, and they have been integrated into a single sy
e, this Specification willfacilitate the bitstream interchange among different applications.

dering the practiCality of implementing the full syntax of this Specification, however, a limited number of st
syntax are also*stipulated by means of "profile" and "level". These and other related terms are formally defi
e 3.

rofile".is.a" defined subset of the entire bitstream syntax that is defined by this Specification. Within the b
sed-by(the syntax of a given profile it is still possible to require a very large variation in the performan
lers)and decoders depending upon the values taken by parameters in the bitstream. For instance, it is possi
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specify frame sizes as large as (approximately) 24 samples wide by 2! 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.

vi
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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

imag./ qual;t)’ ut th\a b;t lﬂt\ab Uf ;lltblbbt duxucujdo V\/l)’ 11;5}1 bUlll}}l\/DD;Ull, VVhi\/h ;D llUt (L\/h;\/‘/ubl\/ VV;tll ;utxu lJ.Cture
codirlg alone. The need for random access, however, is best satisfied with pure intra picture coding. The choice)pf the
technfiques is based on the need to balance a high image quality and compression ratio with the requiremént to make
randdm access to the coded bitstream.

A nymber of techniques are used to achieve high compression. The algorithm first uses blpck-based njotion
comgplensation to reduce the temporal redundancy. Motion compensation is used both for causal prediction of the cfirrent
pictufe from a previous picture, and for non-causal, interpolative prediction from past and futurg‘pictures. Motion v¢ctors
are defined for each 16-sample by 16-line region of the picture. The prediction error, is further compressed usirlg the
Discrete Cosine Transform (DCT) to remove spatial correlation before it is quantized/in-an irreversible procesp that
discafds the less important information. Finally, the motion vectors are combined with\the" quantized DCT informption,
and encoded using variable length codes.

Intrg. 4.1.1 Temporal processing

Becapise of the conflicting requirements of random access and highly effiei¢ht compression, three main picture typgs are
definpd. Intra-coded pictures (I-pictures) are coded without reference to other pictures. They provide access points fo the
coded sequence where decoding can begin, but are coded with only miederate compression. Predictive coded picturgs (P-
pictufes) are coded more efficiently using motion compensated pfediction from a past intra or predictive coded pjcture
and gre generally used as a reference for further prediction.ZBidirectionally-predictive coded pictures (B-picfures)
provide the highest degree of compression but require both past and future reference pictures for motion compensption.
Bidirpctionally-predictive coded pictures are never used as'references for prediction (except in the case that the resfilting
pictufe is used as a reference in a spatially scalable enhafcement layer). The organization of the three picture typep in a
sequgnce is very flexible. The choice is left to the encoder and will depend on the requirements of the application. Higure
Intro] 1 illustrates an example of the relationship ameng the three different picture types.

Bidireclional interpolation

Prediction H.262(12)_Fintro1

Figurelntro.1 — Example of temporal picture structure

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.

Rec. ITU-T H.262 (02/2012) vii
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Intro. 4.1.3 Motion representation — Macroblocks

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

It is the responsibility of the encoder to calculate appropriate motion vectors. This Specification does not specify how
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.4.1.4 Spatial redundancy reduction

source pictures and prediction errors have high spatial redundancy. This Specification uses a block“based
bd with visually weighted quantization and run-length coding. After motion compensated ~predictid
olation, the resulting prediction error is split into 8 by 8 blocks. These are transformed into the DCT domain Y
are weighted before being quantized. After quantization many of the DCT coefficients dre Zero in value a
imensional run-length and variable length coding is used to encode the remaining DCT coefficients efficiently,

.4.1.5 Chrominance formats

dition to the 4:2:0 format supported in ISO/IEC 11172-2 this Specification supports 4:2:2 and 4:4:4 chromi
its.

.4.2 Scalable extensions

calability tools in this Specification are designed to support applications beyond that supported by single
. Among the noteworthy applications areas addressed are video telecommunications, video on Asynchr
fer Mode (ATM) networks, interworking of video standatrds, video service hierarchies with multiple s
bral and quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal reso
V, etc. Although a simple solution to scalable ,video is the simulcast technique which is base
mission/storage of multiple independently coded reproductions of video, a more efficient alternative is sc
coding, in which the bandwidth allocated to a given reproduction of video can be partially re-utilized in cod
pxt reproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoders of v3
lexities can decode and display appropriate reproductions of coded video. A scalable video encoder is likely td
hsed complexity when compared to a single layer encoder. However, this Recommendation | International Sta|
des several different forms of scalabilities that address non-overlapping applications with correspo
lexities. The basic scalability tools offered are:

—  data partitioning;
—  SNR scalability;
—  spatial scalability; and

—  temporal scalability.

over, combinations of these basic scalability tools are also supported and are referred to as hybrid scalability.
bf basic sealability, two layers of video referred to as the lower layer and the enhancement layer are all
pas in hybrid scalability up to three layers are supported. Tables Intro. 1 to Intro. 3 provide a few ex3
cation§ of various scalabilities.
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Tablelntro 1 _Aplr_\lihnfinnc of SNR Qr\nlahilify

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

lower layer

4:2:0 high definition 4:2:2 chroma simulcast Video production / distribution
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TableIntro. 2— Applications of spatial scalability

Base Enhancement Application

Progressive (30 Hz) Progressive (30 Hz) Compeatibility or scalability CIF/SCIF

Interlace (30 Hz) Interlace (30 Hz) HDTV/SDTV scalability
Progressive (30 Hz) Interlace (30 Hz) ISO/IEC 11172-2/compatibility with this Specification
Interlace (30 Hz) Progressive (60 Hz) Migration to high resolution progressive HDTV

Tablelntro. 3—Applications of tempor al scalability

Intrg
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SNR
multi
layer:

diffefent video qualities from a single video source such that the lower layer is coded by itself to provide the basic
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Intrg

Base Enhancement Higher Application
Progressive (30 Hz) Progressive (30 Hz) Progressive (60 Hz) Migration to high resolution progressive
HDTV
Interlace (30 Hz) Interlace (30 Hz) Progressive (60 Hz) Migration to high resolution, progressive
HDTV

.4.2.1 Spatial scalable extension

h1 scalability is a tool intended for use in video applications involving telecommunications, interworking of
ards, video database browsing, interworking of HDTV and TV, etc., i.e. ¥ideo systems with the primary cor
e that a minimum of two layers of spatial resolution are necessary¢ Spatial scalability involves generating
1 resolution video layers from a single video source such that the lower*layer is coded by itself to provide the
I resolution and the enhancement layer employs the spatially interpolated lower layer and carries the full s
ition of the input video source. The lower and the enhancement\layers may either both use the coding tools i

case achieves a further advantage by facilitating interworkihg between video coding standards. Moreover, s
bility offers flexibility in choice of video formats to be employed in each layer. An additional advantage of s
bility is its ability to provide resilience to transmission errors as the more important data of the lower layer ¢
ver channel with better error performance, while-fhie less critical enhancement layer data can be sent over a ch
poor error performance.

.4.2.2 SNR scalable extension

scalability is a tool intended for use~in video applications involving telecommunications, video services
ple qualities, standard TV and HDTV, i.e. video systems with the primary common feature that a minimum o
of video quality are necessany.'SNR scalability involves generating two video layers of same spatial resolutid

y and the enhancement (ayer is coded to enhance the lower layer. The enhancement layer when added back
layer regenerates a.higher quality reproduction of the input video. The lower and the enhancement layers
use this Specification or ISO/IEC 11172-2 Standard for the lower layer and this Specification for the enhancs
An additional.adyantage of SNR scalability is its ability to provide high degree of resilience to transmission

e more important data of the lower layer can be sent over channel with better error performance, while th

h1 enhancement layer data can be sent over a channel with poor error performance.

. 4.2.37~Temporal scalable extension

oral scalability is a tool intended for use in a range of diverse video applications from telecommunic

fication, or the ISO/IEC 11172-2 Standard for the lower layer‘and this Specification for the enhancement layer.
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to HDTV for which migration to higher temporal resolution systems from that of lower temporal resolution systems may
be necessary. In many cases, the lower temporal resolution video systems may be either the existing systems or the less
expensive early generation systems, with the motivation of introducing more sophisticated systems gradually. Temporal
scalability involves partitioning of video frames into layers, whereas the lower layer is coded by itself to provide the
basic temporal rate and the enhancement layer is coded with temporal prediction with respect to the lower layer, these
layers when decoded and temporal multiplexed to yield full temporal resolution of the video source. The lower temporal
resolution systems may only decode the lower layer to provide basic temporal resolution, whereas more sophisticated
systems of the future may decode both layers and provide high temporal resolution video while maintaining interworking
with earlier generation systems. An additional advantage of temporal scalability is its ability to provide resilience to
transmission errors as the more important data of the lower layer can be sent over channel with better error performance,
while the less critical enhancement layer can be sent over a channel with poor error performance.
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Intro. 4.2.4 Data partitioning extension

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

X Rec. ITU-T H.262 (02/2012)
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|SO/IEC 13818-2:2013 (E)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

I nfor mation technology — Generic coding of moving
pictures and associated audio information: Video

1 Scope

This Recommendation | Internation adard specifies the coded representation of picture information fo

ternational Standard specifiesthe coded representat of picture ormation—for digital
storage media and digital video communication and specifies the decoding process. The representation supports‘cenpstant
bit rgte transmission, variable bit rate transmission, random access, channel hopping, scalable decodingy, bitsfream
editinjg, as well as special functions such as fast forward playback, fast reverse playback, slow motion, pause angl still
pictures. This Recommendation | International Standard is forward compatible with ISO/IEC 11172-2 and upwdrd or
dowrward compatible with EDTV, HDTV, SDTV formats.

This [Recommendation | International Standard is primarily applicable to digital storage mediay-video broadcast and
comrpunication. The storage media may be directly connected to the decoder, or via communications means such as
bussgs, LANS, or telecommunications links.

2 Normative refer ences

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

— 1EC 60461 (1986), Time and control codefor video tape recorders.

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

— ISO/IEC 23002-1:2006, Information technology — MPEG video technologies — Part 1: Acciracy
requirements for implementation of integer-output 8x8 inver se discrete cosine transform.

—  Recommendation ITU-RIBT.470-6 (1998), Conventional television systems.

—  Recommendation JTU-R BT.601-7 (2011), Studio encoding parameters of digital television for stapdard
4:3 and wide screen’16:9 aspect ratios.

—  Recommendation ITU-T H.320 (2004), Narrow-band visual telephone systems and terminal equipment.

3 Definitions

For the purpeses*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 bitg-pteture—A—coded picturethat woutdcause- VB V-buffer umderflowasdefimedim €7 BigpicturesTar 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.
35 B-picture; bidirectionally predictive-coded picture: A picture that is coded using motion compensated

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

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

Rec. ITU-T H.262 (02/2012) 1
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37 backward motion vector: A motion vector that is used for motion compensation from a reference frame or
reference field at a later time in display order.

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

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

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

311 bit rate: The rate at which the coded bitstream is delivered from the storage medium to the input of a decoder.
312 block: An 8-row by 8-column matrix of samples, or 64 DCT coefficients (source, quantized or de-quantized).
3.13 bottom field: One of two fields that comprise a frame. Each line of a bottom field is spatially located
immediately below the corresponding line of the top field.

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

3.15 byte: Sequence of 8 bits.

3.16 channel: A digital medium that stores or transports a bitstream constructed according to'Rec. ITU-T H
ISO/IEC 13818-2.

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

3.18 chroma simulcast: A type of scalability (which is a subset of SNR scalability)wiiere the enhancement la
contdin only coded refinement data for the DC coefficients, and all the data for the AC)coefficients, of the chromi
components.

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

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

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

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

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

3.24 coded picture: A coded picture is made of a picture header, the optional extensions immediately follow
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 Rec.

T H.362 | ISO/IEC 13818-2.

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

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

3.28 coding parameters: The set of user-definable parameters that characterize a coded video bitstream. Bitsti
are characterized-by coding parameters. Decoders are characterized by the bitstreams that they are capable of decod;
3.29 component: A matrix, block or single sample from one of the three matrices (luminance and two chromin|
that rhakéwup a picture.

3-30 Ccmprm.sn. Ruduvt;uu ;ll th\/ llulllbbl Uf b;tb UD\zd tU 1\/}}1 \/Dk/llt alr ;t\alll Uf data.

3.31 constant bit rate coded video: A coded video bitstream with a constant bit rate.

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

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

3.34 data partitioning: A method for dividing a bitstream into two separate bitstreams for error resilience purposes.
The two bitstreams have to be recombined before decoding.

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

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

3.37 DCT coefficient: The amplitude of a specific cosine basis function.
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3.38 decoder input buffer: The First-In First-Out (FIFO) buffer specified in the video buffering verifier.
3.39 decoder: An embodiment of a decoding process.

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

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

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

343 discrete cosine transform (DCT): Either the forward discrete cosine transform or the inverse discrete
cosine transform. The DCT is an invertible, discrete orthogonal transformation. The inverse DCT is defined in Annex A

of RegeH T H2621SOAEC13818-2-

3.44 display aspect ratio: The ratio of height divided by width (in spatial measurement units such as cehtimgtres)
of th¢ intended display.

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

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

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

348 editing: The process by which one or more coded bitstreams ~are manipulated to produce a
new ¢oded bitstream. Conforming edited bitstreams must meet the requirements defined in Rec. ITU-T H.p62 |
ISO/IEC 13818-2.

3.49 encoder: An embodiment of an encoding process.

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

351 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
additjonal decoding process for the enhancement layer itgelf.

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

3.53 fast reverse playback: The progessof displaying the picture sequence in the reverse of display order ffaster
than feal-time.

354 field: For an interlaced yideo signal, a "field" is the assembly of alternate lines of a frame. Therefore an
interlpced 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 plock
size ip 16 X 16 luminance-samples.

3.56 field periodsThe reciprocal of twice the frame rate.

357 field picture; field structure picture: A field structure picture is a coded picture with picture structpre 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 forhiddan: Tha tarm "o dda " whan oad 10 tha ~lovicac dafining tha cadad batotrony s dinatac thot tho Value
. Horora e HattHe

THO O T TOTOTOOCTT— Vv T oS T0TI ot C-Crau SOOI St C-COoOCCOOoTrtotr oo marcatostat

shall never be used. This is usually to avoid emulation of start codes.

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

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

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

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

3.65 frame-based prediction: A prediction mode using both fields of the reference frame.
3.66 frame period: The reciprocal of the frame rate.

3.67 frame picture; frame structure picture: A frame structure picture is a coded picture with picture_structure is
equal to "Frame".

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

3.69

! G =1 a)b e HS at a
later fime than the current picture in display order.

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

371 group of pictures: A notion defined only in ISO/IEC 11172-2 (MPEG-1 Video). AniRec. ITU-T H262 |
ISO/IEC 13818-2, a similar functionality can be achieved by means of inserting group of pictures headers.

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

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

3.74 interlace: The property of conventional television frames where @lternating lines of the frame reptesent
diffe}ent instances in time. In an interlaced frame, one of the fields is meantdo be displayed first. This field is callgd the
first field. The first field can be the top field or the bottom field of the framie:

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

3.76 |-frame picture: A frame structure I-picture.

3.77 |-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 pictulre.

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

3.79 level: A defined set of constraints én'the values which may be taken by the parameters of Rec. ITU-T H|262 |
ISO/IEC 13818-2 within a particular profile. A profile may contain one or more levels. In a different context, level [is the
absolute value of a non-zero coefficient\(see "run").

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

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

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

3.83 luminance component: A matrix, block or single sample representing a monochrome representation ¢f the
signa] and rélated to the primary colours in the manner defined in the bitstream. The symbol used for luminance is Y.

3.84 Mbit: 1000000 bits

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

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

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

4 Rec. ITU-T H.262 (02/2012)


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

|SO/IEC 13818-2:2013 (E)

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

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

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

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

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

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

3.96 past reference frame (field): A past reference frame (field) is a reference frame (field) that@ccurs at an garlier
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
rectapigular matrices of 8-bit numbers representing the luminance and two chrominance Sighals. A "coded pictufe" is
definpd in 3.21 of Rec. ITU-T H.262 | ISO/IEC 13818-2. For progressive video, a picturéAs identical to a frame, while
for irjterlaced video, a picture can refer to a frame, or the top field or the bottom field of the frame depending gn the
context.

3.98 picture data: In the VBV operations, picture data is defined as 4l) ‘the bits of the coded picture, afl the
headg¢r(s) and user data immediately preceding it if any (including any-stuffing between them) and all the styffing
folloying it, up to (but not including) the next start code, except in the.case where the next start code is an epd of
sequgnce 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 peing
decodled.

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

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

NPTE - In Rec. ITU-T H.262 | ISO/IEC 13818-2, the word "profile" is used as defined above. It should not be confusedl with
other definitions of "profile" and in particular it does not have the meaning that is defined by ISO/IEC JTC1 Special Grqup on
Fynctional Standardization.

3.103 progressive: The property of film frames where all the samples of the frame represent the same instang¢es in
time.

3.104 quantization matrix-A set of sixty-four 8-bit values used by the dequantizer.

3.109 quantized DCT)coefficients: DCT coefficients before dequantization. A variable length coded represenfation
of qupntized DCT ceefficients is transmitted as part of the coded video bitstream.

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

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

3.108 reconstructed—frame—ATeconstructed—frame—conststs—of —three—Tectangutar mmatrices—of—8=bit—umbers
representing the luminance and two chrominance signals. A reconstructed frame is obtained by decoding a coded frame.

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

3.110 referencefield: A reference field is one field of a reconstructed frame. Reference fields are used for forward
and backward prediction when P-pictures and B-pictures are decoded. Note that when field P-pictures are decoded,
prediction of the second field P-picture of a coded frame uses the first reconstructed field of the same coded frame as a
reference field.
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3111 reference frame: A reference frame is a reconstructed frame that was coded in the form of a coded I-frame or
a coded P-frame. Reference frames are used for forward and backward prediction when P-pictures and B-pictures are
decoded.

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

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

3114  sample aspect ratio (SAR): This specifies the relative distance between samples. It is defined (for the
purposes of Rec. ITU-T H.262 | ISO/IEC 13818-2), as the vertical displacement of the lines of luminance samples in a
frame divided by the horizontal displacement of the luminance samples. Thus, its units are (metres per line) + (metres per
sample).

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

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

3.111 sideinformation: Information in the bitstream necessary for controlling the decoder.

3.114 16 x 8 prediction: A prediction mode similar to field-based prediction but whére the predicted block sjize is
16 X B luminance samples.

3.119 run: The number of zero coefficients preceding a non-zero coefficients itnthe scan order. The absolute vajue of
the npn-zero coefficient is called "level".

3.12( saturation: Limiting a value that exceeds a defined range by sétting its value to the maximum or minimgm of
the rgnge as appropriate.

3.121 skipped macroblock: A macroblock for which no data istencoded.
3.129 dlice: A consecutive series of macroblocks which are(@ll'located in the same horizontal row of macroblocks.

3123  SNR scalability: A type of scalability where the-enhancement layer(s) contain only coded refinement dalta for
the DICT coefficients of the lower layer.

3.124 source; input: Term used to describe the'wideo material or some of its attributes before encoding.

3.124 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 sampl¢ data
derivpd from a lower layer without using motion vectors. The layers can have different frame sizes, frame rafes or
chrothinance formats.

3.127 start codes (systém,and video): 32-bit codes embedded in that coded bitstream that are unique. They arq used
for sqveral purposes incliding identifying some of the structures in the coding syntax.

3.129 stuffing (bits); stuffing (bytes): Code-words that may be inserted into the coded bitstream that are discarded in
the dpcoding process. Their purpose is to increase the bit rate of the stream which would otherwise be lower thgn the
desirgd bit rate.

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

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

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

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

3.134  variablelength coding (VLC): A reversible procedure for coding that assigns shorter code-words to frequent
events and longer code-words to less frequent events.
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3.135  video buffering verifier (VBV): A hypothetical decoder that is conceptually connected to the output of the
encoder. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing process may
produce.

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

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

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

3.139  xxx profile bitstream: A bitstream of a scalable hierarchy with a profile indication corresponding to xxx. Note
that tis bitstream 1s only decodable together with all 1ts lower layer bitsireams (unless It 1s a base layer bitstream),

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

4 Abbreviations and symbols

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

4.1 Arithmetic operators

+ Addition

- Subtraction (as a binary operator) or negation (as a ¥nary operator)
++ Increment, i.e. X++ is equivalent to x =x + 1

— Decrement, i.e. X—— is equivalent to x = x — |

X
. } Multiplication

A Power

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

// Integer division with rounding to the nearest integer. Half-integer values are rounded away fron) 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 rognded
to 1, and -A3DIV 2 is rounded to —2.

= Used te_ denote division in mathematical equations where no truncation or rounding is intended.

% Modults operator. Defined only for positive numbers.
I x>0

Sign() Sign(x)=:0 x=—=
-1 x<0

Abs() Abs(x)=) X x>=0
-x x<0
i<b
Z f (i) The summation of the f (i) with i taking integral values from a up to, but not including b.
i=a
Floor() the largest integer less than or equal to the argument.
Round() Sign( x) * Floor( Abs(x )+ 0.5), for an argument x.
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4.2

4.3

Logical operators

I Logical OR
&& Logical AND
! Logical NOT

Relational operators
> Greater than
>= Greater than or equal to

< Less than

4.4

4.5

4.6

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

In thg
that
is de

<= Less than or equal to

== Equal to

1= Not equal to

max [,...,] The maximum value in the argument list

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

Bitwise operators

& AND

| OR

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

Assignment

=  Assignment operator

M nemonics

bslbf  Bit string, left bit first, whete-"left" is the order in which bit strings are written in this Specific
Bit strings are generally.written as a string of 1s and Os within single quote marks, e.g. '1000
Blanks within a bit string are for ease of reading and have no significance. For convenience,
strings are occasignally written in hexadecimal, in this case, conversion to a binary i
conventional mannper will yield the value of the bit string. Thus, the left most hexadecimal d
first and in each hexadecimal digit the most significant of the four bits is first.

uimsbf Unsigned(infeger, most significant bit first.
smsbf  Signedinteger, in two's complement format, most significant (sign) bit first.

viclbf  Vaciable length code, left bit first, where "left" refers to the order in which the VLC codd
written. The byte order of multibyte words is the most significant byte first.

clauses ‘describing the syntax, any syntactic element that can only take positive or unsigned values (such as
an be‘equal to 0 or 1) is described with the mnemonic 'uimsbf'. If the syntactic element can have a negative va
kcribed with the mnemonic 'simsbf'. If the syntactic element has a constant value (e.g. marker bit) then

ation.
001"
large
h the
git is

S are

h flag
ue, it
it is

descr

bed with the mnemonic 'bslbf'. If the syntactic element represents a variable-length code, it is described wi

h the

mnemonic 'viclbf'.

4.7

Constants
©  3.141 592 653 58...
e 2.71828182845...
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5 Conventions

51 Method of describing bitstream syntax

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

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

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

¥

do
data_element The data element always occurs at least once.

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

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

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

¥

for{i=m;i<n;i++) { The group of data elements\0ccurs (m — n) times. Conditional
data_element constructs within the group of data elements may depend on the
e value of the loop contrel variable i, which is set to zero for the

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

/* cpmment ... ¥/ Explanatory cemiment that may be deleted entirely without in [any

way altering tlie’syntax.

This pyntax 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 sufh cases the literal stringi§ 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".

As npted, the group efdata elements may contain nested conditional constructs. For compactness, the {} are orpitted
when| only one data‘elerment follows:

data|element.[n] data_element [n] is the (n + 1)-th element of an array of data.

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

datalelement [I][m][n] data element [1][m][n] is the 0 + 1, m + 1, n + 1)-th element of a three-dimensionallarray
of data.

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

52 Definition of functions

Several utility functions for picture coding algorithm are defined as follows.
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521

Definition of bytealigned() function

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

522

Definition of nextbits() function

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

5.2.3

Definition of next_start_code() function

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

nex|

1 Ak e i -
-~ SldIl_COUT) INO. OI' OIS IVITICTITOIIICT

while ( !bytealigned() )

zero_bit 1 '0'

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

zero_byte 8 '0000 0000’
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function checks whether the current position is byte aligned. If it is not, zero stuffing bits are present. After tha
er of zero stuffing bytes may be present before the start code. Therefore,,start’codes are always byte aligne
be preceded by any number of zero stuffing bits.

Reserved, forbidden and marker _bit
brms "reserved" and "forbidden" are used in the description of some values of several fields in the coded bitstrg
erm "reserved" indicates that the value may be used in thefuture for ITU-T | ISO/IEC defined extensions.

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

erm "marker bit" indicates a one bit integer in which the value zero is forbidden (and it therefore shall hay
'1"). These marker bits are introduced at severdl points in the syntax to avoid start code emulation.

Arithmetic precision
der to reduce discrepancies between implementations of this Specification, the following rules for arith)
tions are specified:

a) Where an arithmetically-precise result is not fully specified, such as in the calculation of the IDC]
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
excluded ifthe 'less than' (<) and 'greater than' (>) characters are used. For example, [a : b > means fi
to b,4neluding a but excluding b.

\iideo bitstream syntax and semantics

t any
d and

e the
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6.1

Structure of coded video data

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

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

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

10
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See Rec. ITU-T H.222.0 | ISO/IEC 13818-1 [6] for a description of the way layers may be multiplexed together.

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

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

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

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

611 Viu'uu SCYUCTTILT

The Righest syntactic structure of the coded video bitstream is the video sequence.
A video sequence commences with a sequence header which may optionally be followed by a group of-pictures header
and then by one or more coded frames. The order of the coded frames in the coded bitstream is thecordet in whigh the
decodler processes them, but not necessarily in the correct order for display. The video sequencenis’ terminated| by a
sequgnce end code. At various points in the video sequence, a particular coded frame may be‘preceded by either a
repeat sequence header or a group of pictures header or both. (In the case that both a repeat sequence header and a group

of pi¢tures header immediately precede a particular picture, the group of pictures header shall follow the repeat seqpience
headgr.)

6.1.1{1 Progressiveand interlaced sequences
This Ppecification deals with coding of both progressive and interlaced sequences:

The putput of the decoding process, for interlaced sequences, consistsof a series of reconstructed fields that are
separpted in time by a field period. The two fields of a frame may be coded separately (field-pictures). Alternatively the
two fliclds may be coded together as a frame (frame pictures). Bothframe pictures and field pictures may be used in a
singl¢ video sequence.

In prpgressive sequences each picture in the sequence shall\be a frame picture. The sequence, at the output ¢f the
decodling process, consists of a series of reconstructed frames that are separated in time by a frame period.

6.1.1)2 Frame

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

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

6.1.1f3 Field
A fie|d consists of everycother line of samples in the three rectangular matrices of integers representing a frame.

A frame is the unionofa top field and a bottom field. The top field is the field that contains the top-most line of eqch of
the three matrices)\Tle bottom field is the other one.

6.1.1}4 Picture

A cofled picture is made of a picture header, the optional extensions immediately following it and the following pjcture

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

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

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

Rec. ITU-T H.262 (02/2012) 11
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6.1.1.4.1 Field pictures

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

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

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

6.1.1.4.2 Framepictures

Wheth coding interlaced sequences using frame pictures, the two fields of the frame shall be interleaved with ong¢ arjother
and then the entire frame is coded as a single frame picture.

6.1.1{5 Picturetypes

Ther¢ are three types of pictures that use different coding methods:
— anIntra-coded (I) pictureis coded using information only from itself;

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

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

6.1.1{6 Sequenceheader

A video sequence header commences with a sequence header code andjs-followed by a series of data elements. In this
Specification, sequence_header() shall be followed by sequence exténsion() which includes further parameters b¢yond
those| used by ISO/IEC 11172-2. When sequence extension()%is present, the syntax and semantics defingd in
ISO/IEC 11172-2 do not apply, and the present Specification applies.

In repeat sequence headers all of the data elements with the¢ permitted exception of those defining the quantization
matrices (load intra quantiser matrix, load non_intracguantiser matrix and optionally intra quantiser matriy and
non_|ntra_quantiser matrix) shall have the same values\as in the first sequence header. The quantization matrices mfay be
redefjned each time that a sequence header occurs«inthe bitstream (note that quantization matrices may also be updated
using quant matrix_extension()).

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

If a g$equence_scalable extension() occurs after the first sequence header() all subsequent sequence headers shall be
follofed by sequence scalable jextension() in which all data elements are the same as in the| first
sequgnce_scalable extension().) ‘Conversely if no sequence scalable extension() occurs between the | first
sequgnce_header() and the first picture _header(), then sequence_scalable extension() shall not occur in the bitstrear.

If a $equence display extension() occurs after the first sequence header() all subsequent sequence headers shall be
followed by sequence display extension() in which all data elements are the same as in the | first
sequgnce_display, \extension(). Conversely if no sequence display extension() occurs between the | first
sequgnce header() and the first picture header(), then sequence display extension() shall not occur in the bitstreamy.

Repepting, the sequence header allows the data elements of the initial sequence header to be repeated in ordef that
randgnraccess into the video sequence is possible.

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

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

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

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

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

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

6.1.1{8 4:2:0format

In this format the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal*and vgrtical
dimensions. The Y-matrix shall have an even number of lines and samples.
NPTE — When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures shall have a

Yimatrix with half the number of lines as the corresponding frame. Thus, the total number of lines,in'the Y-matrix of an|entire
frime shall be divisible by four.

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

In order to further specify the organization, Figures 6-2 and 6-3 show the vertical-and temporal positioning @f the
sampjes in an interlaced frame. Figure 6-4 shows the vertical and temporal positiening of the samples in a progrgssive
framg.

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 whethgr the
framg is represented as a single frame picture or two field pictures.

X O X
X4 X
X O X

I
I
I
I
I
|
I
|

X O X
X O X
X O X

X Represents luminance sample

O Represents chrominance sample H.262(12)_F6-1

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 samplesin andintérlaced frame with top_field first =1
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Figure 6-3—Vertical and temporal positions of samplesin an interlaced frame with top_loop_first =0
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Figure 6-4 — Vertical and temporal positions of samplesin a progressive frame

9 4:2:2format

s format the Cb and Cr matrices shall be one half thé’size of the Y-matrix in the horizontal dimension and the
s the Y-matrix in the vertical dimension. The Y-matrix shall have an even number of samples.

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

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

der to clarify the organization,) Figure 6-6 shows the (vertical) positioning of the samples when the fra
pted into two fields.

10 4:4:4 format

5 format the Cb and Cr matrices shall be the same size as the Y-matrix in the horizontal and the vertical dimen

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

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

same

have a
entire
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ions.

have a
entire

6.1.1 1t Framereordering

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

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

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

Rec. ITU-T H.262 (02/2012)
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When the sequence contains no coded B-frames, the coded order is the same as the display order. This is true in
particular always when low_delay is one.

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

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

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

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

The following is an example of frames taken from the beginning of a video sequence. In this example therearg two
coded B-frames between successive coded P-frames and also two coded B-frames between successive coded-Il and
P-frajnes and all pictures are frame pictures. Frame '11' is used to form a prediction for frame '4P'. Frames '4R“and '|I' are
both psed to form predictions for frames 2B' and '3B'. Therefore the order of coded frames in the codedysequence] shall
be '11, '4P', 2B', '3B'. However, the decoder shall display them in the order '1I', '2B', '3B', '4P".
At thg 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 thg encoder output, in the coded bitstream, and at the decoder input:
1 4 2 3 7 5 6 10 8 9 137 11 12
I P B B P B B I B BYWP B B

At thg decoder output:

B X ITRYX I8 X1’ X
———————— R L T T PR
RN OXTVR X I8 X118 X
———————— e e
ROX 1T® X118 Xi1®& X
———————— T e
0% TROX T® X’ X
———————— ] TR
OX IR X8 X’ X
———————— Fmm—m———pm—m————p———————
0% ><; D4 EQQ ><; D

H.262(12)_F6-5
>< Represents luminance sample

O Represents chrominance sample

Figure 6-5— The position of luminance and chrominance samples—4:2:2 data
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Figure 6-6 — Vertical positions of sampleswith-4.:2:2 and 4:4:4 data
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Figure 6-7 — The position of luminance and chrominance samples—4:4:4 data

6.1.2 Slice

A dlice s a series of an arbitrary number of consecutive macroblocks. The first and last macroblocks of a slice shall not
be skipped macroblocks. Every slice shall contain at least one macroblock. Slices shall not overlap. The position of slices

may change from picture to picture.

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

Slices shall occur in the bitstream in the order in which they are encountered, starting at the upper-left of the picture and
proceeding by raster-scan order from left to right and top to bottom (illustrated in Figures 6-8 and 6-9 as alphabetical

order).
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6.1.2.1 Thegeneral slicestructure

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

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

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

6.1.2.2 Restricted slice structure

In certamrdefimed-tevetsofdefied pluﬁlcb aTestrictedshcestructure tHustrated T Figuw 6=9-shatt-beused—Trthry case
every macroblock in the picture shall be enclosed in a slice.

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

\J D
A\
F D
@
H.262(12)_F6-8

Figure 6-8 — The most general slice structure

H.262(12)_F6-9

Figure 6-9 — Restricted dlice structure
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6.1.3 M acr oblock

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.
011
e

Y Ch Cr
H.262(12)_F6-10

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] [
Cb Cr

H.262(12])F6A1

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

A 4:4:4 Macroblock consists of 12 blocks. This structure holds4Y, 4 Cb and 4 Cr Blocks and the block order is depicted
in Figure 6-12.

011 418 519

[N
W

6 (10 711

Y Cb Cr
H.262(12)_F6-12

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

In frgme pictures, where both)frame and field DCT coding may be used, the internal organization within the macroplock
is different in each caseg,

e In thésease of frame DCT coding, each block shall be composed of lines from the two fields alternhtely.
Thiy’is illustrated in Figure 6-13.

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

In the case of chrominance blocks the structure depends upon the chrominance format that is being used. In thd case
of 4:2:2 and 4:4:4 formats (where there are two blocks in the vertical dimension of the macroblock) the chrominance
blocks are treated in exactly the same manner as the luminance blocks. However, in the 4:2:0 format the chrominance
blocks shall always be organized 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.

6.14 Block

The term "block" can refer either to source and reconstructed data or to the DCT coefficients or to the corresponding
coded data elements.
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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 structurein frame DCT coding
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Figure 6-14 — Luminancemacr oblock structurein field DCT coding

Video bitstream syntax

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

start code consists of-a_start code prefix followed by a start code value. The start code prefix is a stri
y three bits with the'value zero followed by a single bit with the value one. The start code prefix is thus t
'0000 0000 0000-6000 0000 0001".

tart code valug'is an eight bit integer which identifies the type of start code. Most types of start code have ju

the slice vertical position for the slice.

All s

art codes shall be byte aligned. This shall be achieved by inserting bits with the value zero before the start]

hg of
he bit

t one

tode valu€, However, slice start code is represented by many start code values, in this case the start code value is

code

prefiz

snuch that the first bit of the start code I‘H‘PﬁY is the first (maost qigniﬁr‘nnﬂ hit of 2 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

20

detected.
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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
SEqUTIICE_CITOI_code B4
extension_start code B5
reserved B6
sequence_end code B7
group_start code B8
system start codes (Note) B9 through FE
NOTE - System start codes are defined in Part 1 of this Specification.
Video Sequence
video_sequence() { No. of bits Mnemonic
next_start code()
sequence_header()
if ( nextbits() == extension_start code ) {
sequence_extension()
do {
extension_and_user_data( 0 )
do {
if (nextbits() == group.start_code) {
group_of pictures_header()
extension® and user data( 1)
}
picture “header()
picture_coding_extension()
extension_and_user data(2)
picture_data()
} while ( (nextbits() == picture_start code) ||
(nextbits() == group_start_code) )
if ( nextbits() !=sequence end code ) {
sequence_header()
sequence_extension()
}
}+ while ( nextbits() !=sequence_end_code )
} else {
/* ISO/IEC 11172-2 */
}
sequence_end_code 32 bslbf
}
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6.22.1 Sequenceheader
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_hit 1 bslbf
vbv_buffer_size value 10 uimsbf
constrained_parameters flag 1 bslbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser matrix )
intra_quantiser_matrix[64] 8*64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8*64 uimsbf
next start code()
}
6.2.2]2 Extension and user data
extension_and user data(i) { No. of bits Mnemonic
while ( ( nextbits()== extension_start code ) ||
( nextbits()==user data start code ) ) {
if ((1!=1) && ( nextbits()== extension_start code ) )
extension_data( i)
if ( nextbits()== user_data_start code )
user)data()
}
¥
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6.2.2.2.1 Extension data

extension_data( i) { No. of bits Mnemonic

while ( nextbits()== extension_start code ) {

extension_start_code 32 bslbf

if i==0) { /* follows sequence extension() */

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

sequence_display_extension()

else if ( nextbits()

== "Sequence Scalable Extension ID" )

sequence_scalable_extension()

else

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

reserved_extension_data_byte 8 uimsbf

}

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

never follows a group_of pictures_header() */

if (1==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 Spafial Scalable Extension ID" )

picture_spatial sealable extension()

else if ( nextbits().

== "Picture Temporal Scalable Extension ID" )

picturé temporal scalable extension()

else\if( nextbits()

== "Camera Parameters Extension ID" )

camera_parameters_extension()

else if ( nextbits()
== "ITU-T Extension ID")

ITLULT 1 ronl)
—exdensiont

else

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

reserved_extension_data_byte 8 uimsbf
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6.2.2.2.2 User data

user_data() { No. of bits Mnemonic

user_data start_code 32 bslbf

while( nextbits() !="'0000 0000 0000 0000 0000 0001") {

user_data 8 uimsbf

}

next_start code()

}
6.2.2[3 Sequence extension
sequence_extension() { No. of bits Mnemenic
extension_start_code 32 bsibf
extension_start_code_identifier 4 uimsbf
profile_and_level_indication 8 uimsbf
progressive_sequence 1 uimsbf
chroma_format 2 uimsbf
horizontal_size extension 2 uimsbf
vertical_size extension 2 uimsbf
bit_rate _extension 12 uimsbf
marker_bit 1 bslbf
vbv_buffer_size extension 8 uimsbf
low_delay 1 uimsbf
frame_rate_extension_n 2 uimsbf
frame_rate extension_d 5 uimsbf
next start code()
}
6.2.2[4 Sequencedisplay extension
sequence_display extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
videoformat 3 uimsbf
colqur ~description 1 uimsbf
if*( colour description ) {
colour_primaries 8 uimsbf
transfer—characteristics 8 imrsbf
matrix_coefficients 8 uimsbf
}
display_horizontal_size 14 uimsbf
marker_bit 1 bslbf
display_vertical_size 14 uimsbf
next start code()
}
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5 Sequence scalable extension
sequence_scalable extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
scalable_mode 2 uimsbf
layer _id 4 uimsbf
if (scalable_mode == "spatial scalability") {
lower _layer prediction_horizontal_size 14 uimsbf
marker_bit 1 bslbf
lower layer prediction_vertical_size 14 uimsbf
horizontal_subsampling_factor_m 5 uimsbf
horizontal_subsampling_factor_n 5 uimsbf)
vertical_subsampling_factor_m 5 uimsbf
vertical_subsampling_factor_n 5 uimsbf
b
if ( scalable_mode == "temporal scalability" ) {
picture_mux_enable 1 uimsbf
if ( picture_mux_enable )
mux_to_progressive_sequence 1 uimsbf
picture_mux_order 3 uimsbf
picture_mux_factor 3 uimsbf
H
next start code()
}
6 Group of pictures header
group_of pictures_header() { No. of bits Mnemonic
group_start_code 32 bslbf
time_code 25 uimsbf
closed_gop, 1 uimsbf
broken_dink 1 uimsbf

nextistart_code()
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6.2.3

26

Picture header
picture_header() { No. of bits Mnemonic
picture_start_code 32 bslbf
temporal_reference 10 uimsbf
picture_coding_type 3 uimsbf
vbv_delay 16 uimsbf
if ( picture_coding_type == 2 || picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward_f_code 3 bslbf
H
if ( picture_coding_type ==3) {
full_pel_backward_vector 1 bslbD
backward_f_code 3 bslbf
b
while ( nextbits() =="'1") {
extra_bit_picture /* with the value 'l' */ 1 uimsbf
content_description_data() /* with every 9th bit having the value '1' ¥/ } 8 uimsbf
}
extra_bit_picture/* with the value '0' */ 1 uimsbf

next_start code()
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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
g_scale type 1 uimsbf
intra_vic 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
H
next start code()
}

Rec. ITU-T H.262 (02/2012)
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6.2.3.2 Quant matrix extension

quant_matrix_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
load_intra_quantiser_matrix 1 uimsbf
if (load intra_quantiser matrix )
intra_quantiser_matrix[64] 8 * 64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_intra_quantiser_matrix 1 uimsbf
if (load_chroma_intra_quantiser matrix )
chroma_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_non_intra_quantiser_matrix 1 uimsbf
if (load_chroma non_intra_quantiser matrix )
chroma_non_intra_quantiser_matrix[64] 8 *.64 uimsbf
next start code()
¥
6.2.3[3 Picturedisplay extension
picture_display extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
for (1=0; 1 <number of frame centre offsets;i++) {
frame_centre_horizontal_offset 16 simsbf
mar ker_bit 1 bslbf
frame_centre_vertical_offset 16 simsbf
mar ker_bit 1 bslbf
}
next_start_code()
}
6.2.3[4 Pictureftemporal scalable extension
picture_temporal_scalable extension() { No. of bits Mnemonic
extension_start_code identifier 4 uimsbf
reference_select_code 2 uimsbf
forward_temporal_reference 10 uimsbf
marker_bit 1 bslbf
backward_temporal_reference 10 uimsbf

next_start code()
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6.2.3.5 Picture spatial scalable extension

picture spatial scalable extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
lower _layer_temporal_reference 10 uimsbf
marker_bit 1 bslbf
lower layer _horizontal_offset 15 simsbf
marker_bit 1 bslbf
lower _layer_vertical_offset 15 simsbf
spatial_temporal_weight_code_table_index 2 uimsbf
lower_layer_progressive_frame 1 uimsbf
lower_layer _deinterlaced_field_select 1 uimsbf)
next start code()

}

6.2.3[6 Copyright extension

copyright_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
copyright_flag 1 uimsbf
copyright_identifier 8 uimsbf
original_or_copy 1 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright_number_2 22 uimsbf
marker_bit 1 bslbf
copyright_number_3 22 uimsbf
next start code()

}

6.2.3|7 Pictufedata

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

30

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_hit 1 bslbf
f_number 22 uimsbf
marker_bit 1 bslbf
vertical_angle of view 22 uimsbf’
marker_bit 1 bslbf
camera_position_x_upper 16 simsbf
marker_bit 1 bslbf
camera_position_x_lower 16
marker_hit 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_hit 1 bslbf
camera_direction_x 22 simsbf
marker_bit 1 bslbf
camera_direction_y 22 simsbf
marker_bit 1 bslbf
camera_direction_z 22 simsbf
marker_bit 1 bslbf
image _plane vertieal_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.
6.2.3[7.3 Content description data
content_description_data() { No. of bits Mriemonic
data_type upper 8 uimsbf
marker_bit 1 bslbf
data_type lower 8
marker_bit 1 bslbf
data_length 8 uimsbf
if ( data_type == "Padding Bytes" )
padding_bytes()
else if ( data_type == "Capture Timecode" )
capture_timecode()
else if ( data_type == "Additional Pan-Scan Parametefs" )
additional pan_scan_parameters()
else if ( data_type == "Active Region Windaw")
active_region_window()
else if ( data_type == "Coded Picture Liength" )
coded_picture length()
else
for (1= 0;1< data\length; i ++) {
marker_bit 1 bslbf
reserved_content_description_data 8 uimsbf
}
}
6.2.37.3.1 _“Padding bytes
padding bytes() { No. of bits Mnemonic
for (1=0; 1< data_length; i++) {
marker_bit 1 bslbf
padding_byte 8 bslbf
}
§

Rec. ITU-T H.262 (02/2012) 31


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

ISO/IEC 13818-2:2013 (E)

6.2.3.7.3.2 Capturetimecode

capture_timecode() { No. of bits Mnemonic
marker_bit 1 bslbf
timecode_type 2 uimsbf
counting_type 3 uimsbf
reserved_bit 1 uimsbf
reserved_bit 1 uimsbf
reserved_bit 1 uimsbf
if ( counting_type !=0) {
marker_bit 1 bslbf
nframes_conversion_code 1 uimsbf
clock_divisor 7 uimsbf]
marker_bit 1 bslbf.
nframes_multiplier_upper 8 uimsbf
marker_bit 1 bslbf
nframes_multiplier_lower 8
}
frame or field capture timestamp()
if ( timecode type =="11")
frame or field capture timestamp()
}
6.2.3|7.3.21 Frameor field capturetimestamp
frame or field capture timestamp() { No. of bits Mnemonic
if ( counting_type !=0) {
marker_bit 1 bslbf
nframes 8 uimsbf
}
marker_bit 1 bslbf
time_discontinuity 1 uimsbf
prior_count_dropped 1 uimsbf
time_offset_part_a 6 simsbf
mar ker Chit 1 bslbf
time) offset_part_b 8
marker_bit 1 bslbf
time_offset_part_c 8
marker_bit 1 bslbf
time_offset_part_d 8
marker_bit 1 bslbf
units_of_seconds 4 uimsbf
tens_of_seconds 4 uimsbf
marker_bit 1 bslbf
units_of_minutes 4 uimsbf
tens of minutes 4 uimsbf
marker_bit 1 bslbf
units_of _hours 4 uimsbf
tens of hours 4 uimsbf
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6.2.3.7.3.3  Additional pan-scan parameters

additional pan_scan_parameters() { No. of bits Mnemonic
marker_bit 1 bslbf
aspect_ratio_information 4 uimsbf
reserved_bit 1 bslbf
reserved_bit 1 bslbf
reserved_bit 1 bslbf
display_size present 1 bslbf
if (display_size present=="'1") {
marker_bit 1 bslbf
reserved_bit 1 bslbf
reserved_bit 1 bslbf
display_horizontal_size upper 6 uimsbf’
marker_bit 1 bslbf
display_horizontal_size |ower 8
marker_bit 1 bslbf
reserved_bit 1 bslbf
reserved_bit 1 bslbf
display_vertical_size upper 6 uimsbf
marker_bit 1 bslbf
display_vertical_size lower 8
}
for (1= 0; i <number_of frame centre offsets;i++)¢
marker_bit 1 bslbf
frame_centre_horizontal_offset_upper 8 simsbf
marker_bit 1 bslbf
frame_centre_horizontal_offsetfower 8
marker_bit 1 bslbf
frame_centre_vertical:Offset_upper 8 simsbf
marker_bit 1 bslbf
frame_centre_vertical_offset_lower 8
}
}
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6.2.3.7.3.4  Activeregion window

6.2.3

34

active_region_window() { No. of bits Mnemonic
marker_bit 1 bslbf
top_left_x_upper 8 uimsbf
marker_bit 1 bslbf
top_left_x_lower 8
marker_bit 1 bslbf
top_left_y upper 8 uimsbf
marker_bit 1 bslbf
top_left_y lower 8
marker_bit 1 bslbf
active_horizontal_size _upper 8 uimsbf]
marker_bit 1 bslbf’
active_horizontal_size lower 8
marker_bit 1 bslbf
active vertical_size upper 8 uimsbf
marker_bit 1 bslbf
active vertical_size lower 8

}

7.3.5 Coded picturelength

coded picture length() { No. of bits Mnemonic
marker_bit 1 bslbf
picture_byte count_part_a 8 uimsbf
marker_bit 1 bslbf
picture_byte count_part_b 8
marker_bit 1 bslbf
picture_byte count_part _-c 8
marker_bit 1 bslbf
picture_byte count;part_d 8
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6.2.4 Slice
slice() { No. of bits Mnemonic
dlice_start_code 32 bslbf
if (vertical size > 2800)
slice_vertical_position_extension 3 uimsbf
if (<sequence_scalable_extension() is present in the bitstream>) {
if (scalable_mode == 'data partitioning')
priority_breakpoint 7 uimsbf
}
quantiser_scale_code 5 uimsbf
if (nextbits() =="'1") {
slice_extension_flag 1 bslbf
intra_dlice 1 uimsbf’
slice_picture_id_enable 1 uimsbf
dlice_picture_id 6 uimbsf
while (nextbits() =="1") {
extra_bit_glice /* with the value '1"' */ 1 uimsbf
extra_information_slice 8 uimsbf
}
§
extra_bit_slice /* with the value '0' */ 1 uimsbf
do {
macroblock()
} while (nextbits() !="'000 0000 0000 0000 0000 0000")
next_start_code()
I
6.2.5 M acroblock
macroblock() { No. of bits Mnemonic
while ( nextbits() == '0000 0001 000" )
macr oblock’_escape 11 bslbf
macr oblock_address_increment 1-11 viclbf
macrobloek * 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( 1)
}
}
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6.2.5.1 Macroblock modes

macroblock modes() { No. of bits Mnemonic

macr oblock_type 1-9 vlclbf

if ( ( spatial_temporal weight code flag==1) &&

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

spatial_temporal_weight_code 2 uimsbf

}

if ( macroblock motion forward ||

macroblock motion_backward ) {

if ( picture_structure == 'frame' ) {

if ( frame pred frame dct==0)

frame_motion_type 2 uimsbf

} else {

field_motion_type 2 uimsbf

}

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

(frame pred frame dct==0) &&

( macroblock_intra || macoblock pattern) ){

dct_type 1 uimsbf

6.2.5|2 Motion vectors

motion_vectors (s ) { No. of bits Mnemonic

if ( motion_vector_count == L)Y

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

motionyvertical_field_select[0][s] 1 uimsbf
motion_veetor( 0, s )
} else {
mation_vertical_field_select[0][9] 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 vlclbf
if ((f _code[s][0] '=1) && ( motion_code[r][s][0] !=0))
motion_residual[r][s][0] 1-8 uimsbf
if (dmv==1)
dmvector [0] 1-2 viclbf
motion_code[r][s][1] 1-11 vlclbf
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 vlclbf
}
6.2.5(3 Coded block pattern
coded block pattern () { No..ofbits 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 dletailed syntax for the terms "First DCT coefficient!$¥'Subsequent DCT coefficient" and "End of Block" is|

descr

This

ibed in 7.2.

bubclause does not adequately document the black layer syntax when data partitioning is used. See 7.10.

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

if ( macroblockintra ) {
if(ix4){
dct_dc_size luminance 2-9 viclbf

if(dct_dc_size luminance !=0)
dct_dc_differential 1-11 uimsbf

} else {

dct_dc_size chrominance 2-10 viclbf

if(dct_dc_size chrominance != 0)

dct_dc_differential 1-11 uimsbf

s
} else {

First DCT coefficient 2-24 vlclbf
}
while ( nextbits() != End of block )

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

6.3.1 Semantic rulesfor higher syntactic structures

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

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

ISO/IEC 11172-2

( ) ﬂ)( )

SCQUENCe | o/ SCUENCe | [ EXICnsIion \

—7  GOP
header

—7 Picture
header

‘\

The following semantic rules apply:

I After a group of pictures (GOP) header, the first picture shall be an I-picture

Pic. coding
extension

H.262(12)_F6-15

Figure 6-15—High level bitstream organization

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

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

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

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

If sequence extension() occurs in the bitstream, then each picture header() shall be followed immed|
by @picture_coding_extension().

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

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

ream

quent

wder()

de a

lately

frame

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

A number of different extensions are defined in addition to sequence extension() and picture_coding_extension(). The
set of allowed extensions is different at each different point in the syntax where extensions are allowed. Table 6-2
defines a four bit extension_start_code_identifier for each extension.
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Table 6-2 —extension_start_code identifier codes

At ed
may

In thg
Spec
defin|

6.3.2

sequ
sequg

6.3.3

sequ
begin

horiz
verti
horiZ
horiz
width

comp
enco

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

ch point where extensions are allowed in the bitstream any numberof the extensions from the defined allowah
be included. However, each type of extension shall not occur mere -than once.

case that a decoder encounters an extension with an extension identification that is described as "reserved" i
fication, the decoder shall discard all subsequent data<until the next start code. This requirement allows
tion of compatible extensions to this Specification.

Video sequence

bnce_end_code — The sequence end codg_is the bit string '000001B7" in hexadecimal. It terminates a
nce.

Sequence header

bnce_header_code — The sequence header code is the bit string '000001B3' in hexadecimal. It identific
ning of a sequence header.

ontal_size value— This'word forms the 12 least significant bits of horizontal size.
cal_size value— Thigword forms the 12 least significant bits of vertical size.

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

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

le set

h this

future

video

s the

ed in
s the
hance
n the

led pictures.

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

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

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

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

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

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

Table 6-3 —aspect_ratio_information

L . Sample Aspect

aspect_ratio_information Ratio DAR
0001 1.0 (Square Sample) -
0010 - 3+4
0011 - 9+ 16
0100 - 1.+2.21
0101 - Reserved
1111 - Reserved

aspeq
samp)

fram
deriv

Wheth an entry-for the frame rate exists directly in Table 6-4, frame rate extension n and frame rate extension d
be zdro. (frame rate extension n + 1) and (frame rate_extension_d + 1) shall not have a common divisor greater

les) or alternatively it gives the "Display Aspect Ratio" (DAR).

as follows:

SAR = DAR X horlz(.)ntalisme
vertical _size

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

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

display horizontal size

SAR = DAR X

display vertical size

bd from frame _rateCvalue, frame rate extension_n and frame rate extension_d as follows:

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

one.

40
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t ratio information either specifies that the "Sample Aspect Ratio" (SAR) ‘ef the reconstructed frame is 1.0 (sguare

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

DAR

e rate_code — This istafour-bit integer used to define frame_rate value as shown in Table 6-4. frame rate may be

shall
than
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Table 6-4 —frame rate value

If pr
recip

If pra
recip

The

re-mi
bit_r
bit r
bit_r(
The 1
The

varia
to thd

N
\L:
of

mar k
vbv_|

vbv_|
and 1

Veriffier, see Annex C) buffer needed to decode the sequence. It is defined as:

VBV operates in one of two modes depending on the coded values in vbv_delay. In all cases (both constan

frame_rate code frame rate value
0000 Forbidden
0001 24 000 + 1001 (23.976...)
0010 24
0011 25
0100 30 000 + 1001 (29.97...)
0101 30
0110 50
0111 60 000 + 1001 (59.94...)
1000 60
1001 Reserved
1111 Reserved

gressive sequence is 'l' the period between two successive frames at the oufput' of the decoding process
ocal of the frame rate. See Figure 7-18.

gressive sequence is '0' the period between two successive fields at the output of the decoding process is half
ocal of the frame_rate. See Figure 7-20.

ame_rate signalled in the enhancement layer of temporal scalability is the combined frame rate after the ten
Itiplex operation if picture_mux_enable in the sequence_scalable: extension() is set to '1".

pte value— The lower 18 bits of bit_rate.

pte — This is a 30-bit integer. The lower 18 bits of the integer are in bit rate value and the upper 12 bits
te_extension. bit_rate is measured in units of 400 bits/second, rounded upwards. The value zero is forbidden.

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

ble bit rate operation) the bit rate specified shall be the upper bound of the rate at which the coded data is suj
input of the VBV.

DTE 2 — Since constant bit rate opgration is simply a special case of variable bit rate operation there is no requirement t}
lue of bit_rate is the actual bit rate)at which the data is supplied. However it is recommended in the case of constant b
eration that bit_rate should repregent the actual bit rate.

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

buffer_size = vbv_buffer size is an 18-bit integer. The lower 10 bits of the integer are in vbv_buffer size |
he upper & \bits are in vbv_buffer size extension. The integer defines the size of the VBV (Video Buf

B =16 * 1024 * vbv_buffer size

3(E)

s the

Of the

poral

hre in

t and
plied

at the
it rate

value
ering

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

constrained_parameters flag — This flag (used in ISO/IEC 11172-2) has no meaning in this Specification and shall

have

the value '0".

load_intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".

intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".

load_non_intra quantiser_matrix — See 6.3.11 "Quant matrix extension".

non_intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".
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6.3.4 Extension and user data

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

6.3.4.1 User data

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

user_data— This is an 8 bit integer, an arbitrary number of which may follow one another. Except as specified in Annex
D, the values and semantics of the user data sent as user data syntax elements are defined by users for their specific
applications. In the series of consecutive user_data bytes there shall not be a string of 23 or more consecutive zero bits.
Except as specified in Annex D, the user data shall not begin with the bit string '4a503344' in hexadecimal.

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

profije_and_level_indication — This is an 8-bit integer used to signal the profile and level identification. The mepning
of th¢ bits is given in clause 8.

NPTE — In a scalable hierarchy the bitstreams of each layer may set profile_and level indication to a'different value as spgcified
in| clause 8.

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

chroma_format — This is a two-bit integer indicating the chrominance format as\defined in Table 6-5.
horigontal_size extension — This 2-bit integer is the 2 most significant bitS\from horizontal size.
vertigal _size extension — This 2-bit integer is the 2 most significant.bits*from vertical_size.

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

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

Table 6-5 — M eaning of chroma_format

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

low_flelay — This flag;ywhen set to 'l', indicates that the sequence does not contain any B-pictures, that the frame
re-ordlering delay isabtpresent in the VBV description and that the bitstream may contain "big pictures", i.e. that .7 of

ent in

o-define

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

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

6.3.6 Sequence display extension

This Specification does not define the display process. The information in this extension does not affect the 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 accordance
with this Specification. Its meaning is defined in Table 6-6. If the sequence display extension() is not present in the
bitstream, then the video format may be assumed to be "Unspecified video format".
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Table 6-6 — Meaning of video_for mat

coloy

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

matrik_coefficients in the bitstream.

coloy

in Taple 6-7.

In th
chror]

trang
and 1

defined in Table 6-8.

r_description — A flag which if set to '1' indicates the presence of colour primaries, transfer characteristic
r_primaries — This 8-bit integer describes the chromaticity coordinates of the source jprimaries, and is dd
e case that sequence display extension() is not present in the bitstream or«eolour description is zerd

haticity is assumed to be implicitly defined by the application.

fer characteristics — This 8-bit integer describes the opto-electronic transfér characteristic of the source pi

s and

fined

, the

cture,
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Table 6-7 —Colour primaries

Value Primaries Informative remarks*
0 Forbidden
primaty X Y| Rec. ITU-R BT.709 [2]
green 0.300 0.600 | Rec. ITU-R BT.1361 [4], conventional colour gamut system or
1 blue 0.150 0.060 | extended colour gamut system
red 0.640 0330 | EC61966-2-4[9]
white D65 03127  0.3290 Annex B of SMPTE RP 177 [17]
) Unspecified ;r;;ﬁsai?jéactensucs are unknown or are determined by the |
B Reserved For future use by ITU-T | ISO/IEC
primary X y
green 021 071 | Rec. ITU-R BT.470, System M (historical)
f blue 014 0.08 NTSC-1953 [16], Recommendation for transmission standards fpr
’ ’ colour television
red 0.67 0.33 | US 47 CFR 73.682 (a) (20) [20]
white C 0.310 0.316
primary X y
green 0.29 0.60 Rec. ITU-R BT.470, System B, G (histprical)
s blue 015 0.06 Rec. ITU-R BT.601 (see Clatise2 for title), 625
' : Rec. ITU-R BT.1358 [3],625
red 0.64 0.33 | Rec. ITU-R BT.1700 [5}.%25 PAL or 625 SECAM
white D65 0.3127  0.3290
primary X y (functionally the sathe as the value 7)
green 0.310 0.595 | Rec. ITU-R BT.601 (see Clause 2 for title), 525
b blue 0.155 0.070 | Rec. ITU-R(BT.1358 [3], 525
red 0.630 0.340 | Rec. ITU-R'BT.1700 [5], NTSC
white D65 03127 03290 | SMPTESTI70[18]
primary X y
green 0.310 0.595 (functionally th the value 6)
unctionally the same as the value
7 blue 0.155 0.070 SMPTE ST 240 [19]
red 0.630 0:340
white D65 0.3127,.:0.3290
8-P55 | Reserved For future use by ITU-T | ISO/IEC
* [¥] indicates item X' in th€ Bibliography of this Recommendation | International Standard
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Table 6-8 — Transfer characteristics

Value Transfer characteristic Infor mative remarks*
0 Forbidden
— 0.45
V= I'Ofi 2 {J; L_>0603 198 (functionally the same as the value 6)
1 _ = Rec. ITU-R BT.709 [2]
V=4500L Rec. ITU-R BT.1361 [4 tional col t syst
for 0.018 > L, > 0 ec. - . [4], conventional colour gamut system
. Image characteristics are unknown or are determined by the
2 Unspecified application.
3 Reserved For future use by ITU-T | ISO/IEC
Rec. ITU-R BT.470, System M (historical)
. NTSC-1953 [16], Recommendation for transmission standards
o Assumed display gamma 2.2 .
for colour television
US 47 CFR 73.682 (a) (20) [20]
. Rec. ITU-R BT.470, System B, G (historical)
D Assumed display gamma 2.8 Rec. ITU-R BT.1700 [5], 625 PAL or 625 SECAM
_ 045 (functionally the same as the value 1)
v 1'0?§rli°> . g%goglg Rec. ITU-R BT.601 (see Clause 2 for tifle), 525 or 625
b V=4500L. c= Rec. ITU-R BT.1700 [5], NTSC
) for 00018 SL.>0 Rec. ITU-R BT.1358 [3], 525-0r.625
' c= SMPTE ST 170 [18]
V=1.1115L ¥ -0.1115
for L. >0.0228
7 V=40L, SMPTE ST 240 [19]
for 0.0228 > L,
R V=L, Linear transfer-characteristics
V=1.0- LOglo(LC) +2
D V=0 Ofor 1212001 Logarithmic transfer characteristic (100:1 range)
for 0.01 >L.>0
V=1.0-Logo(L.) + 2.5
0 V=0 Ofor 12 L. 200031622777 Logarithmic transfer characteristic (316.22777:1 range)
for 0.0031622777 > L. 2.0
V =1.099 L,>* - 0.099
for L. >0.018
V=4.500 L,
! for 0.018 £T,c> ~0.018 IEC 61966-2-4 [9]
V =—1.099 (<£)** - 0.099)
for 0018 >1,
V = 1.099%,9-4° - 0.099
for 1.33>L.>0.018
Va=4.500 L,
2 for 0.018 > L, > —0.0045 Rec. ITU-R BT.1361 [4], extended colour gamut system
V =—(1.099 (-4 * L)** -0.099) + 4
for —0.0045 > L, >—-0.25
13-255 | Reserved For future use by ITU-T | ISO/IEC

* [x] indicates item 'x' in the Bibliography of this Recommendation | International Standard

In the case that sequence display_extension() is not present in the bitstream or colour_ description is zero, the transfer
characteristics are assumed to be implicitly defined by the application.

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

Value Matrix Informative remarks*
0 Forbidden
Rec. ITU-R BT.709 [2]
Evy=0.7152E'c +0.0722 E's + 0.2126 E'x Rec. ITU-R BT.1361 [4], conventional colour gamut
1 E'pg =—0.3854 E'¢ + 0.5000 E's — 0.1146 E'y | system and extended colour gamut system
E'pg =—0.4542 E'c — 0.0458 E'5 + 0.5000 E'r | IEC 61966-2-4 [9], xvYCCrqgo
Annex B of SMPTE RP 177 [17]
D) L1 - Image characteristics are unknown or are determined by
PR the application
3 Reserved For future use by ITU-T | ISO/IEC
Evy=0.59E;+0.11 E5+0.30 E'x NTSC-1953 [16], Recommendation for transmission
4 E'pg=—-0.331 E'c +0.500 E's — 0.169 E'g standards for colour television
E'pg =—0.421 E's - 0.079 E's + 0.500 E'g US 47 CFR 73.682 (a) (20) [20]
(functionally the same as the value 6)
E'y = 0.5870 E'g + 0.1140 E's + 0.2990 E'g Rec. ITU-R BT.470, System B, G (hlst9r1cal)
R . , , Rec. ITU-R BT.601 (see Clause 2 for title), 625
5 E'pg =—0.3313 E'c + 0.5000 E's — 0.1687 E'x
E'pg = 04187 Elq— 0.0813 E'y + 0.5000 By | R¢¢ [TU-R BT.1358 [3], 623
PR : a6 B R 1 Rec. ITU-R BT.1700 [5], 625 PAL or 625 SECAM
IEC 61966-2-4 [9], xyYLCCqn;
(functionally the same as the value 5)
E'y = 0.5870 E'g + 0.1140 E'y + 02990 E'g Rec. ITU-R BT,601 (see Clause 2 for title), 525
R . , , Rec. ITU-RBT.1358 525
6 E'pg =—0.3313 E'c + 0.5000 E's — 0.1687 E'x
E'pg = — 04187 E'g— 0.0813 E'g + 0.5000 By, | Rec: ITU-RBT.1700 NTSC
PR : a6 B R | SMPTE.ST 170 [18]
IEC.,61966-2-4 [9], xvY CCgn;
E'y=0.701 E'g + 0.087 E's + 0.212 E'y
7 E'pg =—0.384 E's +0.500 E's — 0.116 E'g SMPTE ST 240 [19]
E'PR =-0.445 E’G —0.055 E'B +0.500 E'R
8 YCgCo Defined as specified below
9-2p5 | Reserved For future use by ITU-T | ISO/IEC
* [§] indicates item X' in the Bibliography-of'this Recommendation | International Standard
In Taple 6-9:

When transfer (Characteristics is not equal to 11 or 12, E'g, E'g and E'g are analogue with values betwleen 0

and 1;

When tranisfer characteristics is equal to 11 (IEC 61966-2-4 [9]) or 12 (Rec. ITU-R BT.136] [4],

extended/colour gamut system), E'r, E' and E'g are analogue with a larger range that is not specified in

this’Recommendation | International Standard;

Neminal black is considered to have the property E'r =0, E'c =0 and E'g = 0;

Nominal white is considered to have the property E'r =1, Elc=1and E's = 1;

If matrix coefficients is not equal to 8, the following applies:

— E'y is analogue with the value 0 associated with nominal black and the value 1 associated with
nominal white;

—  E'pg and E'pr are analogue with the value 0 associated with both nominal black and nominal white;

—  When transfer characteristics is not equal to 11 or 12, E'y has values between 0 and 1;

—  When transfer characteristics is not equal to 11 or 12, E'pg and E'pg have values between —0.5
and 0.5;

—  When transfer characteristics is equal to 11 (IEC 61966-2-4 [9]), or 12 (Rec. ITU-R BT.1361 [4],
extended colour gamut system), E'y, E'pg and E'pr are analogue with a larger range that is not
specified in this Recommendation | International Standard;
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— Y, Cb and Cr are related to E'y, E'pg and E'pr by the following formulae:

Y =max[ 0, min[ 255, Round( (219 *E'y ) )+ 16 ]]
Cb = max[ 0, min[ 255, Round( ( 224 * E'pg ) ) + 128] |
Cr = max[ 0, min[ 255, Round( (224 * E'pg ) ) + 128] ]

—  Otherwise (matrix_coefficients is equal to 8 (YCgCo)), the following applies:
R=219*ER+16

G=219*Es+16
B=219*E5+16

Y = max[ 0, min[ 255, Round( 0.5* G+025*(R+B)) ]
Cb = max[ 0, min[ 255, Round( 0.5 * G-0.25* (R+B))+
Cr = max[ 0, min[ 255, Round( 0.5 * (R-B) )+ 128 ]]

]
12811

as Cg and Co, respectively. The inverse conversion for the above three equations should be computéd-as:

t=Y-(Cb-128)
G=Y+(Cb—128)
B=t—(Cr—128)
R=t+(Cr—128)

NOTE 2 — The decoding process given by this Specification limits outputy'sample values for Y, Cr and Cb
range [0:255]. Thus, sample values outside the range implied by the abovelequations may occasionally occur at the out
the decoding process. In particular the sample values 0 and 255 may oceur’

3(E)

NOTE 1 — For purposes of the YCgCo nomenclature used in Table 6-9, Cb and Cr of the above equations’may be refefred to

o the
put of

In the case that sequence display extension() is not present in the.bitstream or colour description is zero the matrix
coeffjcients are assumed to be implicitly defined by the applicatior:
NOTE 3 — In applications which may have signals with more than one set of colour primaries, transfer characteristics, find/or
matrix coefficients, it is recommended to transmit a sequénce display extension with colour description set to one, aind to
specify the appropriate values for the colorimetry paranieters.
displpy_horizontal_size — See display_vertical size.
displpy vertical_size — display horizontal size, and display vertical size together define a rectangle which myiy be
considered as the "intended display's" active région. If this rectangle is smaller than the encoded frame size, thgn the
display process may be expected to display enly a portion of the encoded frame. Conversely if the display rectanigle is
larger than the encoded frame size, then-the display process may be expected to display the reconstructed frameq on a
portign 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 'afid display vertical size do not affect the decoding process but may be used by the display
procdss that is not standardized in this Specification.
6.3.7 Sequence scalable extension
It is|a syntactic restriction that if a sequence scalable extension() is present in the bitstream following a [given
sequgnge extens10n() then sequence scalable extenswn() shall follow every other occurrence of sequence extensmn().
Thusla e e ithin a
sequence.
scalable mode — The scalable mode indicates the type of scalability used in the video sequence. If no

sequence scalable extension() is present in the bitstream, then no scalability is used for that sequence. scalable mode
indicates the macroblock type tables to be used. However, in the case of spatial scalability if no
picture spatial scalable extension() is present for a given picture, then that picture shall be decoded in a non-scalable
manner (i.e. as if sequence_scalable extension() had not been present).

also
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Table 6-10 — Definition of scalable_ mode

scalable_mode Meaning pi ctur(i_eipt)g:]igl O_ns(c)alable macr oblock_type tables
sequence_scalable extension() not present B-2, B-3 and B-4
00 Data partitioning B-2, B-3 and B4
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 B4

layer] id — This is an integer which identifies the layers in a scalable hierarchy. The base layer always hag layer i = 0
Howgver, the base layer of a scalable hierarchy does not carry a sequence_scalable extension() and' hence laygr id,
except in the case of data partitioning. Each successive layer has a layer_id which is one greater than ‘the layer for which
it is an enhancement.

In th¢ case of data partitioning layer id shall be zero for partition zero and layer id shall be one for partition one.

lowef _layer_prediction_horizontal_size — This is a 14-bit integer indicating the horizontal size of the lower [layer
fram¢ which is used for prediction. This shall contain the value contained in horizontal\size (horizontal size value and
horizpntal size extension) in the lower layer bitstream.

lowef _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 valuq and
vertidal size extension) in the lower layer bitstream.

horigontal_subsampling_factor_m — This affects the spatial scalable upsampling process, as defined in 7.7.2| The
valug zero is forbidden.

horigontal_subsampling_factor_n — This affects the spatialisealable upsampling process, as defined in 7.7.2. The [value
zero |s forbidden.

vertical_subsampling_factor_m — This affects the spatial scalable upsampling process, as defined in 7.7.2. The [value
zero |s forbidden.

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

picture_mux_enable — If set to 1, picture mux_order and picture_mux_factor are used for re-multiplexing prjor to
display.

mux|to_progressive_sequence ~This flag when set to 'l' indicates that the decoded pictures corresponding to thg two
layers shall be temporally multiplexed to generate a progressive sequence for display. When the temporal multiplexjing is
intenfled to generate an interlaced sequence this flag shall be '0'.

picture_mux_ordegIt denotes number of enhancement layer pictures prior to the first base layer picture. It thus gssists
re-myltiplexing of-pictures prior to display as it contains information for inverting the demultiplexing performed ht the

es to
i¢tures
elvalue

'000' is reserved.

6.3.8 Group of pictures header

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

time_code — This is a 25-bit integer containing the following: drop_frame flag, time code hours, time_code _minutes,
marker bit, time_code_seconds and time code pictures as shown in Table 6-11. The parameters correspond to those
defined in the IEC standard publication 60461 for "time and control codes for video tape recorders". The time code refers
to the first picture after the group of pictures header that has a temporal_reference 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 pictures are counted assuming
rounding to the nearest integral number of pictures per second, for example 29.97 Hz would be rounded to and counted
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as 30 Hz. If it is 'l' then picture numbers 0 and 1 at the start of each minute, 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 hit 1 1 hslhf
time_code_seconds 0-59 6 uimsbf
time_code pictures 0-59 6 uimsbf

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

closefl gop is set to 'l' to indicate that these B-pictures have been encoded using only backward prediction or| intra
coding.

This pit is provided for use during any editing which occurs after encoding. If the‘pfevious pictures have been renjoved
by editing, broken link may be set to 'l' so that a decoder may avoid displaying these B-pictures following th¢ first
re following the group of picture header. However, if the closed gop bitis set to 'l', then the editor may choose

_link — This is a one-bit flag which shall be set to '0' during, encoding. It is set to 'l' to indicate that th¢ first
consdcutive B-pictures (if any) immediately following the first coded)I-frame following the group of picture headef may
not bp correctly decoded because the reference frame which is used for prediction is not available (because of the gction

6.3.9

When a coded frame is in the forim of two field pictures, the temporal_reference associated with each picture shall he the
same| (it is called the tempoftal -reference of the coded frame). The temporal reference of each coded frame|shall
increpnent by one modulo, 1024 when examined in display order at the output of the decoding process, except when a
group of pictures headerfogeurs. Among the frames coded after a group of pictures header, the temporal reference pf 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 pigture A _iSnot a big picture, i.e. the VBV buffer is only examined once before the coded picture A is removed| from
the BV.buffer and if N is the temporal reference of picture A, then the temporal reference of picture B immedjately
folloying picture A in display order is equal to:

e 0 if'there is a group of pictures header present between picture A and picture B (in coded order).
e (N+1)9% 1024 if picture B is a frame picture or is the first field of a pair of field pictures.
e N ifpicture 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 several times
before removing a coded picture (referred to as a big picture) from the VBV buffer.

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 picture A in
display order is equal to:

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

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

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

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

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

Table 6-12 — picture _coding_type

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

(dc intra-coded (D) in ISOAEC11172-2)

101 Reserved
110 Reserved
111 Reserved

vbv_felay — The vbv_delay is a 16-bit unsigned integer..Jucall 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
clockl that the VBV shall wait after receiving the final byte of the picture start code before decoding the pifture.
vbv_{lelay 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 liexadecimal FFFF, then all of them shall be coded with this value. If
vbv_{lelay takes the value hexadecimal FFFF, input’of data to the VBV buffer is defined in C.3.2, otherwise input fo the
VBV|buffer is defined in C.3.1.

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

NPTE 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 copstant
for alll pictures. The encodet-is Capable of knowing the delay experienced by the relevant picture start code in the encoder
buffef and the total end-fo-¢nd delay. Therefore, the value encoded in vbv_delay (the decoder buffer delay of the pjcture
start pode) is calculated)as the total delay less the delay of the corresponding picture start code in the encoder huffer
measpred in periods'0f'a 90 kHz clock derived from the 27 MHz system clock.

Alterpatively, forconstant bit rate operation only, vbv_delay may be calculated from the state of the VBV as follow:

vbv_delay, =90 000 * B," /R

where:
n>0
B,"= VBV occupancy, measured in bits, immediately before removing picture n from the buffer but after
removing any header(s), user data and stuffing that immediately precedes the data elements of picture
n.
R= the actual bit rate (i.e. to full accuracy rather than the quantized value given by bit rate in the

sequence header).

An equivalent method of calculating vbv_delay for variable bit rate streams can be derived from the equation in C.3.1.
This will be in the form of a recurrence relation for the vbv_delay given the previous vbv_delay, the decoding times of
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the current and previous pictures, and the number of bytes in the previous picture. This method can be applied if, at the
time vbv_delay is encoded, the average bit rate of the transfer of the picture data of the previous picture is known.

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

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

full_pel_backward_vector — This flag that is used in ISO/IEC 11172-2 is not used by this Specification. It shall have
the value '0'".

backward_f_code — This 3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. It shall have
the value '111".
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| bit_picture — This flag indicates the presence of the following extra information. If extra_bit_picture is $ét
nt description_data() shall follow it. If it is set to '0', no further content description data() shall follow i
e header.

| information_picture — Reserved. A decoder conforming to this Specification ()that encot
| information picture in a bitstream shall ignore it (i.e. remove from the bitstream and discard). A bits
rming to this Specification shall not contain this syntax element.

D Picture coding extension

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

I-picture in which concealment motion vectors is zero f code[s][t] is not-used (since motion vectors are not
hall take the value 15 (all ones).

arly, in an I-picture or a P-picture f code[1][t] is not used in th€ decoding process (since it refers to backj
n vectors) and shall take the value 15 (all ones).

able 7-7 for the meaning of the indices; s and t.

| dc_precision — This is a 2-bit integer defined in Table 6-13.

Table 6-13Intra DC precision

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

hverse quantization)process for the Intra DC coefficients is modified by this parameter as explained in 7.4.1.

re structur&=This is a 2-bit integer defined in Table 6-14.

Table 6-14 — M eaning of picture _structure

to '1',
h this

inters

ream

es 10

used)

wards

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

When a frame 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 bottom field, and the next field must be of opposite parity.
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When a frame is encoded in the form of two field pictures, the following syntax elements may be set independently in
each field picture:

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

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

e intra_dc precision, concealment motion vectors, q_scale type;
e intra_vlc format, alternate scan;

e vbv delay;

e temporal reference.

top_field_first — The meaning of this element depends upon picture structure, progressive sequence and

repeat fiTst_fietd:

If progressive sequence is equal to '0', this flag indicates what field of a reconstructed frame is output first b
decodling process.
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g_scale_type— This flag affects the inverse quantization process as described in 7.4.2.2.

intra
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repeat_first field — This“flag is applicable only in a frame picture; in a field picture it shall be set to zero and dod

affec

If prd
of thg
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eld picture top_field first shall have the value '0', and the only field output by the decoding process“is the de
picture.

rame picture top_field first being set to '1' indicates that the top field of the reconstructed-frame is the first
t by the decoding process. top_field first being set to '0" indicates that the bottom field/6f the reconstructed fra
st field output by decoding process.

gressive sequence is equal to '1', this flag, combined with repeat_first field, indicates how many times (one, t
the reconstructed frame is output by the decoding process.

peat_first field is set to O, top field first shall be set to '0'. In this case the output of the decoding pr
sponding to this reconstructed frame consists of one progressive frame:

 field first is set to 0 and repeat first field is set to 'l', the output of the decoding process corresponding t
structed frame consists of two identical progressive frames.

 field first is set to 1 and repeat first field is set to 'l%the output of the decoding process corresponding t
structed frame consists of three identical progressive frames.

P pred_frame _dct — If this flag is set to 'l', then enly frame-DCT and frame prediction are used. In a field p
1l be '0". frame pred frame dct shall be 'l' if progressive sequence is 'l'. This flag affects the syntax g
bam.

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

| vic_format — This flag affects the decoding of transform coefficient data as described in 7.2.2.1.

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

the decoding process.

gressive_sequence is equal to 0 and progressive frame is equal to 0, repeat_first field shall be zero, and the d
decoding\process corresponding to this reconstructed frame consists of two fields.

gressive sequence is equal to 0 and progressive frame is equal to 1:

y the
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The first field (top or bottom field as identified by top_field first) is followed by the other field.

If it is set to 1, the output of the decoding process corresponding to this reconstructed 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 first field is
repeated.

If progressive_sequence is equal to 1:

If this flag is set to 0, the output of the decoding process corresponding to this reconstructed frame consists of one frame.

If it is set 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.
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chroma_420_type— If chroma_format is "4:2:0", the value of chroma 420 type shall be the same as progressive frame;
else chroma 420 type has no meaning and shall be equal to zero. This flag exists for historical reasons.

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

e repeat_first field shall be zero (two field duration).

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

e  picture structure shall be "Frame";

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

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

composite_display_flag — This flag is set to 1 to indicate that the following fields that are of use when thg input pi¢tures
have [been coded as (analogue) composite video prior to encoding into a bitstream that complies with this Specificption.
If it i$ 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
pictufe, the information relates to the first field of that frame. The equivalent information( for the second field mpy be
derivgd (there is no way to represent it in the bitstream).
NPTE 1 — The various syntactic elements that are included in the bitstream if composité_display flag is '1' are not used |in the
dgcoding process.

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

v_ax{s— A 1-bit integer used only when the bitstream represents a signal that had previously been encoded according to
PAL kystems. 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 thefi€ld in the eight field sequence used in PAL syptems
or th¢ four field sequence used in NTSC systems as defined inFable 6-15.

Table 6-15 — Definition of field_sequence

Field sequence Frame Field

000 1 1
001 1
010
011
100
101
110
111

Al Bh|JW]lWwWIN]DN
(o2 BN B B N BNV, B BN S I )

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

lati hipi t 1
the T AHHOnNS. 1F 1S-RNOL-COLrrec

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

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

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

6.3.11 Quant matrix extension

Each|quantization matrix has a default set of values. When a sequence _header code is decoded all matrices shall bg reset
to th¢ir default values. User defined matrices may be downloaded and this can occur in a sequence header() of in a
quan{ matrix_extension().

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

With|4:2:2 or 4:4:4 data four matrices are used. Both an intra and a non-intra matrix are provided for both lumipance
blocKs and for chrominance blocks. Note, however, that it is possible to download the same usér.defined matrix int¢ both
the lyminance and chrominance matrix at the same time.

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

0 1 2 3 4 5 6 7
0 8 16 19 22 26 ,27) 29 34
1 16 16 22 24 29529 34 37
19 22 26 27 29 34 34 38
2222 26 27~ 29 34 37 40
2226 2785429 32 35 40 48
26 27 \29 32 35 40 48 58
26 27 29 34 38 46 56 69
27C,29 35 38 46 56 69 83

N O R WN

Figure 6-16 — Default matrix for intra blocks

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

0 1 2 3 4 5 6

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
16 16 16 16 16 16 16 16

N N B WD = O

Figure 6-17 — Default matrix for non-intra blocks

load_intra_quantiser_matrix — This is a one-bit flag which is set to '1' if intra_quantiser matrix follows. If it is set to '0'
then there is no change in the values that shall be used.

intra_gquantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in the default
zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8 (values 1 to 7
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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
chrominance intra matrix may subsequently be loaded with a different matrix.

load_non_intra_quantiser_matrix — This is a one-bit flag which is set to '1' if non_intra_quantiser matrix follows. If it

is set

to '0' then there is no change in the values that shall be used.

non_intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in the
default zigzag scanning order as described in 7.3.1, replace the previous values. For all the 8-bit unsigned 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 non-intra matrix
and the chrominance non-intra matrix. However, the chrominance non-intra matrix may subsequently be loaded with a
different matrix.

load

folloy
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defay
1to 7}
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chror
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s. If 1t is set to ‘0’ then there is no change in the values that shall be used. If chroma format is "4:2: 0", thi
ake the value '0'.

a_intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values;\énc¢oded
It zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8 (3
and 9 to 255 are reserved). For all of the 8-bit unsigned integers, the value zero is forbidden.

[chroma_non_intra_quantiser_matrix — This is a one-bit flag whichp 18 set to 'l
ha non_intra_quantiser matrix follows. If it is set to '0' then there is no change in thg¢"values that shall be us
ha format is "4:2:0", this flag shall take the value '0'".

efault zigzag scanning order as described in 7.3.1, replace the previous values./For all the 8-bit unsigned int
hlue zero is forbidden.

P Picturedisplay extension

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

picture display extension allows the position ofithe display rectangle whose size is specifig

1-Scan.

e centre _horizontal _offset — This is a 16-bit signed integer giving the horizontal offset in units of 1/16th sa|
sitive value shall indicate that the centre of the reconstructed frame lies to the right of the centre of the d
ngle.

e centre vertical_offset — This is all6-bit signed integer giving the vertical offset in units of 1/16th samy
ve value shall indicate that the centre.of the reconstructed frame lies below the centre of the display rectangle.

imensions of the display rectangular region are defined in the sequence_display extension(). The coordinates
h within the coded picture are defined in the picture display extension().

entre of the reconstructed-frame is the centre of the rectangle defined by horizontal size and vertical size.

(in the case of-an-interlaced sequence) a coded picture may relate to one, two or three decoded field
e _display_exténsion() may contain up to three offsets.

umber of frame centre offsets in the picture display extension() shall be defined as follows:

ifipprogressive_sequence == 1) {
if (repeat_first field=="1") {

ed. If

ed in

Pgers,

bding

d in
ation

mple.
splay

le. A

bf the

5, the

F/ top—feld—first=="1")

Htophea—h S
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")
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number of frame centre offsets =3
else
number_of frame centre offsets =2

}

A picture_display extension() shall not occur unless a sequence display extension() followed the previous
sequence_header().

In the case that a given picture does not have a picture_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 contained in the picture display extension() had been present). Following a
sequence header() the value zero shall be used for all frame centre offsets until a picture display extension() defines
non-4ero values.

Figuge 6-18 illustrates the picture display parameters. As shown, the frame centre offsets contained: i the
pictufe display extension() shall specify the position of the centre of the reconstructed frame from the‘cdentre ¢f the
display rectangle.

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

NPTE 2 — Even in a field picture the frame_centre_vertical offset still represents the offset of the centre,of the frame in 1/14™ of a
friame line (not a line in the field).

NPTE 3 — In the example of Figure 6-17 both frame centre horizontal offset and frame centre jvertical offset have nejgative
values.

6.3.1P.1 Pan-scan

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

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

The #:3 aspect ratio region is defined by display horizontal size and display vertical size. The 16:9 frame sjze is
defingd by horizontal size and vertical size.

frame_eentré_horizontal _offset

-y A

frame centre_vertica [_offscIT X
x display_vertical_size

Display
rectangle
Reconstructed frame \ 4

A

»
L g

display horizontal size

H.262(12)_F6-16

Figure 6-18 — Frame centre offset parameters

6.3.13 Picturetemporal scalable extension
NOTE - See also 7.9.

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

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

6.3.14  Picture spatial scalable extension

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

lower _layer_horizontal_offset — This 15 bit signed (two's complement) integer specifies the horizontal offset (of the top
left hand-cornery-of-theupsampledlowerlaverframerelativeto-the-enhancementlaver picture—Ttis-expressedinunits of
the ephancement layer picture sample width. If the chrominance format is 4:2:0 or 4:2:2, then this parameter shal,pe an
even jnumber.

lowef _layer_vertical_offset — This 15 bit signed (two's 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 express€d in units pf the
enhaficement layer picture sample height. If the chrominance format is 4:2:0, then this parameter shall be an|even
number.

spatipl_temporal_weight_code _table index — This 2-bit integer indicates which table of spatial temporal weight
codeq is to be used as defined in 7.7. Permissible values of spatial temporal weight coede table index are defirled in
Tablg 7-21.

lowef _layer_progressive_frame — This flag shall be set to 0 if the lower layer frame is interlaced and shall be sef{to 'l'
if the|lower layer frame is progressive. The use of this flag in the spatial scalabletipsampling process is defined in 7|7.

lowef_layer_deinterlaced_field_select — This flag affects the spatial scalable upsampling process, as defined in 7.7.

6.3.1p Copyright extension
exterlsion_start_code_identifier — This is a 4-bit integer which identifies the extension (see Table 6-2).

copyfight_flag — This is a one bit flag. When copyright flag is set to '1', it indicates that the source video mgterial
encodled in all the coded pictures following the copyright;extension, in coding order, up to the next copyright extgnsion
or enfl of sequence code, is copyrighted. The copyright identifier and copyright number identify the copyrighted ork.
When copyright flag is set to '0', it does not indicate"whether the source video material encoded in all the coded pi¢tures
folloying the copyright extension, in coding order, i$ copyrighted or not.

copyfight_identifier — This is an 8-bit integér given by a Registration Authority as designated by ISO/IEC JTC1/$C29.
Valu¢ zero indicates that this information” is not available. The value of copyright number shall be zero when
copytight identifier is equal to zero.

Wherth copyright flag is set to '0',«copyright identifier has no meaning and shall have the value 0.

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

reserived — This is a 7-bit integer, reserved for future extension. It shall have the value zero.
copyfight_number~1— This is a 20-bit integer, representing bits 44 to 63 of copyright number.
copyfight_namber_2 — This is a 22-bit integer, representing bits 22 to 43 of copyright number.
copyfight>number_3 — This is a 22-bit integer. representing bits 0 to 21 of copyright number.

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

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

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

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

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

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

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

The macroblock row may be calculated as follows:
if ( vertical_size > 2800 )
mb_row = (slice x Pr‘ripn]}nqiﬁnn extension << 7) + slice Verﬁr‘sﬂ_r\nqiﬁnn —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
unlesk slice_vertical position_extension is present in which case slice_vertical position shall be inthe.range [1:128].

priorlity_breakpoint — This is a 7-bit integer that indicates the point in the syntax whete ‘the bitstream shgll be
partitioned. The allowed values and their semantic interpretation is given in Table 7-30 priofity breakpoint shall take the
valug 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 arother
quanfiser_scale code is encountered either in slice() or macroblock(). The value zero-is forbidden.

dice|extension_flag — This flag shall be set to 'l' to indicate the presence-of intra_slice, slice picture id emable,
slice [picture id in the bitstream.

intra slice — This flag shall be set to '0' if any of the macroblocks.in the slice are non-intra macroblocks. If all ¢f the
macrpblocks, are intra macroblocks, then intra_slice may be set to {1,

intra |slice may be omitted from the bitstream (by setting intrayslice flag to '0") in which case it shall be assumed to have
the vilue zero.

intra |slice is not used by the decoding process. intra_sliee is intended to aid a DSM application in performing HF/FR
(see .12).

dlice|picture_id_enable — This flag controls the-semantics of slice picture id. If slice_picture id enable is set fo '0',
slice |picture_id is not used by this Specification and shall have the value zero. If slice picture id enable is set fo '1',
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 orpitted
from [the bitstream (by setting slice ‘\extension flag to '0") in which case it shall be assumed to have the value zero.

slice |picture_id_enable is not'used by the decoding process.

dlice|picture id — Thissis\a 6-bit integer. If slice picture id enable is set to '0', slice picture id is not used by this
Specification and shall have the value zero. If slice picture id enable is set to '1', slice picture id is application dgfined
and may have any value, with the constraint that slice_picture id shall have the same value in all the slices of a pictyre.

slice [picture_id\is not used by the decoding process. slice picture id is intended to aid recovery on severe burpts of
errory for cerfain types of applications. For example, the application may increment slice picture id with|each
transittéd picture, so that in case of severe burst error, when several slices are lost, the decoder can know if thq slice
folloring the burst error belongs to the current picture or to another picture, which may be the case if at least a pjcture
header has been lost.

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

extra_information_slice — Reserved. A decoder conforming to this Specification that encounters
extra_information_slice 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.
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6.3.17 Macroblock

NOTE - "macroblock_stuffing" which is supported in ISO/IEC 11172-2 shall not be used in a bitstream defined by this
Specification.

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

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

macroblock_address_increment — This is a variable length coded integer coded as per Table B.1 which indicates the
difference  between macroblock address and  previous macroblock address. The maximum value of
macrpblock address_increment is 33. Values greater than this can be encoded using the macroblock escape codewgrd.

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

The previous macroblock address is a variable defining the absolute position of the last non-skippeddmacroblock (see
7.6.6| for the definition of skipped macroblocks) except at the start of a slice. At f‘the start of a|slice
previpus 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/(mib_column) can be computed| from
the nfacroblock address as follows:

mb_column = macroblock address %-mb_width

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

Except at the start of a slice, if the value of macroblock addresstecovered from macroblock address_increment aijd the
macrpblock escape codes (if any) differs from the previeus macroblock address by more than one then [some
macrpblocks have been skipped. It is a requirement that:

e There shall be no skipped macroblocks inJ-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 beyno skipped macroblocks immediately following a macroblock in Wwhich
macroblock intra is one,

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

6.3.1V.1 Macroblock modes

mactjoblock _type — Variable length coded indicator which indicates the method of coding and content df the
macrpblock according/to, Pables B.2 through B.8, selected by picture coding_type and scalable mode.

mactjoblock _quani~ Derived from macroblock type according to Tables B.2 through B.8. This is set to 1 to indlicate
that duantiser .Scale_code is present in the bitstream.

macrjoblock>motion_forward — Derived from macroblock type according to Tables B.2 through B.8. This flag affects
the bitstream syntax and is used by the decoding process.

macroblock_motion_backward — Derived from macroblock type according to Tables B.2 through B.8. This flag
affects the bitstream syntax and is used by the decoding process.

macroblock_pattern — Derived from macroblock_type according to Tables B.2 through B.8. This is set to 1 to indicate
that coded block pattern() is present in the bitstream.

macroblock_intra— Derived from macroblock type according to Tables B.2 through B.8. This flag affects the bitstream
syntax and is used by the decoding process.

spatial_temporal_weight_code flag - Derived from the macroblock type. This indicates whether the
spatial temporal weight code is present in the bitstream.
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When spatial temporal weight code flag is '0' (indicating that spatial temporal weight code is not present
in the bitstream)  the  spatial temporal weight class is derived from Tables B.5 to B.7. When
spatial temporal weight code flag is 'l' spatial temporal 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 description of how
to form the spatial scalable prediction is given in 7.7.

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

Table 6-17 — M eaning of frame_motion_type

Code Sp?},i 21 Eg?r?,&clrcaj Prediction type mori?:;&?ctor 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 frajne pred frame dct is equal to 1 then frame motion_type is omitted from the bitstream. In this case motion yector
decodling and prediction formation shall be performed as if frame motion_type had.indicated "Frame-based predictipn".

In th¢ case of intra macroblocks (in a frame picture) when concealment motion-Vvectors is equal to 1 frame motion| type
is nof present in the bitstream. In this case motion vector decoding and update of the motion vector predictors shpll be
performed as if frame motion_type had indicated "Frame-based" (see 7%6.3:9).

fieldmotion_type— This is a two bit code indicating the macrobleckyprediction type, defined in Table 6-18.

Table 6-18 — M eaning:of.field_motion_type

Code Sp?;li gl gﬁ?ﬁf):srsaj Prediction typc mori%ga\:ﬁctor mv_format dmv
00 Reserved
01 0,1 Field-based 1 Field 0
10 0,1 16 X8 MC 2 Field 0
11 0 Dual-Prime 1 Field 1

In th¢ case of intra macroblecks (in a field picture) when concealment_motion_vectors is equal to 1 field motion_type is
not piresent in the bitstream. In this case, motion vector decoding and update of the motion vector predictors shall be
performed as if fieldymotion_type had indicated "Field-based" (see 7.6.3.9).

dct_tlype — This-isa flag indicating whether the macroblock is frame DCT coded or field DCT coded. If this is setfto '1',
the nfacroblock.is'field DCT coded.

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

Table 6-19 — Value of dct_typeif dct_typeisnot in the bitstream

Condition dct_type
picture_structure == "field" Unused because there is no frame/field distinction in a
field picture.
frame pred frame dct== 0 ("frame")

!(macroblock _intra || macroblock pattern) Unused — Macroblock is not coded

Unused — Macroblock is not coded

macroblock is skipped
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6.3.17.2 Motion vectors

motion_vector_count is derived from field motion_type or frame motion_type as indicated in Tables 6-17 and 6-18.

mv_format is derived from field motion type or frame motion type as indicated in Tables 6-17 and 6-18. mv_format
indicates if the motion vector is a field-motion vector or a frame-motion vector. mv_format is used in the syntax of the
motion vectors and in the process of motion vector prediction.

dmv is derived 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 prediction. If
motion_vertical field select[r][s] is zero, then the top reference field shall be used, if it is one then the bottom reference
field shall be used. (See Table 7-7 for the meaning of the indices r and s.)
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bn_code[r][][t] — This is a variable length code, as defined in Table B.10, which is used in motion vecter dec
kcribed in 7.6.3.1. (See Table 7-7 for the meaning of the indices r, s and t.)

bn_residual[r][s][t] — This is an integer which is used in motion vector decoding as described in/7.6.3.1. (See
r the meaning of the indices r, s and t.) The number of bits in the bitstream for motion_residualfr][s][t], r_s
ed from f code[s][t] as follows:

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

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

bctor [t] — This is a variable length code, as defined in Table B.11, which is-used in motion vector decodi
ibed in 7.6.3.6. (See Table 7-7 for the meaning of the index t.)

/.4 Coded block pattern
[l block_pattern_420 — A variable length code that is used to detive the variable cbp according to Table B.9.
| block_pattern_1

_block_pattern_2 —For 4:2:2 and 4:4:4 data the coded block pattern is extended by the addition of either a ty
bit fixed length code, coded block pattern 1 or coded block pattern 2. Then the pattern codel[i] is derived
llowing:

for(1=0;1<12;i4++) {
if (macroblock intra)
pattern_code[i] = 1;
else
pattern_code[i] =05

if (macroblock pattern)~{

for (i=0; 1 <-63i4+)

if (cbp&’(1<<(5 —1)) ) pattern_code[i] = 1;
if (chrofma-format == "4:2:2")

for(1=6;1<8;i++)

if (coded block pattern 1 & (1<<(7 —1)) ) pattern_codel[i] = 1;

if'(chroma_format == "4:4:4")

for(1=6;1<12;i++)

bding

Table
ze, 1S

ng as

o bit
using

if (coded block pattern 2 & (1<<(11 —1)) ) pattern_code[i] = 1;

j

If pattern_code[i] equals to 1, i =0 to (block count-1), then the block number i defined in Figures 6-10, 6-11 and 6-12 is
contained in this macroblock.

The number "block count" which determines the number of blocks in the macroblock is derived from the chrominance
format as shown in Table 6-20.
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Table 6-20 — block _count asa function of chroma_for mat

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

6.3.18 Block

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

6.3.1p Camera parametersextension
camera_id — The number in camera_id identifies a camera.

height_of_image_device — This is a 22-bit unsigned integer which specifies the height of image device. Its value]
be me¢asured 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
resolfition 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 define
(foca] length)/(effective aperture of lens). Its value shall be measured to a resolution @£0.001 and having a range o
to 4 194.303.

vertical_angle of_view — This is a 22-bit unsigned integer which specifies the vertical angle of the field of vi
determined between the top and bottom edges of the image device. Its valtie'shall be measured to a resolution of 0
degrde and having a range of zero to 180 degrees.

camegra_position_x_upper, camera_position_y_upper, camera.position_z_upper — These words constitute tl
most|significant bits of camera_position_x, camera_position_y and camera_position_z respectively.

camgra_position_x_lower, camera position_y lower, camera position_z lower — These words constitute tl
least pignificant bits of camera_position_x, camera_position® y and camera_position_z respectively.

camgra_position_x, camera_position_y, camera_position_z — A set of these values specifies the position of the o
princjpal point of the camera in a user-specified, wotld coordinate system. Each of these values shall be measure
tion of 0,001 millimeter and having a range*of +2 147 483.647 mm to —2 147 483.648 mm. The camera_posit]

most| significant bits are defined in_camera position x upper. The camera position y is a 32-bit signed
compllement) integer, the 16 least significant bits are defined in camera position_y lower, the 16 most significar
are dpfined in camera position y.upper. The camera position z is a 32-bit signed (two's complement) integer, t
least | significant bits are defined in camera position z lower, the 16 most significant bits are defing
camefa position_z_upper.

camgra_direction_x, camera_direction_y, camera_direction_z — A set of these values specifies the direction
camefa. The direction‘of'the camera is defined by using the vector from optical principal point to a point which is in
of th¢ camera and.is‘on the optical axis of the camera. Each of these values is a 22-bit signed (two's complement) if
and Having a rafige'of +2 097 151 to —2 097 152.

image plafie-vertical_x, image plane vertical_y, image plane vertical_z — A set of these values specifies the
direction_of the camera. The upper direction of the camera is defined by using the vector which is parallel to th
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Figure 6-19 explains these terms pictorially.
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6.3.2D ITU-T extension
The yse of this extension is defined in Annex A of Rec. ITHU-T H.320.

6.3.2l Content description data

data|type upper, data type lower — Two)*8-bit unsigned integer values containing the most significant and| least
significant bits, respectively, of the value of the 16-bit unsigned integer data type that defines the type of cqntent
descrjiption data. The semantics of datastype are defined in Table 6-21.

Table 6-21 — data_typevalues

\alue Meaning
00006000 0000 0000 | reserved
0000-0000 0000 0001 [ padding bytes
0000 0000 0000 0010 | capture timecode
0000 0000 0000 0011 additional pan-scan parameters
0000 0000 0000 0100 | active region window
0000 0000 0000 0101 coded picture length
0000 0000 0000 0110 | reserved
reserved
111 1111 1111 1111 | reserved

data length — An 8-bit unsigned integer specifying the remaining amount of data to follow within the remainder of the
content description data structure, expressed in units of 9 bits. The number of bits of data that follow within the
remainder of the content description data structure shall be equal to data length * 9.

reserved_content_description_data— Reserved  8-bit  unsigned integer. A  decoder that encounters
reserved_content_description_data 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.
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In the case that a decoder encounters a data type unsigned integer that is described as "reserved" in Table 6-21, the
decoder shall discard the subsequent pairings of marker bit and reserved content description data which follow
data length in the bitstream. The number of such pairings shall be equal to data length. This requirement allows future
definition of compatible extensions to this Specification.

reserved_bit — Reserved 1-bit unsigned integer. It shall be equal to '0' in bitstreams conforming to this Specification.
The value 'l' is reserved for future backward-compatible use by ITU-T | ISO/IEC. A decoder conforming to this
Specification shall allow either a value of '0' or '1' for reserved bit.

6.3.21.1 Padding bytes

padding_byte— An 8-bit string, which shall be equal to '0000 0000'. All other values are forbidden.
NOTE — The purpose of padding bytes is to allow inclusion of a number of bytes of data that are included in VBV calculations.

6.3.2.2 Capturetimecode

The ¢

It co
pres

apture timecode describes the source capture or creation time of the fields or frames of the content.

tains absolute timestamps for the associated frame or fields. Only one capture timecode for each,picture sh
t in the bitstream. This timecode shall not take precedence over any timecode specified\for presentati

hll be
bn or

decodling at a systems multiplex level, for example the presentation time stamps or decoding time, stamps defined in] Rec.
ITU-[l H.222.0 | ISO/IEC 13818-1 [6].

tim
6-22.
indic

ode_type— A 2-bit integer that indicates the number of timestamps associated with/this‘picture as defined in
The values '00', '10', and '11' shall only be used when picture_structure is equal to\Frame-picture'. The value '00'
htes that the two fields that make up the frame have the same capture time. When timecode_type is equal to 'l

Table

' the

first fimestamp pertains to the first field of the frame and the second timestamp pettains to the second field of the frgme.

coun
field

Table 6-22 —timecode _type values

Value Meaning
00 one timestamp for the frame
01 one timestamp for the first or only field
10 one timestamp for, the'second field
11 two timestamps; one for each of two fields

ing_type — A 3-bit integer that indicates the-method used for compensating the nframes parameter of the fra
Capture timestamps to reduce drift accamulation in the remaining parameters of each timestamp.

Table 6-23 — counting_type values

ne or

Value Meaning

000 nframes parameter not used

001 no dropping of nframes count values

010 dropping of individual zero values of nframes count

011 dropping of individual max_nframes values of nframes count

100 dropping of the two lowest (values 0 and 1) nframes counts when
units_of seconds and tens_of seconds are zero and
units_of minutes is not zero

101 dropping of unspecified individual nframes count values

110 dropping of unspecified numbers of unspecified nframes count
values

111 reserved

nframes _conversion_code — A 1-bit unsigned integer that indicates a conversion factor to be used in determining the
amount of time indicated by the nframes parameters of each frame or field capture timestamp. The factor specified is

1000

+ nframes_conversion code.

clock_divisor — A 7-bit unsigned integer that contains the number of divisions of the 27 MHz system clock to be applied
for generating the equivalent timestamp for each frame or field capture timestamp.
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nframes_multiplier_upper, nframes multiplier_lower — The most significant and least significant bits, respectively,

of nframes multiplier.

nframes multiplier — An unsigned integer multiplier used for generating the equivalent timestamp for each frame or

field capture timestamp as specified by nframes_multiplier upper and nframes multiplier lower.

6.3.21.2.1 Frameor field capturetimestamp

nframes — An 8-bit unsigned integer containing the number of frame time increments to add in deriving the equivalent
timestamp. The value of nframes shall not be greater than the value of max_nframes as derived by the following formula:

max_nframes= (26 999 999) / (nframes_multiplier *
(1000 + nframes_conversion_code) * clock divisor)

h [T TR L 1 L R 1 41
WNEre™ 7 IIIAICatcs tIc UIVISTOI UpClalul UCIHIICU T =. 1.

time|discontinuity — A 1-bit flag that indicates if a discontinuity in time or timebase between the previous-time
and the current timestamp has occurred. If set to '0', the time difference that can be calculated between thig currern
previpus timestamps is the ideal display duration of the previous frame or field. If set to '1', the time difference th:
be c:[‘culated between the current and previous timestamps has no defined meaning. If editing occurs‘that results in
or timhebase discontinuities or if the previous field or frame timestamp is unavailable, the time discontinuity bit sh|
settol'l".

prior]_count_dropped — A 1-bit flag indicating whether the counting of one or more valties of the nframes para
was {lropped in order to reduce drift accumulation in the remaining parameters of \thé timestamp. Shall be z
counfing_type is '001'. Shall be zero if counting type is '010' and nframes is (not equal to 1. Shall be zg
counfing_type is '011' and nframes is not equal to 0. Shall be zero if counting_type.is100' and nframes is not equal

time|offset_part_a— A 6-bit integer containing the most significant bits of time) offset.
time|offset_part_b — An 8-bit unsigned integer containing the second mest)significant bits of time_offset.
time|offset_part_c— An 8 bit unsigned integer containing the third miest significant bits of time_offset.
time|offset_part_d — An 8-bit unsigned integer containing the least significant bits of time offset.

time|offset — A two's complement signed 30-bit integer that'is the number of clock cycles (in original 27 MHz s)
clocK cycles or with a clock frequency modified by clock-divisor) offset from the time specified by the other paran
of th¢ frame or field capture timestamp in order to specify the equivalent timestamp for when the current field or
was ¢aptured. When counting_type is 0, the valuecof time offset shall be constrained by the encoder to be less
27 040 000 in magnitude.

unitgd of _seconds — A 4-bit unsigned integer that is used to calculate the equivalent timestamp. It represents the p
of th¢ timestamp of this field or frame that'iS measured in seconds modulo 10. Table 6-24 defines the allowed ran
valugs.

Table 6-24 — units_of seconds values

Valye Meaning
0000-1001 number of seconds modulo 10
1010-1111 forbidden

tens [of seconds — A 4-bit unsigned integer that is used to calculate the equivalent timestamp. It represents the port
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the tinestamp of this field or frame that is measured in seconds divided by 10. Table 6-25 defines the allowed rar

Table 6-25 —tens of secondsvalues

Value Meaning
0000-0101 number of seconds / 10
0110-1111 forbidden

units of_minutes — A 4-bit integer that is used to calculate the equivalent timestamp. It represents the portion of the
timestamp of this field or frame that is measured in minutes modulo 10. Table 6-26 defines the allowed range of values.
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Table 6-26 — units_of minutesvalues

Value M eaning
0000-1001 number of minutes modulo 10
1010-1111 forbidden

tens of_minutes — A 4-bit integer that is used to calculate the equivalent timestamp. It represents the portion of the
timestamp of this field or frame that is measured in seconds divided by 10. Table 6-27 defines the allowed range of
values.

Fabte-27=tensof mmutesvatues
Value Meaning
0000-0101 number of minutes / 10
0110-1111 forbidden

unitg of_hours — A 4-bit integer that is used to calculate the equivalent timestamp. It represents the portion ¢f the
timestamp of this field or frame that is measured in hours modulo 10. Table 6-28 defines the allowed range of valyes. It
shall hot exceed a value of "3" if tens_of hours is equal to "2".

Table 6-28 — units of hoursvalues

Value Meaning
0000-1001 number of hours modulo 10
1010-1111 forbidden

tens |of _hours— A 4-bit integer that is used to calculate the equivalent timestamp. This field represents the portion pf the
timestamp of this field or frame that is measured in hours divided by 10. Table 6-29 defines the allowed range of values.

Table 6-29.Atens of hoursvalues

Value M eaning
0000-0010 number of hours / 10
0011-1111 forbidden

Wheth counting type is 0, an equivalent timestamp represented in 27 MHz system clock cycles is defined by the
folloying formula:

equivalent_timestamp = (60 * (60 * (units_of hours + 10 * tens_of hours) +
(units_of minutes + 10 * tens_of minutes)) +
units_of seconds + 10 * tens_of seconds) * 27 000 000 + time_offset

Wheth counting/type is 0, the values of the parameters within the timestamp shall be constrained by the encoder such that
equivjalent_timestamp shall not be less than 0 and shall not exceed 2 332 799 999 999.

When counting type is not 0, an equivalent timestamp represented in 27 MHz system clock cycles is defined Hy the
folloying formula:

equivalent_timestamp = (60 * (60 * (units_of hours + 10 * tens_of hours) +
(units_of minutes + 10 * tens_of minutes)) +
units_of seconds + 10 * tens_of seconds) * 27 000 000 +
(nframes * (nframes_multiplier * (1000 + nframes_conversion_code)) +
time_offset) * clock divisor

When counting_type is not 0, the values of the parameters within the timecode shall be constrained by the encoder such
that equivalent_timestamp shall not be less than 0.

Two identical equivalent timestamps calculated from consecutive frames (or fields) without an intervening
time discontinuity indicate that both frames (or fields) were captured or created at the same instant in time.
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6.3.21.3 Additional pan-scan parameters

Additional pan-scan parameters allow carriage of pan-scan information for more than one display type. For example, if
the information encoded for a pan-scan process in the sequence header, sequence display extension, and picture display
extension is used to define the parameters needed for representation on a 4:3 aspect ratio display, the additional pan-scan
parameters can define the parameters needed for display on a 16:9 aspect ratio display.

aspect_ratio_information — A 4-bit integer value that is defined in 6.3.3 (sequence header). A value for
aspect_ratio_information which is equal to the value specified in the sequence header() shall not occur.

display_size present — A 1-bit flag, when set to '1', indicates the presence of the display horizontal size upper,
display horizontal size lower, display vertical size upper, and display vertical size lower parameters. When set to
'0", the previous values of display horizontal size and display vertical size corresponding to the value of

aspect_ratio information shall be used. For a specific aspect ratio, this field should be set to '1' in the first picture header
after pny sequence header(). Following a sequence_header(), the value of display horizontal size and
display vertical size shall be the value defined in the sequence display extension().

displpy_horizontal_size upper — The 6 most significant bits of display_horizontal size.
displpy_horizontal_size lower — The 8 least significant bits of display_horizontal_size.

displpy_horizontal_size — A 14-bit integer value defined in 6.3.6 (sequence display extension), For-any specific value of
aspedt ratio information, the value of this parameter shall remain the same for the sequence,

displpy vertical_size upper — The 6 most significant bits of display_vertical size.
displpy_vertical_size lower — The 8 least significant bits of display vertical size.

displpy_vertical_size — A 14-bit integer value defined in 6.3.6 (sequence display extension). For any specific value of
aspedt_ratio_information, the value of this parameter shall remain the same for the sequence.

framp_centre_horizontal_offset_upper, frame_centre_horizontal_offset’ l[ower — The 8 most significant and| least
significant bits, respectively, of frame centre horizontal offset.

frame_centre_horizontal_offset — A 16-bit signed integer defined'in 6.3.12 (picture display extension).

frame_centre vertical_offset_upper, frame centre vertical offset lower — The 8 most significant and |least
significant bits, respectively, of frame centre vertical offsét:

frame_centre vertical_offset — A 16-bit signed integer defined in 6.3.12 (picture display extension). Followjing a
sequgnce header(), the value zero shall be used for-all frame centre offsets until a picture display extension() d¢fines
non-gero values.

number_of_frame _centre offsets— An integer defined in 6.3.12. Following a sequence header, the value zero shpll be
used [for all frame centre offsets until a picture display extension defines non-zero values.

6.3.21.4 Activeregion window

The gctive region window cofitains integers that define the rectangle in the reconstructed frame that is intended [to be
displayed. This window shallynot be larger than the rectangle defined by the horizontal size and vertical size dg¢fined
in 6.3.3. No more than On¢*active region window for each picture shall be present in the bitstream. When a frane is
coded as two field pictures, the active region window shall not be present in the second field picture.

top_lleft_x_upperytop_left x_lower — The 8 most significant and least significant bits, respectively, of top_left x.

top_left_x <A 16-bit integer that defines the sample number within a line of the luminance component ih the
recorstructed frame that, together with top left y, specifies the upper left corner of the active region winflow's
rectangle;

top_left_y upper, top_left y lower — The 8 most significant and least significant bits, respectively, of top_left y.

top_left_y — A 16-bit integer that defines the line number for the luminance component in the reconstructed frame that,
together with top_left x, specifies the upper left corner of the active_region window's rectangle.

active region_horizontal_size upper, active region_horizontal_size lower — The 8 most significant and least
significant bits, respectively, of active_region horizontal size.

active region_horizontal_size — A 16-bit integer that, together with active region_vertical size, defines a rectangle
within the luminance component that may be considered the active region. If this rectangle is smaller than the encoded
frame size, then the display process should display only that portion of the encoded frame. This value shall not be larger
than the horizontal size of the encoded frame. The value of '0' indicates that the size is unknown.
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active region_vertical_size upper, active region_vertical_size lower — The 8 most significant and least significant
bits, respectively, of active_region_vertical_size.

active region_vertical_size — See the definition for active region horizontal _size. This value shall not be larger than
the vertical size of the encoded frame. The value of '0' indicates that the size is unknown.

In the case that a given frame does not have an active region window present in the bitstream, then the most recently
decoded active region window shall be used. Following a sequence header, the active region window parameters
active_region_horizontal size and active region vertical size shall be reset to the values of horizontal size and
vertical_size defined in the sequence header, and top left x and top_left y shall be reset to 0.

6.3.21.5 Coded picturelength

The coded picture length specifies the number of bytes included from the first byte immediately following the first
slice [start code of a picture to the first byte of the start code prefix immediately following the last macroblock ¢f the
pictufe. Not more than one coded picture length for each picture shall be present in the bitstream.

picture byte count_part_a, picture byte count_part_b, picture byte count_part_c, picture byte caunt part d
— The¢ 8 most significant, second most significant, third most significant, and least significant bits, respectively, ¢f the
pictufe byte count.

picture_byte count — A 32-bit unsigned integer that indicates the number of bytes starting with the first byte of the first
slice [start code of the current picture and ending with the byte preceding the start code prefix immediately following the
last tpacroblock of that picture. The value '0' is permitted. The value '0' indicates that ‘the length of the pictyire is
unknpwn.

7 The video decoding process
This flause specifies the decoding process that a decoder shall perform toxe¢onstruct frames from the coded bitstregm.

The [[DCT function used in the decoding process for computation of f[y][x] may use any method of infegral
apprdximation of the mathematical integer-number IDCT defined*in"Annex A, provided the approximation conforins to
the a¢gcuracy requirements specified in Annex A.

In 7.] through 7.6 the simplest decoding process is specified in which no scalability features are used. Subclaus¢s 7.7
to 7.11 specify the decoding process when scalable ekfensions are used. Subclause 7.12 defines the output qf the
decodling process.

Figute 7-1 is a diagram of the video decoding process without any scalability. The diagram is simplified for clarity.

NPTE — Throughout this Specification two dith¢nsional arrays are represented as name[q][p] where 'q' is the index in the vprtical
dimension and 'p' the index in the horizontalhdimension.

QFS[n] QF[v][u]

Coded Variable
é\ - > length » Inverse scan R .
ata dCCOding ramestore memory

Inverse Motion Decoded
> N » Inverse DCT > e > ixels
quantisation compensation pixels
H.262(12)_F7-1

F[v][u] flyllx] d [y][x]

Figure 7-1 — Simplified video decoding process
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7.1 Higher syntactic structures

The various parameters and flags in the bitstream for macroblock() and all syntactic structures above macroblock() shall
be interpreted as indicated in clause 6. Many of these parameters and flags affect the decoding process described in the
following subclauses. Once all of the macroblocks in a given picture have been processed, the entire picture 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 prqgressive sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall be_qutput
from [the decoding process at regular intervals of the field period as shown in Figure 7-20. In the case that a ffame pjcture
has rgpeat first field == 1 the first field of the frame shall be repeated after the second field. (See "repeat/first field"
in 6.3.10.)

7.2 Variablelength decoding

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

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

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

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

7.2.1 DC coefficientsin intra blocks

DC coefficients in blocks in intra macroblocks are encoded as a variable length code denoting dct dc_size as defined in
Tables B.12 and B.13. If dct dc size is not equal to zero, then this shall be followed by a fixed length code,
dct dc_differential, of dct dc_size bits. A differential value is first recovered from the coded data which is added to a
predictor in order to recover the final decoded coefficient.

If cc is zero then Table B.12 shall be used for dct dc size. If cc is non-zero, then Table B.13 shall be used for
det dc_size.
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Three predictors are maintained, one for each of the colour components, cc. Each time a DC coefficient in a block in an
intra macroblock is decoded the predictor is added to the differential to recover the actual coefficient. Then the predictor
shall be set to the value of the coefficient just decoded. At various times, as described below, the predictors shall be reset.
The reset value is derived from the parameter intra_dc_precision as specified in Table 7-2.

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

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

The gredictors 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.
The predictors are denoted dct_dc_pred[cc].
QFSJI0] shall be calculated from dct_dc_size and dct_dc_differential by any process_equivalent to:

if (det_dc size==0) {
det diff=0;
} else {
half range =2 " (dct dc size-1);
if (dct_dc_differential > = half range )
det diff =dct dc_ differential;
else
det diff = (dct_dc_differential + 1) - (2% half range);
}
QFS[0] =dct dc_pred[cc] + dct_diff;
det dc_pred[cc] = QFS[0]
NPTE 1 — The symbol * denotes power (not XOR).
NPTE 2 — dct_diff and half range are temporary variables which are not used elsewhere in this Specification.

It is 4 requirement of the bitstream that. QFS[0] shall lie in the range:
0 to ((2*(8 + intra_dc_precision)) - 1)

722 Other coefficients

All cpefficients with-the exception of the DC intra coefficients shall be encoded using Tables B.14, B.15 and B.16.
In all|cases a variable length code shall first be decoded using either Table B.14 or Table B.15. The decoded value qf this
code denotes_one-of three courses of action:

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

1 P N 1 o1 10 1 + b — £
UCTIUICU Uy LIIU O UIOUK - T UIT S yIIdX SPCUITICAUUIT U0, 2.0,

2) A "normal" coefficient in which a value of run and level is decoded followed by a single bit, s, giving the
sign of the coefficient signed level is computed from level 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);

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

70 Rec. ITU-T H.262 (02/2012)


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

|SO/IEC 13818-2:2013 (E)

7221 Tableselection
Table 7-3 indicates which Table shall be used for decoding the DCT coefficients.

7.2.2|2 First coefficient of a non-intra block

Table 7-3 — Selection of DCT coefficient VL C tables

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

In th¢ case of the first coefficient of a non-intra block (a block in a non-intra macroblock) Table B3l14%s modified as

indi

cqted 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 Hnd of
blocH as the first coefficient of a block (the block would be "not coded" in this case) no possibility for ambiguity exists.

The

7.2.

2|3 Escape coding

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".

NPTE — 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. Tabl
sHall therefore not be modified as the first coefficient that uses Table B.14 is the second coefficient in the block.

B.14

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.

Tab

This |s followed by a 12-bit fixed length code giving the values of "signed level".
NPTE — Attention is drawn to the fact that the escape codifigymethod used in this Specification is different to that used in ISP/IEC

7.2.

To sy

g B.16 defines the escape coding method. The Escape VL€ is followed by a 6-bit fixed length code giving

11172-2.

214  Summary

eob_not read = 1;
while ( eob_not read )
{
<decode VLC;decode Escape coded coefficient if required>
if ( <decoded VLC indicates End of block> ) {
egbnot read = 0;
while (n < 64) {
QFS[n] = 0;
n=n+1;

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

}
QFS[n] = signed level
n=n+1;
}
}

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

Rec. ITU-T H.262 (02/2012)

n

run-.

mmarise 7.2.2, the variable length decoding process shall be equivalent to the following. At the start of this process
n sha]l take the value zero for non-intra blocks and one for intra blocks.
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7.3 Inverse scan
Let the data at the output of the variable length decoder be denoted by QFS[n]. n is in the range 0 to 63.

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

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

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] = QFS[scan[alternate_scan][v][u]]
NPTE — The scan patterns defined here are often referred to as "zigzag scanning order".

1 2 4 7 13 16 26 29 \42

2 3 8 12 17 25 30,41 43

3 9 11 18 24 31 €407 44 53

4 10 19 23 32 (89 45 52 54

5 20 22 33 .88\ 46 51 55 60

6 21 34 3747 50 56 59 61

\Y 7 35 36, 48 49 57 58 62 63

Figure7-2 — Definition of scan[0][v][u]

1 1 5 7 21 23 37 39 53

2 2 8 19 24 34 40 50 54

3 3 9 18 25 35 41 51 55

4 10 17 26 30 42 46 56 60

5 11 16 27 31 43 47 57 61

6 12 15 28 32 44 48 58 62

\Y 7 13 14 29 33 45 49 59 63

Figure 7-3 — Definition of scan[1][v][u]
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Inver se scan for matrix download

When the quantization 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 quantizer 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 quantizer (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; ut+)
Wiw][v][u] = W'[w][scan[0][v][u]]

7.4
The

I nver se quantization

o-dimensional array of coefficients, QF[v][u], is inverse quantized to produce the reconstructed DCTeoeffic

This [process is essentially a multiplication by the quantizer step size. The quantizer step size is medified by
mechanisms; a weighting matrix is used to modify the step size within a block and a scale factor is usedsint order th
step dize can be modified at the cost of only a few bits (as compared to encoding an entire new weighting matrix).

Figute 7-4 illustrates the overall inverse quantization process. After the appropriate inverse quantization arithmet

resul
the fi|

N
erf

741
The I

ing coefficients, F"[v][u], are saturated to yield F'[v][u] and then a mismatch control operation is performed t
hal reconstructed DCT coefficients, F[v][u].

DTE — Attention is drawn to the fact that the method of achieving mismatch control ifi“this Specification is different {
hployed by ISO/IEC 11172-2.

OFv][u] F[v][u] F[v]ia) FV[u]
Inverse i )
——» quantization »  Saturatién > lsmau]:
arithmetic contro
4 A

H.262(12)_F7-4

quantiser_scale_code

W w][v][u]

Figure 7-4 — I nver se quantization process

Intra DC coefficient

DC coefficients of-infra-coded blocks shall be inverse quantized in a different manner to all other coefficients.

In infra blocks F"[0}{0] shall be obtained by multiplying QF[0][0] by a constant multiplier, intra_dc_mult, (const

the s
parar]
intra |

ense that 4648 not modified by either the weighting matrix or the scale factor). The multiplier is related {
heter intrasdc_precision that is encoded in the picture coding extension. Table 7-4 specifies the relation bef
[dc_precision and intra_dc_mult.

ients.
F two
t the

c the
give

o that

hnt in
0 the
'ween

Thus

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

Table 7-4 — Relation between intra_dc_precision and intra_dc_mult

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

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

7.4.21 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.

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

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

7.4.2[2 Quantizer scalefactor

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

q_scdle_type (encoded in the picture coding extension) indicates“which of two mappings between quantiser_scale| code
and quantiser_scale shall apply. Table 7-6 shows the two mappings between quantiser_scale code and quantiser scgle.

7.4.2[3 Reconstruction formulae

The following equation specifies the arithmetic to.rxeconstruct F"[v][u] from QF[v][u] (for all coefficients excepf intra
DC cpefficients).

F'"[v][u] = (2 x QF[v][u] + k) X W[w][v][u] X quantiser scale /32
wherg:
intra blocks

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

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

7.4.3 Saturation

The doefficients resulting from the inverse quantization arithmetic are saturated to lie in the range [-2048:42047]. Thus:

2047 F[v][u] >2047
F'Iv][u] —2048<F'Tv][u] <2047
~2048  F'[v][u] <—2048

Flv][u] =

7.4.4 Mismatch control

Mismatch control shall be performed by any process equivalent to the following. Firstly all of the reconstructed,
saturated coefficients, F'[v][u] in the block shall be summed. This value is then tested to determine whether it is odd or
even. If the sum is even then a correction shall be made to just one coefficient; F[7][7]. Thus:
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v<8 u<g®

sum = » > F[v][u]

v=0u=0
F[v][u] = F'[v][u] for all u, v exceptu=v =7

F'[7][7] if sum is odd
F[7][7] = < |F[71[7] =1 if F'[7][7] is odd
F'[7][7] +1 if F'[7][7] iseven

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

of

€1
ng

m

significant bit of the two's complement representation of the coefficient. Also since only the "oddness" or "evenness" of the

NPTE 2 — Warning — Small non-zero inputs to the IDCT may result in all-zero output for some IDCT approximatioq]
cqnform to the requirements specified in Annex A. If this occurs in an encoder, a mismatch may occur in decoders that
diffferent conforming IDCT approximation than the approximation used in modelling the decoding process within‘the encod

oywn IDCT function approximation. If this action is not taken by the encoder, situations can arise where large and very Y

interest an exclusive OR (of just the least significant bit) may be used to calculate "sum".

coder should avoid this problem and may do so by checking the output of its own IDCT approximation. t ‘should ensure
ver inserts any non-zero coefficients into the bitstream when the block in question reconstructs to zéro) through the end

smatches between the state of the encoder and decoder occur.

um is

s that
use a

br. An
that it

oder's
isible
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Table 7-6 — Relation between quantiser _scale and quantiser_scale code

quantiser_scale[g_scale_type]
guantiser_scale _code g_scale type=0 g_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
7.4.5 Sumimary
In summatyythe inverse quantization process is any process numerically equivalent to:
for (v=0; v < 8;v++) {

for (u=0;u< 8u++) {
if ((u==0) && (v==0) && (macroblock intra)) {
F"[v][u] = intra_dc_mult * QF[v][u];
} else {
if ( macroblock intra ) {
F"[v][u] = ( QF[v][u] * W[w][V][u] * quantiser_scale * 2 )/ 32;
} else {
F'[vI[ul = ( ((QF[v][u] * 2)+ Sign(QF[vI[ul) ) * W[wI[V][u]

* quantiser_scale ) / 32;

76 Rec. ITU-T H.262 (02/2012)


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

|SO/IEC 13818-2:2013 (E)

7.5

Once
speci

7.5.1
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How
samp

7.6

H
sum = 0;
for (v=0; v < 8;v++) {
for (u=0;u < 8u++) {
if (F"[v][u] >2047) {
F'[v][u] =2047;
} else {
if (F"[v][u] <2048 ) {
F'[v][u] =-2048;
}else {
Ehdbu}=Ffful;
)
H
sum = sum + F'[v][u];
F[v][u] = F'[v][u];
H

if (sum & 1)==0) {
if (F[7][7] & 1) 1 =0) {
F[7[71=F[71[7] - 1;
} else {
F[7[71=F71[7]1 + 1;

Inverse DCT

Non-coded blocks and skipped macr oblock's

le domain coefficients f[y][x] for Such a block shall all take the value zero.

M otion compensation

the DCT coefficients, F[v][u] are reconstructed, an IDCT function that conforms to the accuracy requirements
fied in Annex A shall be applied to obtain the inverse ttansformed values fy][x], which are integers.

hacroblock that is not skipped, if pattern_codefi] is one for a given block in the macroblock, then coefficient data is
ed in the bitstream for that block. This is@decoded using as specified in the preceding clauses.

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

The motion compensation ‘process forms predictions from previously decoded pictures which are combined with the

coeff]
simp

ified diagram of this process.

cient data (from_the) output of the IDCT) in order to recover the final decoded samples. Figure 7-5 shqws a
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e addressing Framestores
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vector [r][s][t]

Additional Scaling Half-sample
dual-prime »  for colour »|  prediction
arithmetic components filtering

A

vector” [r][s][t]

Half-sample
from Vector information Combine
bitstream decoding predictions

p [y][x]

Decoded
pixels

Vector
predictors

Saturation

H.262(12)_F7-5
FLy](x] d [y][x]
Figure 7-5 - Simplified motion compensation process

In gdneral up to four separate predictions are.formed for each block which are combined together to form the| final
prediftion block p[y][x].

In th¢ case of intra-coded macrobloeks\no prediction is formed so that p[y][x] will be zero. The saturation shown in
Figute 7-5 is still required in order to remove negative values and values in excess of 255 (if present) from f[y][x]. [ntra-
coded macroblocks may carry motion vectors known as "concealment motion vectors". Despite this no predictjon is
form¢d in the normal course(of events. This motion vector information is intended for use in the case that bitsfream
errory preclude the decodingof coefficient information. The way in which a decoder shall use this information |s not
specified. The only requitément for these motion vectors is that they shall have the correct syntax for motion vectgrs. A
descrjiption of the way'in which these motion vectors may be used can be found in 7.6.3.9.

For gstablishing-a fequirement of bitstream conformance, a prediction count increment value shall be derived for| each
macrpblock in~a“P-picture as follows. If a macroblock in the current picture is skipped, its prediction count incrgment
valug shall be-equal to 0. Otherwise, its prediction count increment value shall be equal to 1.

For ¢stablishing a requirement of bitstream conformance, for each macroblock in each I-picture and P-pictyre, a
prediction count shall be derived as follows. If a macroblock is an intra-coded macroblock, its prediction count shall be
equal to 0. Otherwise, if the current picture is a field picture and the most recently reconstructed reference picture is also
a field picture or if the current picture is a frame picture and the most recently reconstructed reference picture is also a
frame picture, the prediction count for a macroblock in the current picture shall be equal to the prediction count
increment value plus the value of the prediction count for the macroblock in the most recently reconstructed reference
picture that corresponds to the position of the selected macroblock in the current picture. Otherwise, the prediction count
for a macroblock in the current picture shall be equal to the prediction count increment value plus the maximum of the
values of the two prediction counts for the two macroblocks in the area of the most recently reconstructed reference
picture that corresponds to the position of the selected macroblock in the current picture.

It is a requirement of bitstream conformance that for each macroblock in a P-picture, the value of the resulting prediction
count shall be less than 132.
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In the case where a block is not coded, either because the entire macroblock is skipped or the specific block is not coded
there is no coefficient data. In this case f[y][x] is zero and the decoded samples are simply the prediction, p[y][x].

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 have been decoded, themselves, as either
field pictures or frame pictures.

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

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

e 16 x 8 motion compensation — In which two motion vectors are used for each macroblock. Thg first
motion vector is used for the upper 16 X 8 region, the second for the lower 16 X 8xegion. In the casg of a
bidirectionally predicted macroblock a total of four motion vectors will be used since there will be tWo for
the forward prediction and two for the backward prediction. In this Spetification 16 X 8 njotion
compensation shall only be used with field pictures.

e Dual-prime — In which only one motion vector is encoded (in its fullformat) in the bitstream togethef with
a small differential motion vector. In the case of field pictures two #itotion vectors are then derived|from
this information. These are used to form predictions from tw@)reference fields (one top, one bottom)
which are averaged to form the final prediction. In the case.of frame pictures this process is repeat¢d for
the two fields so that a total of four field predictions are made. This mode shall only be used in P-pi¢tures
where there are no B-pictures between the predicted and reference fields or frames.

7.6.2 Prediction field and frame selection

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

7.6.2|1 Field prediction

In P-pictures, the two reference fields from which ‘predictions shall made are the most recently decoded referende top
field pnd the most recently decoded reference bottem field. The simplest case illustrated in Figure 7-6 shall be used when
predifting the first picture of a coded frame-ot\when using field prediction within a frame picture. In these cases thg two
refergnce fields are part of the same reconstructed frame.

NPTE 1 — The reference fields may themselves have been reconstructed from two field-pictures or a single frame picture.
NPTE 2 — In the case of predictingfa fi¢ld picture, the field being predicted may be either the top field or the bottom field.

Top
reference
field

Bottom
reference
field

H.262(12)_F7-6

D N

intervening
B-pictures
(not yet decoded)

Figure 7-6 — Prediction of thefirst field or prediction in aframe 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 7-8 — Prediction of the second fieldspicture when it isthetop field

prediction in B-pictures shall be made from the two fields\of the two most recently reconstructed reference fr

Figute 7-9 illustrates this situation.

N

pifture.

DTE 4 — The reference frames may themselves have beeireconstructed from two coded field-pictures or a single coded

Top
reference
field

Bottom

reference
field

Top
reference
field

Bottom
reference
field

7.6.2|12~OFrame pr

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

ediction

H.262(12)_F7-9

HINCS.

frame

In P-pictures prediction shall be made from the most recently reconstructed reference frame.

Figure 7-10.

NOTE 1 — The reference frame may itself have been coded as two field pictures or a single frame picture.
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Figure 7-10 — Frame prediction for |-p
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icturesand P-pictures

Similarly frame prediction in B-pictures shall be made from the two most recently reconstructed reference frames as

illust]
N

7.6.3

Moti
of bif
predi
vecto
moti
defin

ated in Figure 7-11.

Reference

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

frame

M otion vectors

bd in Table 7-7.

s _w e
| | I I Reference
| i ' I ' i frame
L_ — L_ — A
. ) H.262(12)_F7-11
Possible Possible
intervening interyefiing
B-pictures Bépictures

(already decoded)

Figure 7-11 — Frame-prediction fan B<pictures

n vectors are coded differentially with respect to previously’decoded motion vectors in order to reduce the nu
s required to represent them. In order to decode the motion vectors the decoder shall maintain four motion ¥
Ctors (each with a horizontal and vertical component)*denoted PMV|[r][s][t]. For each prediction, a motion v|
r'[r][s][t] is first derived. This is then scaled depénding on the sampling structure (4:2:0, 4:2:2 or 4:4:4) to g
n vector, vector[r][s][t], for each colour component. The meanings associated with the dimensions in this arr3

Table 7-7 —Meaning.of indicesin PMV|r][9][t], vector[r][s][t] and vector'[r][3][t]

(not'yet decoded)

0

1

T

Hirst imotion vector in Macroblock

Second motion vector in Macroblock

N

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.

mber
ector
ector,
ive a
y are
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7.6.3.1 Decodingthe motion vectors

Each motion vector component, vector'[r][s][t], shall be calculated by any process that is equivalent to the following one.

Note that the motion vector predictors shall also be updated by this process.

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

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

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

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

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

vector'[r][s][t] = prediction + delta;
if (vector'[r][s][t] < low )
vector'[r][s][t] = vector'[r][s][t] + range;
if (vector'[r][s][t] > high)
vector'[r][s][t] = vector'[r][s][t] — range;

if ((mv_format == "field") && (t==1) && (picture_strueture == "Frame picture") )
PMV[r][s][t] = vector'[r][s][t] * 2;

else
PMV[r][s][t] = vector'[r][s][t];

The parameters in the bitstream shall be such that theyreconstructed differential motion vector, delta, shall lie in the
[low:high]. In addition the reconstructed motion vector, vector'[r][s][t], and the updated value of the motion ¥
predictor PMV[r][s][t], shall also lie in the range)[low : high].

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

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

1, s and t specify the particulat motion vector component being processed as identified in Table 7-7.
vectar'[r][s][t] is the finalreconstructed motion vector for the luminance component of the macroblock.

The yector'[r][s][t] ¥alu€ considered in this subclause is the one obtained from the pseudo code above. In case of
primg, this restriction that vector'[r][s][t] shall be in the range [low:high] does not apply to the scaled motion v
vector'[2:3][0]f0:1] defined in 7.6.3.6. Other restrictions on motion vectors, including scaled dual-prime motion v
are specifiedyin 7.6.3.8 and 8.3.

range
ector

from

dual-
ECtors
pctors

7.6.3|2-OMoation vector restrictions

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

summarises the size of motion vectors that may be coded as a function of f code.

7.6.3.3 Updating motion vector predictors

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

in the picture must retain "sensible" values in case they are subsequently used.
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Table 7-8 — Allowable mation vector range as a function of f_code[s][t]

The motion vector predictors shall be updated as specified in Table 7-9 and 7410. The rules for updating motion ¥

predi
N
pil

f code[s][t] \i'leerlt(ilcile(cztc(’)r?spi?lngrrallt;lgp:iju}r)e(s)f All other cases

0 (Forbidden)

1 [4: +3.5] [-8:+7.5]

2 [-8: +7.5] [-16: +15.5]

3 [-16: +15.5] [-32: +31.5]

4 [-32: +31.5] [-64: +63.5]

5 [-64: +63.5] [-128: +127.5]
6 [-128: +127.5] [-256: +255.5]
7 [-256: +255.5] [-512: +511.5]
8 [-512: +511.5] [-1024: +1023.5]
9 [-1024: +1023.5] [-2048: +2047.5]
10-14 (Reserved)

15 (Used when a particular f code[s][t] will not be used)

Ctors in the case of skipped macroblocks are specified in 7.6.6.

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

Table 7-9 — Updating of motion vector predictorsin frame pictures

ector

bn the

frame_motion_- macroblock_motion_- macr oblock_-
type forward backwar d intra Predictors to Update

Frame-based?® - = 1 PMV[1][0][1:0] = PMV[0][0][1:0]®)

Frame-based 1 1 0 PMV[1][0][1:0] = PMV[0][0][1:0]
PMVI[1][1][1:0] = PMVI[O0][1][1:0]

Frame-based 1 0 0 PMVI1][0][1:0] = PMV[0][0][1:0]

Frame-based 0 1 0 PMV[1][1][1:0] = PMV[0][1][1:0]

Frame-based? 0 0 0 PMV[r][s][t] = 09

Field-based 1 1 0 (None)

Field-based 1 0 0 (None)

Field-based 0 1 0 (None)

Dual‘prime 1 0 0 PMV[1][0][1:0] = PMVI[0][0][1:0]

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

b) If concealment_motion_vectorsis zero then PMV[r][s][t] is set to zero (for all r, s and t).

D) (Only occurs in P-picture) PMV|[r][s][t] is set to zero (for all 1, s and t). See 7.6.3.4.
NOTE — PMV[r][s][1:0] = PMV[u][v][1:0] means that:
PMV[r][s][1] = PMV[u][v][1] and PMV]r][s][0] = PMV[u][v][0]
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Table 7-10 — Updating of motion vector predictorsin field pictures

frame_motion_- macr oblock_motion_- macroblock_-
type forward backward intra Predictors to Update

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

Field-based 1 1 0 PMV[1][0][1:0] = PMV[0][0][1:0]
PMV[1][1][1:0] = PMV[0][1][1:0]

Field-based 1 0 0 PMV[1][0][1:0] = PMV[0][0][1:0]

Field-based 0 1 0 PMVI[1][1][1:0] = PMV[0][1][1:0]

Fiett-based® 0 0 0 PV =10

16 x 8 MC 1 1 0 (None)

16 x 8 MC 1 0 0 (None)

16 x 8 MC 0 1 0 (None)

Dual prime 1 0 0 PMV[1][0][1:0] = PMV[0][O}{130]

a) frame_motion_type is not present in the bitstream but is assumed to be Field-based.
b) If concealment_motion_vectorsis zero then PMV[r][s][t] is set to zero (for all r, s and_t),
© (Only occurs in P-picture) PMV[r][s][t] is set to zero (for all 1, s and t). See 7.6.3.4.
NOTE — PMV][r][s][1:0] = PMV[u][v][1:0] means that:

PMV[r][s][1] = PMV[u][v][1] and PMV]r][s][0] = PMV[u][v][0]

7.6.3
All n

7.6.3

In P-
are el

If thi

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

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

e In a P-picture when a macroblegk;is skipped.

5 Prediction in P-pictures

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

e the prediction fype'shall be "Field-based";
e the (field)metion vector shall be zero (0;0);
e the metion vector predictors shall be reset to zero;

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

occurstin'a P-frame picture the following apply:

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

e In a P-picture when a non-intra macroblock is decoded in which macroblock motion forward is zerd|

ctors
ly;

1 c . 1111 A0
hd UIC UIT4ITIT) IO HOIT VEUL0I SIIdIT UT 2810 (U,U),

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:

84

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

e Dual prime prediction shall not be used.

and

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 primeadditional arithmetic

In dual prime prediction one field motion vector (vector'[0][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 gne of

the vilues -1, 0, + 1.

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

Derived vectors
1 X O .

S

dmv

-~

3 -~ 250 O
3.5 -~ 3 X
4 350 O
450 4 X

250 O

Top Bottom Top Bottom

- Field vector
from bitstream

O/,/0 O

Referénoe picture Picture being predicted
H.262(12)_F7-12

Figure 7-12 — Scaling of mation vectorsfor 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][O] m[0][1]
11 (F‘rama) 1 1 3
11 (Frame) 0 3 1
01 (Top Field) - 1 -
10 (Bottom Field) - - 1

e[parity_ref][parity_pred] is the adjustment necessary to reflect the vertical shift between the lines of top field and
bottom field as defined in Table 7-12.
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Table 7-12 — Definition of g[parity_ref][parity_pred]

parity ref parity pred e[parity_ref][parity pred]
0 1 +1
1 0 -1

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

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

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

7.6.3[7 Motion vectorsfor chrominance components

The 1photion vectors calculated in the previous clauses refer to the luminance component where:

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

7.6.3[8 Semantic restrictians concerning predictions

It is & requirement on the.bitstream that it shall only demand of a decoder that predictions shall be made from
actuallly encoded in a rfeference frame or reference field. This rule applies even for skipped macroblocks and macroh
in P-pictures in which-a zero motion vector is assumed (as explained in 7.6.3.5).

vector'[r][0][0] = ((vector'[0][0][0] * m[parity ref][parity pred])//2) + dmvector[0];
vector'[r][0][1] = ((vector'[0][0][1] * m[parity_ref][parity pred])//2)

+ e[parity ref][parity pred] + dmvector[1];

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

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

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

vector|[r][s][0] = vector'[r][s][0] / 2;
vector[r][s][1] = vector[t}[s][1];
4:4:4 The motion vector is unimodified:
vector[r][s][0]%= vector'[r][s][0];
vector[r][s][ 1] = vector'[r][s][1];

NPTE — As eXplained in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. However, in many d|

ector
on is

ector
barity

bnent

slices
locks

efined

lepels of defined profiles the "restricted slice structure” is used in which case the slices do cover the entire picture. In this cdse the

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

fer to

7.6.3.9 Concealment motion vectors

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

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

86

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

e  For all macroblocks except those in the bottom row of macroblocks concealment motion vectors should be
appropriate for use in the macroblock that lies vertically below the macroblock in which the motion vector
occurs.

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

e  For all macroblocks in the bottom row of macroblocks the reconstructed concealment motion &ectorp will
not be used. Therefore the motion vector (0;0) may be used to reduce unnecessary overhead.:

7.6.4 Forming predictions

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

A potitive value of the horizontal component of a motion vector indicates that the predietion is made from samplps (in
the rgference 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 (jn the
refergnce field/frame) that lie below the samples being predicted.

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

In th¢ case of field-based predictions it is necessary to determine which of the two available fields to use to form the
prediftion. In the case of dual-prime this is specified in that.a motion vector is derived for both of the fields ind a
prediftion is formed from each. In the case of fieldsbased prediction and 16 x 8 MC an additional bit,
motign_vertical field select, is encoded to indicate whichifield to use.

If mation vertical field select is zero, then the prediction is taken from the top reference field.
If mgtion_vertical field select is one, then the prediction is taken from the bottom reference field.

For dach prediction block the integer sample motion vectors int_vec[t] and the half sample flags half flag[t] shall be
forme¢d as follows;

for (t=0; t< 2; t++) {
int_vec[t] = vectorf#][s][t] DIV 2;
if ((vector[r]fs]ft] - (2 * int_vec[t]) !=0)
half Alagft] = 1;
else
half” flag[t] = 0;
b

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 nredvlx]l =nel reflv + int vecl11lx + int vecl[Q]l:
Ir —I v ) B | r J— L/ — | M ) — | S u -

if ((! half flag[0] )&& half flag[1])
pel_pred[y][x] = ( pel refly +int_vec[1]][x + int_vec[0]] +
pel_refly + int_vec[1]+1][x + int_vec[0]] ) // 2;
if (half flag[0]&& (! half flag[1]))
pel_pred[y][x] = ( pel refly + int_vec[1]][x + int_vec[0]] +
pel _refly +int_vec[1]][x + int_vec[0]+1]) // 2;
if (half flag[0]&& half flag[1])
pel_pred[y][x] = ( pel refly + int_vec[1]][x + int_vec[0]] +
pel _refly +int_vec[1]][x + int_vec[0]+1] +

Rec. ITU-T H.262 (02/2012) 87


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

| SO/IEC 13818-2:2013 (E)
pel refly + int_vec[1]+1][x + int_vec[0]] +
pel_refly + int_vec[1]+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 M otion vector selection

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

Table 7-13 — Predictions and motion vectorsin field pictures

field_ macr o-
motion_ macr oblock_motion_- block_-
type forward backward intra Motion vector Prediction formed for

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

Figld-based 1 1 0 vector'[0][0][1:0] Whole field{ forward
vector'[0][1][1:0] Whole field{ backward

Figld-based 1 0 0 vector'[0][0][1:0] Whote-field, forward

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

Fipld-based? 0 0 0 vector'[0][0][1:0194) | Whole field, forward

14 x 8 MC 1 1 0 vector'[0][0][ 0] Upper 16 x 8 field, forward
vector'[1][0]{}:0] Lower 16 x 8 field, forward
vectorf0][1][1:0] Upper 16 x 8 field, backward
vector'[1][1][1:0] Lower 16 x 8 field, backward

14x 8 MC 1 0 0 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward

14 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

Dyl prime 1 0 0 vector'[0][0][1:0] Whole field, from same parity, forwarfl
vector'[2][0][1:019®) | Whole field, from opposite parity,

forward

a) field_motion_type is rot ptesent in the bitstream but is assumed to be Field-based.

Y] The motion vectoris.only present if concealment_motion_vectorsis one.

D) These motion ¥ectors are not present in the bitstream.

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

°) These mietion vectors are derived from vector'[0][0][1:0] as described in 7.6.3.6.

NOTE# Motion vectors are listed in the order they appear in the bitstream.
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Table 7-14 — Predictions and mation vectorsin frame pictures

frame - macr o-
motion_- macroblock_motion_- block -
type forward backward intra Motion vector Prediction formed for

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

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

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

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

Frhme-based?) 0 0 0 vector'[0][0][1:0]9 9 | Frame, forward

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

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

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

Dyal prime 1 0 0 vector'[0][0][1:0] Top field, from same parity, forward
vector'[0][0][1:0] Bottom field, from same parity, forward
vector'[2}[0)[1:0]9¢ | Top field, from opposite parity, forwatd
vector'f3][0][1:0]9® | Bottom field, from opposite parity,

forward

D) These motion vectors are not present in the bitstream.

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

Y] The motion vector is only present if concealment, motion_vectorsis one.

9 The motion vector is taken to be (0; 0)yas'explained in 7.6.3.5.
©) These motion vectors are deriveddfrom vector'[0][0][1:0] as described in 7.6.3.6.

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

7.6.6

Skipped macroblocks

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

slice,

if the number*(macroblock address - previous macroblock address - 1) is larger than zero, then this nu
indicftes the <humber of macroblocks that have been skipped. The decoder shall form a prediction for sk

macrpblocks which shall then be used as the final decoded sample values.

The

nandling of skipped macroblocks is different between P-pictures and B-pictures. In addition, the process d

mber
ipped

iffers

b t Eald it Jd £ 1t
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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 Pframepicture

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 pre
macroblock;

vious

7.6.6

7.6.7

e motion vector predictors are unaffected;
e the motion vectors are taken from the appropriate motion vector predictors. Scaling of the motion v
for colour components shall be performed as described in 7.6.3.7.
4 B framepicture
e the prediction shall be made as if frame _motion_type is "Frame-based";

e the direction of the prediction forward/backward/bi-directional shall be/the same as the prg
macroblock;

e motion vector predictors are unaffected;

e the motion vectors are taken directly from the appropriate motion vector predictors. Scaling of the ]
vectors for colour components shall be performed as described i 7:6.3.7.

Combining predictions

The flinal stage is to combine the various predictions together in ordetnto form the final prediction blocks.

It is 4
direc

The t

7.6.7

In th
backy

pel ¢

The |
8 san|

7.6.7

In thg
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predi

In th

Iso necessary to organize the data into blocks that are either;field organized or frame organized in order to be
ly to the decoded coefficients.

ransform data is either field organized or frame organized as specified by dct_type.

1 Simpleframepredictions

b case of simple frame predictions the only further processing that may be required is to average forwar
vard predictions in B-pictures. Af\ pel pred forward[y][x] is the forwards prediction sample
red backward[y][x] is the corresponding backward prediction, then the final prediction sample shall be formeq

pel pred[y][x] = (pel pred~forward[y][x] + pel pred backward[y][x])//2

predictions for chrominance.components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8
Iples by 16 lines and 16 samples by 16 lines respectively.

2 Simplefield predictions

case of simple/field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may be red
average forward and backward predictions in B-pictures. This shall be performed as specified for "F
Ctions" in'the previous subclause.

e case of simple field prediction in a frame picture the predictions for chrominance components of 4:2:0,

and 4

tctors

lvious

otion

hdded

l and
and
| as:

lines,

uired
rame

4:2:2

:44) formats for each field shall be of size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by §

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[y][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 & lines, 8 samples by 16 lines and 16 samples by 16 lines respectivelly.

7.6.8 Adding prediction and coefficient data

The prediction blocks have been formed and reorganized into blocks of prediction samples p[y][x] which matgh the
field/frame structure used by the transform data blocks.

The Tansform data f]y][x] shall be added to the prediction data and saturated to form the final de¢eded samples d|y][x]
as follows:
for(y=0;y<8; y++) {
for (x =0; x < §; x++) {
dlyllx] = fly][x] + plyl[x];
if (d[y][x] < 0) d[y][x] = 0;
if (d[y][x] > 255) d[y][x] = 255;

1.7 Spatial scalability
This fubclause specifies the additional decoding process required for the spatial scalable extensions.
Both|the lower layer and the enhancement layer shall usethe "restricted slice structure” (no gaps between slices).

Figure 7-13 is a diagram of the video decoding process with spatial scalability. The diagram is simplified for clarity

7.7.1 Higher syntactic structures

In gdneral, the base layer of a spatial scalable hierarchy can conform to any coding standard including Reconjmen-
datiop ITU-T H.261, ISO/IEC 1117252 and this Specification. Note however, that within this Specification the
decodability of a spatial scalable (hierarchy is only considered in the case that the base layer conforms tq this
Specification or ISO/IEC 11172-2.

Due {o the "loose coupling}-of-layers only one syntactic restriction is needed in the enhancement layer if both lowgr and
enhaficement layer are ipterlaced. In that case picture structure has to take the same value as in the reference framg used
for ptediction 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 mdtion compensated temporal prediction is made from reference frames in the enhancement layer as described ih 7.6.
In adflition,\a spatial prediction is formed from the lower layer decoded frame (djower[Y][X]), as described in 7.7.3. These
prediktions 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,
plyl[x].

Rec. ITU-T H.262 (02/2012) 91


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

|SO/IEC 13818-2:2013 (E)

Lower-layer b _ —
bitstream L 4|_ L _! L _!- ! | )l_i
Lower-layer decoder - |
/ . \
Prediction >
Framestore
ald / .
ﬁ‘_'ld frame addressing Framestores
selection
A
vector [r][hl[t] dh\\\c: [Y][x]
Additional Scaling Half-sample
dual-prime »  for colour P prediction Upsampler
arithmetic components filtering
A
vector” [r][s][t]
Half-sample
from Vector information Combine |,
bitstream decoding pel_pred_temp [y][x] predictions
pel_pred_spat [y][x]
p [yllx]
\ 4
g
Vector = Decoded
predictor$ = pixels
{;0‘3
H.262(12)_F7-13
fly]lx] d[ylx]
Figure 713 — Simplified motion compensation process for spatial scalability
7.7.3 Formation of spatial prediction
Formling the spatidl/prediction requires identification of the correct reference frame and definition of the spatial

resaz:Lpling process; which is done in the following subclauses.

The fesampling process is defined for a whole frame, however, for decoding of a macroblock, only the 16 X 16 reglon in
the upsarmpled frame, which corresponds to the position of this macroblock, is needed.

7.7.3. T Saection 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 Rec. ITU-
T 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()).

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.
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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 h’
vertical_sub-sampling_fagtar ‘'m
lower_layer prediction_horizontal offset

»
lower_layer prediction_vertical _offset Current picture
v
O t
lower layer prediction vertical size -"—_' \Q/
— \%
X
Unsampled lower-layer picture
- P yer p v
v Lower-layer picture
< > N > H.262(12)_F7-14
lower_layer_prediction_horizontal_size loyer “layer prediction_horizontal size *

Horizontal _sub-sampling_factor n/
horizontal_sub-sampling_factor_m

Figure 7-14 — Formation of the " spatial" prediction by interpolation of the lower-layer picture

Spatipl predictions shall only be made for macroblecks in the enhancement layer that lie wholly within the upsaippled
lowef layer reconstructed frame.

The ppsampling process depends on whether the lower layer reconstructed frame is interlaced or progressive, as
indicfited by lower layer progressive frame and whether the enhancement layer frame is interlaced or progressiye, as
indicfited by progressive frame.

When lower layer progressive_frame is 'l', the lower layer reconstructed frame (renamed to prog_pic) is resampled
vertidally as described in 7-A3/4. The resulting frame is considered to be progressive if progressive frame is '|' and
interlaced if progressiveNMrame is '0'. The resulting frame is resampled horizontally as described in 7.[.3.6.
lowet 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 figld is
deintgrlaced as{described in 7.7.3.4, to produce a progressive field (prog pic). This field is resampled vertically as
descijibed in*7:7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is
subsgmpléd\to produce an interlaced field. lower layer deinterlaced field select shall have the value '1'.

Whet lnwpr_]avPr_prngquqivP_f‘mmP is '0' and prngrpqqivP_f‘ramP is '"1' each lower laver reconstructed figld 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.

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.
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Table 7-15 — Upsampling process

773

Due t
take
form

Tablg

Tablg

lower_layer_ lower_layer progressive Apply Entity used
dﬁ'g?gﬁ— progressive frame frame gféléteesr;ace for prediction
0 0 1 Yes Top field
1 0 1 Yes Bottom field
1 1 1 No Frame
1 1 0 No Frame
1 0 0 Yes Both fields

3 Colour component processing

o the different sampling grids of luminance and chrominance components, some variables psed in 7.7.3.4 to 7
different values for luminance and chrominance resampling. Furthermore it is permissible for the chromi
its in the lower layer and the enhancement layer to be different from one another.

7-16 defines the values for the variables used in 7.7.3.4 to 7.7.3.6

Table 7-16 — Local variablesused in 7.7.3:31t0'7.7.3.6

Variable Value for luminance processing Value for chrominance processing
11_h_size lower layer prediction horizontal size lower layer prediction horizontal size
/ chroma_ratio_horizontal[lower]
1l v _size lower_layer prediction_vertical _size lower_layer prediction_vertical size
/ chroma_ratio_vertical[lower]
11 h offset lower layer horizontal offset lower_layer horizontal offset
/ chroma_ratio_horizontal[enhance]
11_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 horizontalkssubsampling_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

s 7-17 and.7-18 give additional definitions.

Table 7-17 — chrominance subsampling ratios for layer = {lower, enhance}

7.3.6
hance

94

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
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Table 7-18 — Chrominance for mat ratios

Chrominance format Chrominance format format_ratio format_ratio
lower layer enhancement layer horizontal vertical
4:2:0 4:2:0 1 1
4:2:0 4:2:2 1 2
4:2:0 4:4:4 2 2
4:2:2 4:2:2 1 1
4:2:2 4:4:4 2 1
4:4:4 4:4:4 1 1

773

If de
renar

First,
lowel
filter
pictu
using

The t

which the filter taps defined in the other two columns apply. An intermediate sum is formed by adding the mult|

coeff]

The ¢

4 Deinterlacing

nterlacing needs not to be done (according to Table 7-16), the lower layer reconstructed framie’(djower[Y][
hed to input_pic.

each lower layer field is padded with zeros to form a progressive grid at a frame rate equal to the field rate

layer, and with the same number of lines and samples per line as the lower layer frame. Table 7-19 specifi

to be applied next. The luminance component is filtered using the relevanttwo field aperture fil
e_structure == "Frame-picture" or else using the one field aperture filter. The(chrominance component is fi
the one field aperture filter.

Table 7-19 — Deinter lacingFilter

Two field apertore 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

emporal andywertical columns of Table 7-19 indicate the relative spatial and temporal coordinates of the samp

cients together.

utputoof the filter (sum) is then scaled according to the following formula:

X]) is

f the
s the
er if
tered

les to
plied

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.
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For all samples [y][x]:

if (y < 0 && (y&1 == 1))

y=1
if (y < 0 && (y&1 == 0))
y=0

if (y>=1l v _size &&
((y-1l_v_size)&k1 ==1))

y=1 v size—1

if (y>=11 v size &&

7.7.3

((y-11v_size)&1 == 0))

y=1l v size—2

5 Vertical resampling

The frame subject to vertical resampling, prog_pic, is resampled to the enhancement layer vertical.sampling grid

lineat

wher

Samy
exten

N
thi
ch

7.7.3

The {
using
field:

wher

interpolation between the sample sites according to the following formula, where vert_pig is the resulting fiel

vert_pic[yp +11_v_offset][x] = (16 — phase) * prog_pic[y1][x] + phase prog pic[y2][x]

yh+1 v offset =  output sample co-ordinate in vert pic
yl = (yp*v_subs m)/v subs n
y2 = yl+1 ifyl<ll v size—1
yl otherwise
phase = (16 * ((y, * v_subs_m) % v_subs n))#v subs n

les which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by b
sion of the lower layer reconstructed frame.

DTE — The calculation of phase assumes that the sample position in the enhancement layer at y;, = 0 is spatially coinciden
e first sample position of the lower layer. It is recognised that this is an approximation for the chrominance component|
roma_format == 4:2:0.

6 Horizontal resampling

rame subject to horizontal resanipling, vert pic, is resampled to the enhancement layer horizontal sampling
linear interpolation between the sample sites according to the following formula, where hor pic is the res

hor pic[y][xn #1kh_offset] = ((16 — phase) * vert pic[y][x1] + phase * vert pic[y][x2]) // 256

using
:

order

t with
if the

r grid
hlting

xp+ 1IND offset = output sample coordinate in hor pic
x 1 = (X, *h_subs m)/h subs n
x2 = x1+1 ifxl<1l h size-1
x1 otherwise
phase = (16 * ((x, * h_subs m) % h_subs n))//h _subs n

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension of the lower layer reconstructed frame.

7.7.3.7 Reinterlacing

If reinterlacing needs not to be done, the result of the resampling process, hor pic, is renamed to spat_pred_pic.

If hor_pic was derived from the top field of a lower layer interlaced frame, the even lines of hor pic are copied to the

cven

96

lines of spat_pred pic.
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If hor pic was derived from the bottom field of a lower layer interlaced frame the odd lines of hor pic are copied to the
odd lines of spat_pred_pic.

If hor_pic was derived from a lower layer progressive frame, hor_pic is copied to spat_pred pic.

7.74

Selection and combination of spatial and temporal predictions

The spatial and temporal predictions can be selected or combined to form the actual prediction. The macroblock type
(see Tables B.5, B.6 and B.7) and the additional spatial temporal weight code (see Table 7-21) indicate, by use of the
spatial temporal weight class, whether the prediction is temporal-only, spatial-only or a weighted combination of
temporal and spatial predictions. Classes are defined in the following way:

—  Class 0 indicates temporal-only prediction;

— __ Class 1 indicates that neither field has spatial-only prediction;

In in|
is Sp4
temp
weigl

The
exten
inter]]

In m
(or
spatis

—  Class 2 indicates that the top field is spatial-only prediction;
—  Class 3 indicates that the bottom field is spatial-only prediction;

—  Class 4 indicates spatial-only prediction.

ra pictures, if spatial temporal weight class is 0, normal intra coding is performed; otherwise, the pred
tial-only. In predicted and interpolated pictures, if the spatial temporal weight class“is 0, predicti
bral-only, if the spatial temporal weight class is 4, prediction is spatial-only; otherwise, one or a pair of pred
its is used to combine the spatial and temporal predictions.

possible spatial temporal weights are given in a weight table which is selected, in the picture spatial sc
sion. Up to four different weight tables are available for use depending on whether the current and lower laye
aced or progressive, as indicated in Table 7-20 (allowed, yet not recommended; values given in brackets).

Table 7-20 — Intended (allowed) spatial_temporal .weight_code table index values

Lower layer format Enhan;srr?ne;t layer g;glelf,:a—;ﬁrerlﬂ? ézlx_wei ght_
Progressive or interlaced Progressive 00
Progressive coincident with enhancement layer top_ fields Interlaced 10 (00; 01; 11)
Progressive coincident with enhancement layer, from Interlaced 01 (00; 10; 11)
bottom fields
Interlaced (picture_structure == Framé€-picture) Interlaced 00 or 11 (01; 10)
Interlaced (picture_structure != Frame-picture) Interlaced 00

icroblock modes(), a two bit code, spatial temporal weight code, is used to describe the prediction for each
frame), as shown'*Jn Table 7-21. In this table spatial temporal integer weight identifies
1 temporal weighf-Codes that can also be used with dual prime prediction (see Tables 7-22, 7-23).

ction
bn 1S
ction

ilable
I's are

field
those
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Table 7-21 — spatial_temporal_weights and spatial_temporal_weight_classesfor the
spatial_temporal_weight_code table index and spatial_temporal_weight_codes

N

Whet
the t
field

Whet
whicl

The {

pel_p
pel ¢
apprd

If the

If the

If the

spatial_temporal _ spatial_ spatial_ spatial_ spatial_
weight_code table temporal_ temporal_ temporal_ temporal_
index weight_code weight (s) weight class integer_weight
002 - (0,5) 1 0
01 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 [
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.

I the spatial temporal weight combination is given in the<f6fm (a; b), "a" gives the proportion of the predicti
p field which is derived from the spatial prediction and-"b" gives the proportion of the prediction for the b
which is derived from the spatial prediction for that field.

I the spatial temporal weight is given in the form (a), "a" gives the proportion of the prediction for the p
1 is derived from the spatial prediction for that\picture.

recise method for predictor calculation is.as follows:

red temp[y][x] is used to denote the temporal prediction (formed within the enhancement layer) as defing
red[y][x] in 7.6. pel pred_spat[¥][x] is used to denote the prediction formed from the lower layer by extractir
priate samples, co-located with the current macroblock position, from spat_pred pic.

spatial temporal weightis zero, then no prediction is made from the lower layer. Therefore:
pel_pred[y][x] = pel_pred_temp[y][x];

spatial temperal weight is one, then no prediction is made from the enhancement layer. Therefore:
pel_pred[y][x] = pel_pred_spat[y][x];

weight is one half then the prediction is the average of the temporal and spatial predictions. Therefore:

DTE — Spatial-only prediction (weight_class == 4) is signalled by different values of macroblock_type (see Tables B.5 to B.7).

n for
bttom

cture

d for
g the

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.

7.7.5

Updating motion vector predictorsand 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
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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 predictorsin field pictures

frame_motion_type

macroblock_motion_forward
macr oblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Predictors to update

Field-based? - =11 0 PMV[1][0][1:0] = PMV[0][0][1:0]®
Field-based 1l1]0 0 PMV[1][0][1:0] = PMV[0][0][1:0]

PMV[1][1][1:0] = PMV[0][1][1:0]
Field-based 1]1ofo 0,1 PMV[1][0][1:0] = PMV[0][0][1:0]
Field-based o|11]o0 0,1 PMV[1][1][1:0] = PMV[0][1][1:0]
Field-based® olofo 0,1,4 PMV[r][s][t] = 09
16 x 8 MC 1|10 0 (None)
16 x 8 MC 10O 0,1 (None)
16 x 8 MC ol1]o0 0,1 (None)
Dual prime 1]1ofo 0 PMV[1][0][1:0] £BMV[0][0][1:0]

a) field_motion_type is not present in the bitstream but\is assumed to be Field-based.
b) If concealment_motion_vectorsis zero then PM¥{r][s][t] is set to zero (for all r, s and t).
°) PMV[r][s][t] is set to zero (for all r, s and t).(See 7.6.3.4.
NOTE - PMV[r][s][1:0] = PMV[u][v][1:0] means that:
PMVI[r][s][1] = PMV[u][v][1] ad PMV[r][s][0] = PMV[u][v][0]

7.75|1 Resetting motion vectorpredictors

In adflition to the cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:
e In a P-pictare when a macroblock is purely spatially predicted (spatial temporal weight class ==4)

e In a Bépicture 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 us¢d, 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 predictorsin frame pictures

frame_motion_type

macr oblock_motion_forward
macr oblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Predictors to update

Frame-based® | — | — | 1 0 PMV[1][0][1:0] = PMV[0][0][1:0]°)
Frame-based 11110 0 PMV[1][0][1:0] = PMV[0][0][1:0]

PMV[1][1][1:0] = PMV[0][1][1:0]
Frame-based 1{o]o| 01,23 |PMV[1]0][1:0]=PMV[0][0][1:0]
Frame-based 0| 1]o0]| 01,23 |PMV[I][1][1:0] = PMV[0][1][1:0]
Frame-based® | 0 | 0 | 0 | 0,1,2,3,4 | PMV[r][s][t] = 0D
Field-based 11110 0 (None)
Field-based 1 {00 0,1 (None)
Field-based 1100 2 PMV[1][0][1:0] = PMV[0][0][1:0]
Field-based 1]1ofo 3 PMV[1][0][1:0] = PMV[0][0][1:0]
Field-based oO|11]0 0,1 (None)
Field-based o|11]o0 2 PMV[1][1][1:0] = PMV[0][1]{}:0]
Field-based o|1]o 3 PMV[1][1][1:0] = PMV[Q][ 14[1:0]
Dual prime® 1]o]o 02,3 | PMV[1][0][1:0] = PM¥0][0][1:0]

a) frame_motion_type is not present in the bitstream but is. assumed to be Frame-based.
b) Dual prime can not be used when spatial_temporal integer weight ="'0".

°) If concealment_motion_vectorsis zero then PMV]r][s][t] is set to zero (for all r, s and t).
9 PMV[r][s][t] is set to zero (for all r, s and t)(See 7.6.3.4.

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

PMV[t][s][1] = PMV[u][v][1] and PMV[r][s][0] = PMV[u][v][0]

In I-gictures, skipped macroblocks are allowed. These are defined as spatial-only predicted.
In P-pictures and B-pictures,.the’skipped macroblock is temporal-only predicted.

In B-pictures a skipped macroblock shall not follow a spatial-only predicted macroblock.

777 VBV buffer-underflow in the lower layer

In the case ofispatial scalability, VBV buffer underflow in the lower layer may cause problems. This is becayse of
possiple uneertainty in precisely which frames will be repeated by a particular decoder.

7.8 LZSNR 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 quantization 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 vectorsin field pictures

field_motion_type

macroblock_motion_forward
macr oblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Motion vector Prediction formed for
Field-based® -1 =11 0 vector'[0][0][1:0]Y) None (motion vector is for concealment)
Field-based 111[0 0 vector'[0][0][1:0] Whole field, forward
vector'[0][1][1:0] Whole field, backward
Field-based 1100 0,1 vector'[0][0][1:0] Whole field, forward
Field-based of1(|O0 0,1 vector'[0][1][1:0] Whole field, backward
Field-based® olofo 0,1,4 vector'[0][0][1:0]9 D Whole field, forward
16 x 8 MC 11110 0 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward
vector'[0][1][1:0] Upper 16 x 8\field, backward
vector'[1][1][1:0] Lower 16:x-8 field, backward
16 x 8 MC 1100 0,1 vector'[0][0][1:0] Uppet. 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward
16 x 8 MC o110 0,1 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 {00 0 vector'[0][0][ 1:0] Whole field, same parity, forward
vector'[2][0][1:0]9 © Whole field, opposite parity, forward

a)
b)
<)
d)

e)

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

field_motion_type is not present in the bitstream’but is assumed to be Field-based.
The motion vector is only present if concealment_motion_vectorsis one.

These motion vectors are not presentin;the bitstream.

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.

Subclause 7.8.1 defines-how to identify these bitstreams in a scalable hierarchy; however, they can be classified as

folloys.

The Jower layer, derived from the first bitstream, can itself be either non-scalable, or require the spatial or temjporal

scalapility decodding process (and hence the decoding of additional bitstreams) to be applied.

The pnhanceément layer, derived from the second bitstream, contains mainly coded DCT coefficients and a [small

overfead. The decoding process for this layer and the combination of the two layers are described in this subclause.

N

reconstruct an enhancement layer without decoding the lower layer bitstream data in parallel.

ible to

nrormation regaraing pred Orf Orf Nnca m tne IOwer yer D rcam only. NCTCIOIC NOot PO

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 mation vectorsin frame pictures

frame_motion_type
macroblock_motion_forward
macr oblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Motion vector Prediction formed for
Frame-based? -1 =11 0 vector'[0][0][1:0]9) None (motion vector is for concealment)
Frame-based 111[0 0 vector'[0][0][1:0] Frame, forward
vector'[0][1][1:0] Frame, backward
Frame-based 1100 0,1,2,3 vector'[0][0][1:0] Frame, forward
Frame-based 01110 0,1,2,3 vector'[0][1][1:0] Frame, backward
Frame-based® | 0 | 0 | 0 | 0,1,2,3,4 | vector'[0][0][1:0]9© Frame, forward
Field-based 1{1]0 0 vector'[0][0][1:0] Top field, forward
vector'[1][0][1:0] Bottom field, forward
vector'[0][1][1:0] Top field, backward
vector'[1][1][1:0] Bottom fieldybackward
Field-based 1100 0,1 vector'[0][0][1:0] Top ficld, forward
vector'[1][0][1:0] Bottom field, forward
Field-based 1{0]0 2 Top field, spatial
vector'[0][0][1:0] Bottom field, forward
Field-based 11010 3 vector'[0][0][1:01 Top field, forward
Bottom field, spatial
Field-based 0110 0,1 vector'[0][1][1:0] Top field, backward
veetor'[1][1][1:0] Bottom field, backward
Field-based 01110 2 Top field, spatial
vector'[0][1][1:0] Bottom field, backward
Field-based 01110 3 vector'[0][1][1:0] Top field, backward
Bottom field, spatial
Dual prime 1].0 [~0 0,2,3 vector'[0][0][1:0] Top field, same parity, forward
vector'[0][0][1:0]9) Bottom field, same parity, forward
vector'[2][0][1:019 D Top field, opposite parity, forward
vector'[3][0][1:0]9 D Bottom field, opposite parity, forward
a) frame_motion_type is not present in the bitstream but is assumed to be Frame-based.
b) Dual prime cannot be used when spatial temporal integer weight ="0'.
°) The motion vector is only present if concealment_motion_vectorsis 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 = ideppance and
the lower layer bitstream having layer id = idephance—1-

The syntax and semantics of the enhancement layer are as defined in 6.2 and 6.3, respectively.

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] Flower[v][u]
Variable Inverse
Coded __ ] length P Inverse scan | quantization
data decoding arithmetic

Lower layer

Enhancement layer QFS[n] QF[v][u]

Variable IwverSe

—> length Inverse scan gbantization
decoding arithmetic

Coded
data

Y

F""enhance[v][u]

Framestore memory

F[v][u] F [v][u]
Y A
Mismatch Motion Decoded
1 { OTS »
Saturation control Inverse DCT compensation »  samples

H.262(12)_F7-15

fly][x] d [y][x]

Figure 7-15 — I llustration of decoding processfor SNR scalability

Sequence header

This header shall be identical to the one in the lower layer bitstream except for the values of bit_rate, vbv_buffer_size,
load intra quantiser matrix, intra quantiser matrix, load non intra quantiser matrix and non_intra quantiser matrix.
These can be selected independently except for load intra_quantiser matrix which shall be zero.

Sequence extension

This extension shall be identical to the one in the lower layer bitstream except for the values of
profile and level indication, chroma format, bit rate extension and vbv_buffer size extension. Those can be selected
independently.

A different value of chroma format in each layer will cause the chroma simulcast flag to be set as specified by
Table 7-26.

Rec. ITU-T H.262 (02/2012) 103


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

ISO/IEC 13818-2:2013 (E)

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 ¢

In ]
sequg
deco

The s
Sequ
This
Sequ
This
GOFH

This
N
fr

Pictu

This
selec

le case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not This” "Specifica
nce_extension() is not present in the lower layer bitstream, and the following values shall be¢”assumed fi
ling process.

progressive _sequence =1

chroma_format = "4:2:0"

horizontal size extension = 0

vertical size extension =0

bit_rate extension =0

vbv_buffer size extension = 0

low_delay =0

frame rate extension n =0

frame rate extension_d =0
equence_extension() in the enhancement layer shall‘have the values shown above.
ence display extension
pxtension shall not be present as there is-n0 separate display process for the enhancement layer.
ence scalable extension
pxtension shall be present with-scalable mode = "SNR scalability".
header

header shall be identical-{o’the one in the lower layer bitstream.

DTE 1 — The GOP héader must be present in each layer in order that the temporal reference in each layer are reset on thg
me.

re header

header shall be identical to the one in the lower layer bitstream except for the value of vbv_delay. This ¢
ed jndependently.

hroma_format of the enhancement layer shall be higher or equal to the chroma format of the lower layér bitstqeam.

tion),
r the

same

hn be

Pictu

r e-eoding extension

This extension shall be identical to the one in the lower layer bitstream except for the value of q_scale type and
alternate scan. These can be selected independently.

chroma 420 type shall be set to '0' if chroma_simulcast is set. Else, it shall have the same value as in the lower layer
bitstream.

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:

104

f code[0][0]
f code[0][1]

forward_f code in the lower layer bitstream or 15

forward f code in the lower layer bitstream or 15
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f code[1][0] = backward f code in the lower layer bitstream or 15
f code[1][1] = backward f code in the lower layer bitstream or 15
intra_dc_precision =0

picture structure = "Frame-picture"

top_field first =0

frame pred frame dct =1

concealment motion vectors = 0

intra_vlc format =0

repeat first field =0

chroma 420 type =1

progressive_frame =1

composite_display flag =0

The gicture coding_extension() in the enhancement layer shall have the values shown above.

For the lower layer q_scale type and alternate_scan shall be assumed to have the value zero.
NPTE 2 — q_scale_type and alternate_scan can be set independently in the enhancement layer.

Quant matrix extension
This pxtension is optional. Semantics are described in 6.3.11.

load |intra quantiser matrix and load chroma intra quantiser matrix shall both be zero.
NPTE 3 — Only the non-intra matrices will be used in the subsequent decodingprecess.

Pictyre display extension

This pxtension shall not be present.
NPTE 4 — There is no separate display process for the enhancement layer. If pan-scan functionality is desired, it dan be
adcomplished already by using the information conveyed by the pah-scan extension of the lower layer bitstream.
Slicelheader

Slice$ shall be coincident with those in the lower layer. The value of quantiser scale code can be set independently| from
the Iqwer layer bitstream.

7.8.2 M acr oblock

Subs¢quently the "current macroblock! denotes the currently processed macroblock. The current macroblock ¢f the
lowef layer denotes the macroblock(identified by having the same macroblock address as the current macroblock.

The decoding of the macrobloek higader information is done according to semantics in 6.3.17.

NPTE - Table B.8 whieli” is used if scalable mode = = "SNR scalability" will never set the macroblock]intra,
mpcroblock motion_forward or macroblock motion_backward flags, since a macroblock in the enhancement layer containf only
refinement data for the'cutrent macroblock of the lower layer.

Hpwever the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are relevant for the
cgmbined deceding process of lower and enhancement layer following the inverse DCT as described in 7.8.3.5.

7.8.2|1 det ype

The |syntax element dct type may be present in none, one or both of the lower and enhancement [layer

1.1 1 i OWAY S B I 4+l s 177
macr OUTOUR TITUUTH ), dS TIHUTUAITU U y " UTIC O UITIAIUIUS TIr . 3. 17

If dct_type is present in the macroblock modes() in both layers it shall have identical values.

7.8.22 Skipped Macrablocks

Macroblocks can be skipped in the enhancement layer bitstream, meaning that no coefficient enhancement is done
(F"enhancel V][ul = 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"jgwe[V][u] = 0, for all v, u.
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7.8.3

Block

The first part of the decoding process of the enhancement layer block is independent from the lower layer.

The second part of the decoding process of the enhancement layer block has to be done jointly with the decoding process
of the coincident lower layer block.

Two sets of inverse quantized coefficients F"jgywer and F"ephance are added to form F" (see Figure 7-15).

F"low

or 18 derived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.

F"enhance 18 derived as is defined in the clauses below.

Ther

esulting F" is further processed, starting with saturation, as defined in 7.4.3 to 7.6 (7.7, 7.9).

7.8.3
In an
indic
7.8.3

Inver

7.8.3
In an|

In th
quan

(oddilfication) and saturation specified in ISO/IEC 11172-2.

7.8.3

Corrg

If chijoma_simulcast = 1 is set only the luminance bloeks are treated as described above.

For
the ¢
AC ¢

N

Tablg
coeff]

1 Variablelength decoding

enhancement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra)blod
hited by macroblock intra = 0).

2 Inversescan

se scan shall be done exactly as defined in 7.3.

3 Inverse quantization
enhancement layer block the inverse quantization shall be performed according t6%/.4.2 as for a non-intra bloc

b case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not\this Specification), then the "in
ization arithmetic" used to derive F"|ower[VI[u] (see Figure 7-14) shall>include the IDCT mismatch ¢

4 Addition of coefficientsfrom thetwo layers

sponding coefficients from the blocks of each layer shall be added together to form F" (see Figure 7-15).

F"[v][u] = F"lower[VI[u] + F¥enhance[v][u], for all u, v

hrominance blocks the DC coefficient of ‘the base layer is used as a prediction of the DC coefficie
incident block in the enhancement lay€r, whereas the AC coefficients of the base layer are discardeq
befficients of the enhancement layer form F" in Figure 7-14 according to the following formulae:

EN0][0] = F"1ower[0][0] + F"cnhance[0][0]
E"[v][u] = F"enhance[V][u], for all u, v exceptu=v =0

DTE — Chroma simulCast-blocks are inverse quantized like non-intra blocks and use the chrominance non-intra matrix.

7-27 gives the’index of the chrominance block whose DC coefficient (F"|ower[0][0]) is to be used to predict th
cient in the ¢@incident chrominance block of the enhancement layer (F"ennance[01[0]).

Table 7-27 — Block index used to predict DC coefficient

k (as

k.

verse
ntrol

nt in
| and

106

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
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7.8.35 Remaining macroblock decoding steps

After addition of coefficients from the two layers, the remainder of the macroblock decoding steps is exactly as described
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 process, the spatio/temporal prediction p[y][x] is derived according to the macroblock type syntax elements and
flags for the current macroblock known from the lower layer bitstream.

7.9 Temporal scalability

Temporal scalability involves two layers, a lower layer and an enhancement layer. Both the lower and the enhancement
layers process the same spatial resolution. The enhancement layer enhances the temporal resolution of the lower layer
and if temporally re- multlplexed w1th the lower layer pr0V1des full temporal rate. Thls is the frame rate 1nd1cated in the
enhaffce '
descrjibed in 7.1 to 7 6. The only dlfference is in the "Predlctlon field and frame selectlon" descrlbed in 7.6.2.

The feference frames for prediction are selected by reference select code as described in Tables 7-28¢and 7-29. In
P-picfures, the forward reference picture can be one of the following three: most recent enhancement picture, most fecent
lowef layer frame, or next lower layer frame in display order. Note that in the latter case, the reference frame in ower
layer|used for prediction is backward in time.

Table 7-28 — Prediction references selection in P-pictures

reference_select_code Forward prediction reference
00 Most recent decoded enhancement picture(s)
01 Most recent lower layer frame in display order
10 Next lower layer frame in display,order
11 Forbidden

Table 7-29 — Prediction references selection in B-pictures

reference_ Forward prediction referehce 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 (fécent lower layer picture in display | Next lower layer picture in display order
ordet

In B{pictures, thetforward 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 lewer layer picture including temporally coincident picture in display order or next lower layer frape in
display ofder. Note that in this case, the backward reference frame in lower layer used for prediction is forward in tine.

Back : : a he-enhan h ering
in the enhancement layer MOthIl compensatlon process forms predlctlons usmg lower layer decoded plctures and/or
previous temporal prediction from the enhancement layer.

The enhancement layer can contain I-pictures, P-pictures or B-pictures, but B-pictures in enhancement layer behave
more like P-pictures in the sense that a decoded B-picture can be used to predict the following P-pictures or B-pictures in
the enhancement layer.

When the most recent frame in the lower layer is used as the reference, this includes the frame that is temporally
coincident with the frame or the first field (in case of field pictures) in the enhancement layer. The prediction references
used for P-picture and B-pictures are shown in Table 7-28 and Table 7-29 respectively.

The lower and enhancement layers shall use the restricted slice structure.
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Figure 7-16 shows a simplified diagram of the motion compensation process for the enhancement layer using temporal
scalability.

I-pictures do not use prediction references; to indicate this, the reference select code for I-pictures shall be '11'.

Depending on picture_coding_type, when forward temporal reference or backward temporal reference do not imply
references to be used for prediction, they shall take the value 0.

79.1 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 having layer id = ideppance and the lower
layer[having Tayer_1d = idenhance—1-

The qyntax and semantics of enhancement layers are as defined in 6.2 and 6.3 respectively.

Semantic restrictions apply to several values in the headers and extensions of the enhancement layer as follows.
The Ipwer layer shall conform to this Specification (and not to ISO/IEC 11172-2).

Sequence header

The yalues in this header can be different from the lower layer except for horizontal size, valiie, vertical size value and
aspedt_ratio_information.

Sequence extension

This [extension shall be identical to the one in the lower layer except for~values of profile and level indichtion,
bit rjte extension, vbv_buffer size extension, low delay, frame rate extension n and frame rate extension d. These
can He selected independently. Note that progressive sequence indicates\the scanning format of the enhancement|layer
framgs only rather than of the output frames after multiplexing. The lattér is indicated by mux_to_progressive seqfience
(see dequence scalable extension).

Sequence display extension

This pxtension shall not be present as there is no separate display process for the enhancement layer.
Sequgence scalable extension

This gxtension shall be present with scalable mode'="Temporal scalability".

Wheth progressive sequence = 0 and mux to.progressive sequence = 0, top_field first and picture_mux_factor cpn be
selected.

Wheth progressive_sequence = 0 and’mux to progressive sequence = 1, top_field first shall contain a complemgnt of
the value of top_field first of thedower layer but picture_ mux_factor shall be 1.

When progressive sequence, = | and mux to progressive sequence = 1, top field first shall be zerd but
pictufe mux_factor can be.selected.

The dombination of pfogressive sequence = 1 and mux_to_progressive_sequence = 0 shall not occur.
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T

gure 7-16 — Simplified-motion compensation processfor the enhancement layer using temporal scalability
GOR header

Ther¢ is no restriction on GOP header (if present) to be the same as that for lower layer.
Pictyre header

Ther¢ is-no-restriction on picture headers to be the same as in the lower layer.

Picture coding extension

The values in this extension can be different from the lower layer except for top field first,
concealment motion_vectors, and chroma 420 type and progressive frame. The top field first shall be based on
progressive_sequence and mux_to progressive sequence (see sequence scalable extension above) and
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.

Picturetemporal scalable extension

This extension shall be present for each picture.
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Quant matrix extension

This extension may be present in the enhancement layer.

792 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 picture being predicted. It is a requirement on the bitstreams that P-pictures and B-pictures shall form
predictions from most recent or next pictures as illustrated by Tables 7-28 and 7-29.

In case group of pictures header occurs very often in lower layer, ambiguity can occur due to possibility of
non-uniqueness of temporal references (which are reset at each group of pictures header). This ambiguity shall be
resolyed 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 @rjority breal§point
indicfites which syntax elements are placed in partition 0, which is the base partition (also called high priority partition).
The emainder of the bitstream is placed in partition 1 (which is also called low priority partition)."Sequence, GOR, and
pictufe headers are redundantly copied in partition 1 to facilitate error recovery. The, sequence end code if also
redur]dantly copied into partition 1. All fields in the redundant headers must be identical'to-the original ones. Thq only
extensions allowed (and required) in partition 1 are sequence extension(), ‘picture coding extension()| and
sequgnce scalable extension().
NPTE — The slice() syntax given in 6.2.4 is followed in both partitions up to (and including) the syntax element extra_bit_slice.

The ihterpretation of priority breakpoint is given in Table 7-30.

Table 7-30 — Priority breakpoint valuesand associated semantics

prlor%ﬁ?r eak Syntax elements included in partition zero
0 This value is reserved for\partition 1. All slices in partition 1 shall have a
priority breakpoint equal te,0.
1 All data at the sequeneg,.GOP, picture and slice() down to extra_bit_glice in slice().
2 All data included\above, plus macroblock syntax elements up to and including
macr oblock_address_increment.
3 All data sincluded 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.
27 ZAttsyntaxetementsabove; ptusupto- 6o, feveh DET coetfcrent pairs:
NOTE — A priority_breakpoint immediately following the DC coefficient is disallowed since it might cause
start code emulation.

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:
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— Set current partition to 0, and start decoding from bitstream that contains
sequence_scalable extension (partition 0).

—  If current partition = 0, check to see if the current point in the bitstream is a priority breakpoint.
If yes, set current _partition to 1. Next item will be decoded from partition 1.

Otherwise, continue decoding from partition 0. Remove sequence, GOP, and picture headers from
partitions.

—  If current_partition = 1, check the priority breakpoint to see if the next item to be decoded is expect
partition 0.

If yes, set current_partition to 0. Next item will be decoded from partition 0.

Otherwise, continue decoding from partition 1.

An example is shown in Figure 7-17 where the priority breakpoint is set at 64 [one (run, level) pair].

The ty
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o partitions are shown, with arrows indicating how the.deeoder needs to switch between partitions.

Figure 7-17 — A segment)from a bitstream with two partitions,
with priority_breakpoint set to 64 (one (run, level) pair)
Hybrid scalability

d scalability is the combinatipn\of two different types of scalability. The types of scalability that can be com
NR scalability, spatial scalability and temporal scalability. When two types of scalability are combined, the
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

the

both

ed in

bined
e are

layer_id Name
0 Base layer
1 Enhancement layer 1
2 Enhancement layer 2

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:
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Case

First

Case

1
base layer
<spatial or temporal scalability>
enhancement layer 1
<SNR scalability>

enhancement layer 2

decode the base layer, and then decode both enhancement layers simultaneously.

First

Case

First

7.12

This
to thi

The

genetjally multiplexed by means of a system.stream that also contains timing information.

The
order
the ¢
fields
displ
procd

Sincq
mode
deco

Whet
samp)

2
base layer
<SNR scalability>
enhancement layer 1
<spatial or temporal scalability>
enhancement layer 2
Hecode the base layer and the enhancement layer 1 simultaneously, and then decode the enhanicement layer 2.

3
base layer
<spatial or temporal scalability>
enhancement layer 1
<spatial or temporal scalability>

enhancement layer 2

Hecode the base layer, then decode the enhancement layer 1, and)finally decode enhancement layer 2.

Output of the decoding process

kubclause describes the output of the theoretical medél of the decoding process that decodes bitstreams confo
5 Specification.

lecoding process input is one or more coded video bitstreams (one for each of the layers). The video laye

in which fields or frames are output by the decoding process is called the display order, and may be different
ded order (when B-pictures-are/used). The display process is responsible for the action of displaying the de
or frames on a display deviee. If the display device cannot display at the frame rate indicated in the bitstrear
iy process may perform \frame rate conversion. This Specification does not describe a theoretical model of d
ss nor the operation-of the display process.

| of the deceding process, all the syntactic elements that are decoded by the decoding process are output b
ing process ‘and may be accessed by the display process.

| the progressive sequence is decoded (progressive sequence is equal to 1), the luminance and chromi
Jes-ofithe reconstructed frames are output by decoding process in the form of progressive frames and the outpy

is the

utput of the decoding process is a series of fields or frames that are normally the input of a display procesd.

ming

[S are

The
from
oded
h, the

splay

some of the syntax elements, such as progressive frame, may be needed by the display process, in this theoretical

y the

nance
t rate

frame rate Figan 7-1R illustrates this in the case of chroma format eqnak t04:2:0
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Figure 7-18 —progressive_sequéence==1

The dame reconstructed frame is output one time if repeat first field\is equal to 0, and two or three consecutive titpes if
repeat first field is equal to 1, depending on the value of top,field first. Figure 7-19 illustrates this in the cdse of
chrorha_format equals to 4:2:0 and repeat_first_field equals L.

Frame period
= 1/frame_rate
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T
top_field_first H.262(12)_F7-19

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.
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Frame period
= 1/frame_rate
Figure 7-20 — progressive_sequence ==
| requirement on the bitstream that the fields at the output of the decodingprocess shall always be alternate
ottom (note that the very first field of a sequence may be either top or bettom).

reconstructed frame is interlaced (progressive frame is equal ‘to 0), the luminance samples and chromil
les are output by the decoding process in the form of two conseeutive fields. The first field output by the dec
ss is the top field or the bottom field of the reconstructed frame; depending on the value of top_field first.

ugh all the samples of progressive frames represent theisame instant in time, all the samples are not output
time by the decoding process when the sequence is interlaced.

reconstructed frame is progressive (progressivelframe is equal to 1), the luminance samples are output b
ling process in the form of two or three consegtitive fields, depending on the value of repeat_first field.

DTE — The information that these fields originate- from the same progressive frame in the bitstream is conveyed to the d
ocess.

f the chrominance samples of the reconstructed progressive frame are output by the decoding process at the
s the first field of luminance samples. This is illustrated in Figures 7-21 and 7-22.
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Figure 7-21 — progressive_sequence == 0 with 4:2:0 chrominance
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Figure 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance

Profilesand levels

DTE — In this Specification the word "profile" is used as defined below. It should not be\confused with other definiti
rofile" and in particular it does not have the meaning that is defined by ISO/IE€~JTC1/Special Group on Fund
andardization.

es and levels provide a means of defining subsets of the syntax and sefaritics of this Specification and therel
ler capabilities required to decode a particular bitstream. A profile i$ a)defined subset of the entire bitstream s
s defined by this Specification. A level is a defined set of constraints imposed on parameters in the bitst]
brmance tests will be carried out against defined profiles at defined levels.

ns of
tional

y the
yntax
ream.

burpose of defining conformance points in the form of profiles and levels is to facilitate bitstream interchange

g different applications. Implementers of this Specification are encouraged to produce decoders and bitsts
h correspond to those defined conformance regions:‘Fhe discretely defined profiles and levels are the mea
pam interchange between applications of this Specifieation.

s clause the constrained parts of the defined profiles and levels are described. All syntactic elements and paral
s which are not explicitly constrained may-take any of the possible values that are allowed by this Specificati

genetal, a decoder shall be deemed to be conformant to a given profile at a given level if it is able to properly deco

allow
case

bitstr|
inclu

Atten]
speci

The
comp
Zero,

ed values of all syntactic elements as‘specified by that profile at that level. One exception to this rule exists
bf a Simple profile Main level déeoder, which must also be able to decode Main profile, Low level bitstreat
bam shall be deemed to be confermant if it does not exceed the allowed range of allowed values and dog
e disallowed syntactic elenjents.

tion is drawn to 5.4 which defines the convention for specifying a range of numbers. This is used through
fy the range of values‘and parameters.

brofile and leyvelindication in the sequence extension indicates the profile and level to which the bits
lies. The mast significant bit of profile and level indication is called 'escape bit'. When the escape bit is
the profilé and level are derived from profile_and level indication according to Tables 8-1, 8-2 and 8-3.

Table 8-1 —Meaning of bitsin profile_and_level_indication

eams
ns of

meter
n. In
de all
n the
ns. A
s not

ut to

ream
ket to

BiTs Field Size (bits) Meaning
[7:7] 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.
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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 —Level identification

Level identification Level
1011 to 1111 (Reserved)
1010 Low
1001 (Reserved)
1000 Main
0111 (Reserved)
0110 High 1440
0101 (Reserved)
0100 High
0011 (Reserved)
0010 HighP
0000 and 0001 (Reserved)

Tablg 8-4 describes profiles and levels when theescape bit equals 1. For these profiles and levels there is no implied
hierafchy from the assignment of profile rand level indication and profiles and levels are not necessarily subsg¢ts of
otherp.

Atterftion is drawn to Annex E, whielh'describes in detail those parts of ISO/IEC 13818-2 that are used for a given profile
and lgvel.
NPTE 1-0n 4:2:2 ProfileyThe Rec. ITU-T H.262 | ISO/IEC 13818-2 compression algorithm exploits temporal redundlancy,
spatial redundancy, and human’psycho-visual properties and is not a lossless algorithm. For sequences with substantial spatipl and

tefporal redundanciesy~on without many sharp lines/edges, the quality of the sequences obtained after decompression will be
higher than that obtainred-for sequences with lower redundancy, or with a large number of sharp lines/edges.

The 4:2:2 profile‘canprovide 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 pll the
bi} streams.decodable by MP@ML decoders.

The 4:2:2 profile does not support scalability. This allows implementation architectures to be similar to those of MP@ML.

This“pro e an-be sed1or - app ations-—reg ng m plegenerations of encoding and decoding n-the ase_Q lltlple
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 Rec. ITU-T 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.
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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
TOUUTUTO Multi-view protile (@ High level
10000110 to 10001001 (Reserved)
10000101 4:2:2 profile @ Main level
10000011 to 10000100 (Reserved)
10000010 4:2:2 profile @ High level
10000000 to 10000001 (Reserved)

A mdnoscopic coding with the same tools as Main Profile (MP), including ISOAEC 11172-2, is applied to the base

An el

utiliz

MVP

ed in the enhanced layer.

compjatibility features other scalable profiles have, such as compatibility with MP. For example:

8.1
ISO/]

the corresponding Level (i.e. forward compatibility);
MVP (i.e. backward compatibility).

ISO/IEC 11172-2 compatibility:

Scalaple and High profile decoders at.all levels. Additionally Simple, Main, SNR Scalable, Spatially Scalable and

profi

e decoders shall be able to_de¢ode D-pictures-only bitstreams of ISO/IEC 11172-2 which are within the

constraints of the decoder.

8.2
The

Relationship-between defined profiles

syntajk supported By-a 'higher' profile includes all the syntactic elements of 'lower' profiles (e.g. for a given level, a

profi
same

The

e decodershall be able to decode a bitstream conforming to Simple profile restrictions). For a given profil
syntax.set is supported regardless of level. The order of hierarchy is given in Table 8-2.

layer.

hhancement layer is coded using Temporal Scalability tools and a hybrid prediction of motions and disparity dan be

, viewed as one of the scalable profiles in terms of multiple viéwpoint layers, is expected to have the same type of
1) decoders compliant to MVP at a certain Level are-Capable of decoding the bitstreams compliant to IMP at

2) decoders compliant to MP at a certain L.evel are capable of decoding the bitstream in the base layer of

EC 11172-2 "constrained parameter" bitstreams shall be decodable by Simple, Main, SNR Scalable, Spgtially

High
level

bimple, Main, SNR Scalable, Spatially Scalable and High profiles have a hierarchical relationship. Therefofe the

Main
e, the

yiitactic differences between constraints of profiles are given in Table 8-5. This table describes the limits which

appl
Main

4+ losttast Neota sloos Qo 1 D £:1 £ R | q 41 1.1 4+ £.11 d d lootla Qo 1
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level and Main profile, Low level bitstreams.

Rec. ITU-T H.262 (02/2012)

ofile,

117


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

ISO/IEC 13818-2:2013 (E)

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 0r4:2:04:2:2 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_ratio_information | 0001, 0010, | 0001, 0010, [ 0001, 0010, | 0001, 0010, | 0001, 0010, [ 0001, 0010, | 0001, 0010,
0011 0011 0011 0011 0011 0011 0011

picture coding type LLP I.LP.B I.P.B ILP.B ILP.B ILP.B I.LP.B
repegt_first_field Constrained Unconstrained Constrained |UnconStfained
sequgnce_scalable No No Yes Yes Yes No Yes
extenision()
scalable mode - - SNR SNR or SNR or - Tempdgral

Spatial Spatial
pictufe_spatial_scalable No No No Yes Yes No No
extenision()
pictufe_temporal_scalable No No No No No No Ye
extenision()
intral dc_precision 8,9,10 8,9,10 8,9,10 8,9,10 8,9,10,11 | 8,9,10,11 8,9,10
Sliceptructure Restricted

6,162.2

For qll defined profiles, there is a semantic restriction on the bitstteam that all of the data for a macroblock shall be
repregented with not more than the number of bits indicated by~Fable 8-6. However, a maximum of two macroblog¢ks in
each horizontal row of macroblocks may exceed this limitation:

Table 8-6 — Maximum\number of bitsin 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 njagroblock is deemed to start with the first bit of the macroblock address incremert (or
macrpblock escapeidf-any) and continues until the last bit of the macroblock() syntactic structure. The bits requifed to
reprepent any sliee() 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 rat¢, and
VBV|buffer'size. Refer to Tables 8-12, 8-13 and 8-14.

D ot Qs 1 £11 o NAas 1 1 1 + clhaoll 1 N £ 1 s LW, P £11 T l 1
cC IS aratT arC—oTpPTC PTroTHC— (U 1vidlll 1v VO COTIPTTIANT STrdr oC—vapaviv— 0T GUCOUTITE—IvidnT proiv— g 1ZOwW cve

bitstreams.

821 Useof 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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Table8-7—Constraintson use of repeat_first_field for Simple and Main Profiles

Repeat_first_field
frame rate code frame_rate_value progressive progressive
sequence==0 sequence==1
0000 Forbidden
0001 24 000 + 1001 (23.976...) 0 0
0010 24 0 0
0011 25 Oorl 0
0100 30 000 = 1001 (29.97...) Oorl 0
0101 30 Oorl 0
0110 50 Oorl 0
0111 60 000 + 1001 (59.94...) Oorl Oorl
1000 60 Oorl Oorl
Reserved
1111 Reserved

Addi

Addi

8.3

The ]
ofa’'
able {

The d

8.4

The §
Thes
obtai
Tablg
profi

ional constraints exist for Main profile @ Main level and Simple profile @, Main level only:

e if (vertical size > 480 lines) or (frame rate is "25Hz") then if picture coding_type == 011 (i.e. B-pig
repeat_first field shall be 0.

e if vertical size > 480 lines frame_rate shall be "25Hz"

ionally, the following constraints exist for 4:2:2 profile @ Main’level only:
e if vertical size > 512 lines,
then if picture_coding_type=011 (i.e. B-pictare), repeat_first field shall be 0;

e ifvertical size > 512 lines frame rate shall be "25Hz".

Relationship between defined levels

higher' level equal or exceed the eonstraints of 'lower' levels (e.g. for a given profile, a Main level decoder sh|
0 decode a bitstream conforming\to Low level restrictions). The order of hierarchy is given in Table 8-3.

ifferent parameter constraints/for levels are given in Table 8-8.

Scalable layers

bNR Scalable,Spatial Scalable, High and Multi-view profiles may use more than one bitstream to code the i

8-13

ture),

Low, Main, High-1440, High and HighP)levels have a hierarchical relationship. Therefore the parameter constraints

all be

age.

b different bitstreams represent layers of coding, which when combined create a higher quality image thap that
hable from, one layer alone (see Annex F). The maximum number of layers for a given profile is specified in
8-9. The scalable layers are named according to Table 7-31. The syntactic and parameter constraints for [these
e/level' combinations when coded using the maximum permitted number of layers are given in Tables 8-11,(8-12,
and’ 8-14. When the number of layers is less than the maximum permitted, reference should also be made to

Tables E-21 to E-46 as appropriate.

It should be noted that a bitstream of the base layer of SNR Scalable and Multi-view profiles can always be decoded by a
Main profile decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by either SNR Scalable
or Multi-view profile decoder of equivalent level.
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Table 8-8 — Parameter constraintsfor levels

Level
Syntactic Element Low Main High-1440 High HighP

f_code[0][0] (forward horizontal) [1:7] [1:8] [1:9] [1:9] [1:9]
f_code[1][0]?) (backward horizontal) [1:7] [1:8] [1:9] [1:9] [1:9]
frame rate code [1:5] [1:5] [1:8] [1:8] [1:8]
picture_structure '01','10,'11' | '01','10','11" | '01','10,'11" '01','10,'11' et
frame_pred_frame_dct [0:1] [0:1] [0:1] [0:1] 1

Sample Density Table 8-11

Lufninance Sample Rate Table 8-12

Makimum Bit Rate Table 8-13

Buffer Size Table 8-14
Framg picture

f_cpde[0][1] (forward vertical) [1:4] [1:5] [1:5] [1:5] [1:5]

f_cpde[1][1]® (backward vertical) [1:4] [1:5] [1:5] [1:5] [1:5]

Veftical vector range? [-64:63.5] [-128:127.5] | [-128:127.5] [-128(127.5] [-128:127.5]
Field picture

f_cpde[0][1] (forward vertical) [1:3] [1:4] [1:4] [1:4] NA9)

f_cpde[1][1] (backward vertical) [1:3] [1:4] [1:4] [1:4] NA©

Veftical vector range? [-32:31.5] [-64:63.5] [-64:63'5] [-64:63.5] NA©

a)
b)

<)

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).

This restriction applies to the final reconstructed motion vector. In the caSe’of dual prime motion vectors, this restriction
applies to all the following values:

vector'[0][0][ 1]

((vector'[0][0][1] * m[parity ref][parity pred])//2)

((vector'[0][0][1] * m[parity ref][parity pred])//2) + e[parity, ref][parity pred]

((vector'[0][0][1] * m[parity ref][parity pred])//2) + dmyector[1]

((vector'[0][0][1] * m[parity ref][parity pred])//2) + efparity ref][parity pred] + dmvector[1]

In this table, 'NA' indicates a constraint that does not.apply due to a constraint on the value of picture_structure.

T4qble 8-9 — Upper boundsfor scalable layersin SNR Scalable, Spatial Scalable, High and Multi-view profi

es

1

Profile

evel Maximum Number of - - -
SNR Spatial High Multi-y

iew

High All layers (base’+ enhancement)

Spatial enliancement layers
SNR enhancement layers
Temporal auxiliary layers

— o oM

Higl

-1440 All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

— o OoON

Main All layers (base + enhancement)

Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

O = =W
O~ —W|loOo——,W|[|O—m—Ww

— oo

Low

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

OS—= O O = O N

— o oN
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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.)

e (level—1)is defined as follows:

— if'level is Main, (level — 1) is Low;

— iflevel is High — 1440, (level — 1) is Main;

— iflevel is High, (level — 1) is High — 1440.

Table 8-10 — Permissible layer combinations
Scalable mode Profile/level
of simplest base layer decoder
Profile Base layer Enhancement layer 1 Enhancement layerQ (level reference top layer) ¥
SNR 4:2:0 SNR, 4:2:0 - MP@same level
Spatjal 4:2:0 SNR, 4:2:0 — MP@same level
Spatjial 4:2:0 Spatial, 4:2:0 b MP@(level — 1)
Spaial 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 MP@(level — 1)
Spatjal 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
Hig} 4:2:0 SNR, 4:2:0 - HP@same level
Hig} 4:2:0 SNR, 4:2:2 - HP@same level
Higl 4:2:2 SNR, 4:2:2 - HP@same level
Higl 4:2:0 Spatial;4:2:0 - HP@(level — 1)
Higl 4:2:0 Spatial;4:2:2 - HP@(level — 1)
Higl 4:2:2 Spatial, 4:2:2 - HP@(level — 1) ®)
Higl 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 HP@(level — 1)
Higl 4:2:0 SNR, 4:2:0 Spatial, 4:2:2 HP@(level — 1)
Higl 4:2:0 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®
Higl 4:2:2 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®)
Higt 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 HP@(level — 1)
Higt 4:2;0 Spatial, 4:2:0 SNR, 4:2:2 HP@(level — 1)
Hig} 4:2:0 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1)
Hig} 4:2:2 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1) )
Mulji-view 4:2:0 Temporal, 4:2:0 - MP@same level
3 | The Siniplest compliant decoder to decode the base layer is specified, assuming that bitstream may contain any syntay and
parameter value permitted for the stated profile @ level, except scalability. Note that for High profile @ Main level spafially
scaled bitstreams, 'HP @ (level — 1) becomes 'MP @ (level — 1)'. In the event that a base layer bitstream uses fewer synthctic

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.21 to E.52.
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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.

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 [-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 layet frame
shall not be used.

— If base and enhancement layers do not have the same value for top field first, thete shall he no
macroblocks that are coded with macroblock _motion_forward zero and macroblock intta’ zero.

—  If base and enhancement layer do not have the same value for top field first, there’shall be no skipped
macroblocks.

In a B-field picture which is the first field of a frame, the prediction shall not make refetence to the second field ¢f the
correpponding base layer frame.

It is inherent in the Multi-view Profile that the two layers are tightly coupled to, one-another. It is a requirement thpt the
pictufes in enhancement layer shall be decoded immediately after their corresponding required reference picturgs are
decodled unless this requirement makes one to decode the enhancement layer pictures out of display order. In that|case,
the pictures in the enhancement layer should be decoded in the display order:

8.5 Parameter valuesfor defined profiles, levels and‘layers
See Table 8-11.
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Spatial Profile
Level resolution
layer Simple Main SNR Spatial High 4:2:2 Multi
Enhancement | Samples/line 1920
Lines/frame 1088
Frames/sec 60
HighP -
Lower Samples/line
Lines/frame -
Frames/sec
Enhancement | Samples/line 1920 1920 1920 1920
FimesHranme 1688 1688 1688 1688
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 Lines/frame 1088 1088 1088 - 1088
Frames/sec 60 60 60 60
Lower Samples/line 720 720 1440
Lines/frame - 576 576 - 1088
Frames/sec 30 30 60
Enhancement | Samples/line 720 720 720 720 720 720
Ma|n Lines/frame | 576 576 576 576 608 @) 576
Frames/sec 30 30 30 30 30 30
Lower Samples/line 352 720
Lines/frame - - - 288 - 576
Frames/sec 30 30
Enhancement | Samples/line 352 352 352
Loy 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, thelimits specified by 'Enhancement layer' apply.
) 412 lines/frame for 525/60, 608 lines/framé for 625/50
The dyntactic elements referenced by this table are as follows:
—  samples/line;- ‘horizontal size;
—  lines/frame*\ _vertical_size;
—  frames/sec./ frame rate.
The ypper bound for‘frame_rate is the same for both progressive sequence == 0 and progressive_sequence == 1.
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Table 8-12 — Upper boundsfor luminance sample rate (samples/s)

Spatial Profile
Level resolution
layer Simple Main SNR Spatial High 4:2:2 Multi-view
HighP | Enhancement 125337600 -
Lower - -
High Enhancement 62 668 800 62668 800 (4:2:2) 62 668 800 62668 800
83558400 (4:2:0)
Lower = 14745 600 (4:2:2) — 62 668 800
19660 800 (4:2:0)
Hight |Enhancement 47001 600 47001600 | 47001600 (4:2:2) - 47001 p00
1440 62 668 800 (4:2:0)
Lower - 10368000 | 11059200 (4:2:2) 3 47001 p00
14 745 600 (4:2:0)
Mairf | Enhancement | 10368000 | 10368000 | 10368000 11059200 (4:2:2) 11059200 10368 P00
14745 600 (4:2:0)
Lower - - - - 1036800
3,041.280 (4:2:0)
Low Enhancement 3041280 | 3041280 - 3041p80
Lower - — - 3041p80
NOTE — In the case of single layer or SNR scaled coding, the limits.specified by "Enhancement layer" apply.
The lpminance sample rate P is defined as follows:
—  For progressive sequence == 1:
P = (16 * ((horizontal _size+'15) / 16)) x (16 * ((vertical size + 15) / 16)) x frame_rate
—  For progressive_sequence == 0:
P = (16 * ((horizontal_size + 15) / 16)) x (32 * ((vertical size + 31)/32)) x frame_rate
8.6 Compatibility requirements on decoders
Tablg 8-15 defines the réquirements 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
indicfition marked.by. an X in the column. In case of scalable hierarchy of bitstreams, the profile and level indicatign are
that df the upper layer.
NPTE - ForProfiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitstream cpntain
the profile and level indication of the "simplest" decoder which is capable of successfully decoding that layer of the bitstrepm. In
the case'where the profile_and_level indication Escape bit == 0, this will be the numerically largest of the possible valid values of
pi ﬁlpiandilp\ p]iindir‘aﬁn‘n
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Table 8-13 — Upper boundsfor bit rates (Mbit/s)

Profile
Level
Simple Main SNR Spatial High 4:2:2 Multi-view
HighP 80
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
+5basc la_yCl 20base ‘1ay01 60-basc ayer
Mairn - 20 all layers v~
15 15 15 both layers 15 middle + base layer 50 25"both layers
10 base layer 4 base layer 1'5 base layer
Low - -
4 4 both layers 3 8 both layers
3 base layer 4 base lgyer

NOTE 1 — This table defines the maximum rate of operation of the VBV for a coded bitstream of the/given profile and level

rate ik indicated by bit_rate (see 6.3.3).

This

NOTEE 2 — This table defines the maximum permissible data rate for all layers up to and including the stated layer. For multi{layer
codirlg applications, the data rate apportioned between layers is constrained only by the maxinum rate permitted for a given layer as
statedl in this table.

NOTEE 3 — 1 Mbit =1 000 000 bits

Table 8-14 — VBV buffer sizexequirements (bits)

Profile
Levkel Layer
Simple Main SNR Spatial High 4:2:2 Multiqview
HighP | Enhancement 2
Enhancement 1
Base 9 781 248
High Enhancement 2 12 222 464 —
Enhancement 1 9 781 248 15 894 480
Base 9 781 248 3047424 | 47185920 | 9787248
Hight | Enhancement 2 7340032 | 9781248 -
1440 Enhancement 1 4 882 432 7 340 032 - 12 223 464
Base 7 340 032 1 835008 2441216 7 34( 032
Main Enhancemént2 - 2441216 -
Enhancement 1 1 835008 1 835008 3047 424
Base 1835008 | 1835008 | 1212416 475136 | 9437184 | 1833008
Low Enhancement 2 - - -
Enhancement 1 475136 950 272
Base 475 136 360448 473 136

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 total decoder buffer size required to decode all layers up to and including the stated layer. For multi-
layer coding applications, the allocation of buffer memory between layers is constrained only by the maximum size permitted for a

given layer as stated in this table.

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 profilesand levels

Decoder
Profileand Level HP HP HP |Spatial| SNR | SNR MP | MP | MP | MP | MP SP | 4:2.2P | 4:2.2P |MVP| MVP | MVP | MVP
int?iit(::g:r:n @HL |@H-14|@ML|@H-14| @GML | @LL |@HPL |@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[@tE X X X X X X
MP@HPL X
MP@HL X X | X x9) | x
MP@H-14 X | X X X | X | X X9 | x | X
MP@ML X| X | x| X | X X | X | X | X xP) | x9) | xJOx | X
MP@LL X | X [ x| X | x| x| x|x|x |x|x [xxD x40 x| x [[x
SP@ML X| x | x| x| x X | x| x | x X | xD | xONx | x | x
ISOfECTII722 | X | X | X | X | X | X | X | x| x | x| x | x| x| x| x | x [[x
42:4@mL XN x9)
4:2:A@HL X
MVI@HL X
MVR@H-14 X X
MViE@ML X X X
MVR@LL X X X X
X | indicates that the decoder shall be able to decode the bit stream, including all relevant lower layers.
a) SP@ML decoders are required to decode MP@LL bitstreams,
b) | A4:2:2 profile@Main level decoder shall be able to decode Main profile@Main level, Main profile@Low level and
Simple profile@Main level bitstreams, as well as [SO/IECHH 172-2 constrained system parameter bitstreams.
©) | A42:2 profile@High level decoder shall be able to decode 4:2:2P@ML, MP@HL, MP@H-14, MP@ML, MP@LL
and SP@ML, as well as ISO/IEC 11172-2 constrained system parameter bitstreams.
9 Registration of copyright rdentifiers
9.1 General

Parts|1, 2, and 3 of ISO/IEQ 13818 provide support for the management of audiovisual works copyrighting. In| Rec.

ITU-T H.222.0 | ISO/IEC13818-1 [6] this is by means of a copyright descriptor, while Rec. ITU-T H.
ISO/IEC 13818-2 and ISO/IEC 13818-3 [14] contain fields for identifying copyright holders through syntax fields

D62 |
n the

elem¢ntary stream ,syntax. This Recommendation | International Standard presents the method of obtaining and

regisfering copyrightudentifiers in Rec. ITU-T H.262 | ISO/IEC 13818-2.
Rec.

TU-T H:262 | ISO/IEC 13818-2 specifies a unique 32-bit copyright identifier which is a work type code identifier
(suchj as ISBN; ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables identificatio
wide [number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a synta
semahtie“for identifying the andiovisual works or other copyrighted works within that particular copyright organii

h of a
k and
ation

through appropriate use of the variable length additional copyright_info field which contains the copyright number.

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 Rec. ITU-T 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).
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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 Rec.
ITU-T H.262 | ISO/IEC 13818-2 has been denied by the Registration Authority.

Annexes G, H and I to this Specification provide information on the procedures for registering a unique
copyright identifier.
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Annex A

I nver se discr ete cosine transform

(This annex forms an integral part of this Recommendation | International Standard.)

The N x N two-dimensional mathematical real-number inverse discrete cosine transform (IDCT) is defined as:

N-1N-1I
2 (2x+1)un (2y+1)v1t
f(x,y)= C(u)C(v)F(u,v)cos
() =D 2 CCF(u,v) ~
u 0v=0
with uv,x,y=0,1,2,... N—1
wherg X, y are spatial coordinates in the sample domain
u, v are coordinates in the transform domain
f(x, y) and F(u, v) are real numbers for each pair of values (x, y) and (@)-y)
7 is Archimedes' constant 3.141 592 653 589 793 238 462 643 ...
1 foruv=0
Cw), C(v) = 142
1 otherwise
The )N X N two-dimensional mathematical real-number discrete cosine transform (DCT) is defined as:

wherg

The
deco

For p
The 1

with
deno
perfol

The |
integ
requi
error.
N
dg

F(u,v)=— C(u)C(v)z Z f(x, y)cos

(2x l)un (2y +1)vn
x=0y=0 2N

2N

X, Y, U, v, f(x, y) and F(u, v) are defined as given abe¥e for the IDCT definition.

Hefinition of the DCT (also called forward DCE) is purely informative. The forward DCT is not used b
ling process specified in this Specification.

urposes of this Specification, the value of NN shall be considered equal to 8.

nathematical integer-number IDCT is defined as:

f'(x, y) = round(f(x, y))

[(X, y) produced by the mathematical real-number IDCT as specified above for each value of x and y, where ro
es rounding to the nearest/integer, with half-integer values rounded away from zero. No clamping or saturat
rmed.

DCT function uSed in the decoding process for computation of the integer values f[y][X] may use any meth
br approximation” of the mathematical integer-number IDCT results f'(x, y), provided that it conforms
Fements speeified in ISO/IEC 23002-1 and its Annexes A and B and has sufficient precision so that signi
do notweetr in the final values of the integers.

DTE(—\In addition to the above requirement, it is desirable that the integer output of the IDCT function f[y][X] used
coding process additionally produces output that is as close as feasible to the result of the mathematical integer-number

y the

und()
on is

od of
to all
ficant

in the
IDCT

f

X, y) 1or mput values causing onc¢ or more elements 17°(X, y) of the oufput of the mathematical mieger-number 1D

somewhat exceed the range of [-384, 383].
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B.1

Macrablock addressing

See Table B.1.

Annex B

Variablelength code tables

(This annex forms an integral part of this Recommendation | International Standard.)

|SO/IEC 13818-2:2013 (E)

=l
I

1 S ol ! £ 1l ! 1l : -
[z19] 15 Bl —‘V'dl AU TENTYLT CUOUCS TUL TTTall UUTUUK _ AUUT a5 1L EITIET U

macroblock_address
increment VLC code

Increment value

macroblock_address
increment VLC code

Increment value

1 1 0000 0101 01 18
011 2 0000 0101 00 19
010 3 0000 0100 11 20
0011 4 0000 0100 10 21
0010 5 0000 0100 011 22
0001 1 6 0000 0100 010 23
0001 0 7 0000 0100 001 24
0000 111 8 0000 0100 000 25
0000 110 9 0000 0011 M1 26
0000 1011 10 00000041 110 27
0000 1010 11 0000 0011 101 28
0000 1001 12 0000 0011 100 29
0000 1000 13 0000 0011 011 30
0000 0111 14 0000 0011 010 31
0000 0110 15 0000 0011 001 32
0000 0101 11 16 0000 0011 000 33
0000 0101 10 17 0000 0001 000 macroblock escape

DTE — The "macroblock stuffing” entry that is available in ISO/IEC 11172-2 is not available in this Specification.
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B.2 Macrablock type
The properties of the macroblock are determined by the macroblock type VLC according to Tables B.2 to B.8.

Table B.2 —Variablelength codes for macroblock_typein I-pictures

macroblock_type VL C code

macr oblock_quant

macroblock_motion_forward

macr oblock_motion_backward

macr oblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes

Description
1 ojfofjfojof1ry]o Intra 0
01 1 o001 0 Intra, Quant 0

Table B.3 —Variable length codes for macroblack “typein P-pictures

macroblock_type VL C code

macr oblock_quant

macr oblock_motion_forward

macr oblock_metton_backward

macr obleck_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description
1 ol1{0]11f[0]O0 MC, Coded 0
01 ojofjfoj|l1f{o]o0 No MC, Coded 0
001 oOofrfofoOo[O]O MC, Not Coded 0
0001 1 ojfofjfojof1ry]o Intra 0
00010 1)1 {0]1f[0]O0 MC, Coded, Quant 0
0000 1 11001 f[O0fO No MC, Coded, Quant 0
0000 01 1{ofof[O0fT1(fO Intra, Quant 0
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Table B.4 —Variable length codes for macroblock _typein B-pictures

macroblock_type VL C code

macr oblock_quant

macr oblock_motion_forward

macr oblock_motion_backward
macr oblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description
10 0] 1 1 01]0 Interp, Not Coded 0
11 0ol1]1 010 Interp, Coded 0
010 0101 010 Bwd, Not Coded 0
011 0101 010 Bwd, Coded 0
0010 of1{|O0 0foO0 Fwd, Not Coded 0
0011 011(0 010 Fwd, Coded 0
0001 1 010(0O 110 Intra 0
0001 0 1 1 1 01]0 Interp, Coded, Quant 0
0000 11 1 110 0foO0 FwdyCoded, Quant 0
0000 10 1101 010 Bwd, Coded, Quant 0
0000 01 1100 110 Intra, Quant 0

Table B.5—Variable length codes for macroblock _typein I-pictureswith spatial scalability

macroblock_type VL C code

macr oblockguant

macr oblock_motion_forward

macr oblock_motion_backward

macroblock_pattern

macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description
I ojofo]1f[0]O Coded, Compatible 4
01 110f0]1[07]0O0 Coded, Compatible, Quant 4
UUTI U U U U I U Intra U
0010 1{ofof[O0fT1(fO Intra, Quant 0
0001 ojJofo]Jofo0o]oO Not Coded, Compatible 4
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Table B.6 —Variable length codes for macroblock _typein P-pictureswith spatial scalability

macroblock_type VL C code
macr oblock_quant
macr oblock_motion_forward
macr oblock_motion_backward
macr oblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

10 of1{o)1f{o0]O0 MC, Coded 0
011 oOjJ1fo0o]1[O0]1 MC, Coded, Compatible 12,3
0000 100 ojofo|l1foq]o0 No MC, Coded 0
0001 11 ojJofo]1fo0]1 No MC, Coded, Compatible 1,2,3
0010 ofrfofoflo]O MC, Not Coded 0
0000 111 ojfofjfojof1ry]o Intra 0
0011 oOjJ1[0]O0fO0]1 MC, Not coded,¢Compatible 1,2,3
010 1 Ij]o|l1]0]O MC, Coded; Quant 0
0001 00 11001 f|[O0fO No ME,,Coded, Quant 0
0000 110 1{ofofoOofT1(fO Intra, Quant 0
11 1 10| 1([0]1 MC; Coded, Compatible, Quant 1,2,3
0001 01 1100 1T([0]1 No MC, Coded, Compatible,Quant 1,2,3
0001 10 0O]J]O0f[O0O]O]|O0] & No MC, Not Coded, Compatible 1,2,3
0000 101 0O]JO0f[O0] 11070 Coded, Compatible 4
0000 010 110([0]d¢[0]0O0 Coded, Compatible, Quant 4
0000 011 O[O0 [ONNO|[O]O Not Coded, Compatible 4
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Table B.7 —Variable length codes for macroblock _typein B-pictureswith spatial scalability

macroblock_type VL C code
macr oblock_quant
macr oblock_motion_forward
macr oblock_motion_backward
macr oblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

10 0] 1 1]10[0]O0 Interp, Not coded 0
11 of1{1|)1fo0]o0 Interp, Coded 0
010 ojof1]0f[O0]O0 Back, Not coded 0
011 ofoj1f{1rj0foO Back, Coded 0
0010 of1]o0fojofoO For, Not coded 0
0011 of1]o0f1]0f]oO For, Coded 0
0001 10 ofof1f[ofoO0]fT1 Back, Not Coded;, Cempatible 1,2,3
0001 11 0101 1101 Back, Coded, €ompatible 1,2,3
0001 00 O]J1[0]0O0[O0]1 For, Not €oded, Compatible 1,2,3
0001 01 oOjJ1f(0]1[O0]1 Fory, Coded, Compatible 1,2,3
0000 110 ofofofof|1]oO Intra 0
0000 111 1 1 1 110(0 Interp, Coded, Quant 0
0000 100 1 1101 ]10/{60 For, Coded, Quant 0
0000 101 1jo|1]1]070 Back, Coded, Quant 0
0000 0100 IL{ofofO 1 ]|oO Intra, Quant 0
0000 0101 1 1 ONNT O [ 1 For, Coded, Compatible, Quant 1,2,3
000001100 11011 1101 Back, Coded, Compatible, Quant 1,2,3
000001110 0O~40[0]O0f[O0]O Not Coded, Compatible 4
00000110 1 pyofoyl1foj]o Coded, Compatible, Quant 4
00000111 1 ofojJof1rjofo Coded, Compatible 4
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Table B.8 —Variable length codes for macroblock_typein I-pictures, P-picturesand
B-pictureswith SNR scalability

macr oblock_type VL C code

macr oblock_quant

macr oblock_motion_forward

macr oblock_motion_backward

macr oblock_pattern

macroblock_intra

Spatta_tempora_weght_tode_ftag

permitted spatial_temporal_weight_classes
Description
1 ojofjfo|l1foj]o0 Coded 0
01 11001 f|[O0fO Coded, Quant 0
001 ojofjfojofoj]o Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are grocessed 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 Macrablock pattern

See Table B.9.

Table B.9 —Variablelength codesfor coded_block_pattern

|SO/IEC 13818-2:2013 (E)

coded_block_pattern

coded_block_pattern

VLC code cbp VLC code cbp
111 60 0001 1100 35
1101 4 0001 1011 13
1100 8 0001 1010 49
1011 16 0001 1001 21
1010 32 0001 1000 41
1001 1 12 0001 0111 14
1001 0 48 0001 0110 50
1000 1 20 0001 0101 22
1000 0 40 0001 0100 42
01111 28 0001 0011 15
01110 44 0001 0010 51
01101 52 0001 0001 23
01100 56 0001 0000 43
0101 1 1 0000"N11 25
01010 61 0000 1110 37
01001 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 00000111 30
0010 110 9 0000 0110 46
0010 104 17 0000 0101 54
0016, 100 33 0000 0100 58
0010 011 6 0000 0011 1 31
0010010 10 0000 0011 0 47
0010 001 18 0000 0010 1 55
501+0-000 34 5060-00+0-0 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_codefr][s][t]

0000 0011 001 -16
0000 0011 011 —15
0000 0011 101 -14
0000 0011 111 -13
0000 0100 001 -12
0000 0100 011 -11
0000 0100 11 -10
0000 0101 01 -9
0000 0101 11 -8
00000111 -7
0000 1001 -6
0000 1011 -5
0000 111 -4
0001 1 -3
0011 -2
011 —1
1 0

010 1

0010 2

0001 0 3

0000 110 4

0000 101Q 5

00001000 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]

Code Value
11 -1
0 0
10 1

|SO/IEC 13818-2:2013 (E)

B.5
See T

DCT coefficients

ables B.12 to B.16.

Table B.12 —Variablelength codesfor dct_dc_size luminance

Variable length code dct_dc_size luminance
100 0
00 1
01 2
101 3
110 4
1110 5
11110 6
1111 10 7
1111110 8
11111110 9
1111 11110 10
1111111 11

Table B.13=\Variable length codesfor dct_dc_size chrominance

Variable length code dct_dc_size chrominance
00 0
01 1
10 2
110 3
1110 4
11110 5
111110 6
1111 110 7
11111110 8
111111110 9
1111 1111 10 10
1111 1111 11 11
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Table B.14 — DCT coefficients Table zero

Variable length code (Note 1) Run Level

10 (Note 2) End of Block

1 s (Note 3) 0 1
11 s (Note 4) 0 1
0Ils 1 1
0100 s 0 2
0101 s 2 1
0010 1s 0 3
00111s 3 1
00110s 4 1
0001 10 s 1 2
0001 11s 5 1
0001 01s 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

00100110s 0 5
0010 0001 s 0 6
00100101 s 1 3
00100100 s 3 2
00100111 s 10 1
0010 0011 s 11 1
00100010 s 12 1
0010 0000 s 13 1
0000 0010 10 s 0 7
0000 0011 00 1 4
0000 001011 s 2 3
00000011 11s 4 2
0000 001001 s 5 2
0000 0011 10 s 14 1
0000 0011 01 s 15 1
0000 0010 00 s 16 1
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Table B.14 — DCT coefficients Table zer o (continued)

Variable length code (Note 1) Run Level
0000 0001 1101 s 0 8
0000 0001 1000 s 0 9
0000 0001 0011 s 0 10
0000 0001 0000 s 0 11
0000 0001 1011 s 1 5
0000 0001 0100 s 2 4
0000 0001 1100 s 3 3
0000 0001 0010 's 4 3
0000 0001 1110's 6 2
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 0's 0 12
0000 0000 11001 s 0 13
0000 0000 11000 s 0 14
0000 0000 1011 1s 0 15
0000 0000 1011 0's 1 6
0000 0000 10101 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0 s 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000,0's 10 2
0000 0000 LHT 1 s 22 1
0000 0000/11110's 23 1
00000000 11101 s 24 1
0000 0000 11100 s 25 1
0000 0000 1101 1s 26 1
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Table B.14 — DCT coefficients Table zer o (continued)

Variable length code (Note 1) Run Level
0000 0000 0111 11's 0 16
0000 0000 0111 10 s 0 17
0000 0000 0111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10 s 0 21
0000 0000 011001 s 0 22
0000 0000 0110 00 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10's 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 A7
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 0010011 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 1'10's 1 9
0000 0000 00117101 s 1 10
0000 0000/0011 100 s 1 11
00000000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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TableB.14 —DCT coefficients Table zer o (concluded)

Variable length code (Note 1) Run Level
0000 0000 0001 0011 s 1 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s 1 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
0000 0000 0001 1001 s 12 2
0000 0000 0001 1000 s 13 2
0000 0000 0001 0111 s 14 2
0000 0000 0001 0110 s 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 I
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 the.block.

NOTE 3 — This code shall be used for the first (DC) goefficient 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
0001 10's 4 1
00110s 1 2
0001 I1s 5 1
0000 110's 6 1
0000 100 s 7 I
11100 0 4
0000 1118 2 2
0000 101 s 8 1
1111 000 s 9 1
0000 01 Escape

1110 1s 0 5
0001 01s 0 6
1111 001 s 1 3
0010 0110s 3 2
1111010 s 10 1
0010 0001 s 11 1
00100101 s 12 1
00100100 s 13 1
0001 00 s 0 7
00100111 s 1 4
111111006 2 3
1111 _HOLs 4 2
000000100 s 5 2
0000 0010 1's 14 1
00000011 1's 15 1
0000 0011 01 s 16 1
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Table B.15—-DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
1111011 s 0 8
1111 100 s 0 9
0010 0011 s 0 10
00100010 s 0 11
0010 0000 s 1 5
0000 0011 00 s 2 4
0000 0001 1100 s 3 3
0000 0001 0010 's 4 3
0000 0001 1110's 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111 s 17 1
0000 0001 1010's 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
1111 1010s 0 12
11111011 s 0 13
1111 1110 s 0 14
1111 1111 s 0 15
0000 0000 1011 0's 1 6
0000 0000 10101 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0 s 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000,0's 10 2
0000 0000 LHT 1 s 22 1
0000 0000/11110's 23 1
00000000 11101 s 24 1
0000 0000 11100 s 25 1
0000 0000 1101 1s 26 1
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Table B.15—-DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
0000 0000 0111 11's 0 16
0000 0000 0111 10 s 0 17
0000 0000 0111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10 s 0 21
0000 0000 011001 s 0 22
0000 0000 0110 00 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10's 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 A7
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 0010011 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 1'10's 1 9
0000 0000 00117101 s 1 10
0000 0000/0011 100 s 1 11
00000000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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TableB.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 the block.

Table B.16 — Encoding of run and level following an ESCAPE code

Fixed length code Run Fixed length code signed_level
0000 00 0 1000 0000 0000 reserved
0000 01 1 1000 0000 0001 -2047
0000 10 2 1000 0000 0010 -2046

1111 1111 1111 -1

0000 0000 0000 Forbidden

0000 0000 0001 +1
AT 11 63 OI11 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
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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).
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It should also be noted that the input rate for the bits preceding the first picture header cannot be determined from the
bitstream.

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 afl bitstreams R(n) <= R, for all picture data.
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VBV buffer becomes full after filling at R, for some time, no more data enters,thé buffer until some d|
ved from the buffer.

filling the VBV buffer with all the data that precedes the first picture start code-of the sequence and the picturs
itself, the VBV buffer is filled from the bitstream until it is full. At this time decoding begins. The data
hues at the rate specified in this subclause.

B defines the actions to be taken at each time the VBV buffer is examined.
This subclause defines a requirement on all video bitstreamis.

e time the VBV buffer is examined before removing any picture data, the number of bits in the buffer sh
ben zero bits and B bits where B is the size of the VBVebuffer indicated by vbv_buffer size.

e purpose of this annex, picture data is defined-as ‘all the bits of the coded picture, all the header(s) and use
Hing) the next start code, except in the cas¢where the next start code is an end of sequence code, in which cas|

led in the picture data.

sequence_header()y sequence_extension(), extension_and_user_data(0),
groyp _of pictures_header() and extension_and_user_data(1) and picture_start_code

Starting at the time defined in C.3, the VBV buffer is examined at/successive times defined in C.9 to C.12.
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Figure C.1-VBYV 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.

VBYV buffer underflow shall not occur when the low_delay flag is equal to 0. This requires that all picture data for the
n-th picture shall be present in the VBV buffer at the decoding time, t;,.

C.7 This subclause only applies when the low_delay flag is equal to one.

When low_delay is equal to one, there may be situations where the VBV buffer shall be re-examined several times
before removing a coded picture from the VBV buffer. It is possible to know if the VBV buffer has to be re-examined
and how many times by looking at the temporal reference of the next picture (the one that follows the picture currently
to be|decoded), see 6.3.10. If the VBV buffer has to be re-examined, the picture currently to be decoded is referred| to as
a big|picture.

If pidture currently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field-periods hefore
remoping the big picture, and no picture data is removed until the final re-examination.

At thys time, the number of bits the VBV buffer immediately before removing the big picture shallbe‘less than B, gll the
pictufe data for the picture that has been in the buffer longest (the big picture) shall be present,in the buffer and shpll be
remoped instantaneously. Then, normal operation of the VBV resumes, and C.5 applies.

The lpst coded picture of a sequence shall not be a big picture.
(OR3) This subclause is informative only.

The pituation where the VBV buffer would underflow (see C.7) can happen‘when low-delay applications trapsmit
occadionally large pictures, for example in case of scene-cuts.

Decoging such bitstreams will cause the display process associated with’a decoder to repeat a previously decoded figld or
fram¢ until normal operation of the VBV can resume. This process is sometimes referred to as the occurrence of
"skipped pictures". Note that this situation should normally nof<e¢cur except occasionally. It shall not occur when
low_{lelay is equal to 0.

C.9 This subclause defines the time intervals between successive examination of the VBV buffer in the case ywhere
progtessive_sequence equals to 1 and low_delay equals t0,0. In this case, the frame re-ordering delay always exists and
B-pidtures can occur.

The fime interval t, , | — t, between two successive examinations of the VBV buffer is a multiple of T, where T [is the
inverpe of the frame rate.

If the| n-th picture is a B-picture with repeat first field equals to 0, then t; . | —t, is equal to T.

If thg n-th picture is a B-picture with repeat first field equal to 1 and top_field first equals O, then t, , | — t, is jequal
to 2*[l.

If thq n-th picture is a B-picture with repeat_first field equal to 1 and top_field first equals 1, then t;, . | — t, is lequal
to 3*[l.

If thq n-th picture is a P-picture or I-picture and if the previous P-picture or I-picture has repeat first field equall to 0,
then {, . | — 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 |l and
flield<first equal to 0, then t,, , | — t, is equal to 2*T.

» aP-pietire-ot ctatre e-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.

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, then t, . | —t,
is equal to 2*T.
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If the n-th picture is a P-picture or I-picture with repeat first field equal to 1 and top_field first equal to 1, then t, . | —t;
is equal to 3*T.

cl 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 to 2*T.

If the n-th picture is a frame-structure coded B-frame with repeat_first_field equal to 1, then t, , | —t, is equal to 3*T.

If the| n-th picture is a field-structure B-picture (B-field picture), then t, , | — t, is equal to T.

If thq n-th picture is a frame-structure coded P-frame or coded I-frame and if the previous coded P-frame oy coded I-
framg has repeat_first field equal to 0, then t,, , | —t, is equal to 2*T.

If thqd n-th picture is a frame-structure coded P-frame or coded I-frame and if the previous coded Piframe or coded I-
framg has repeat_first field equal to 1, then t, , | —t, is equal to 3*T.

If the| n-th picture is the first field of a field-structure coded P-frame or coded I-frame, then tgy | = t, is equal to T.

If thq n-th picture is the second field of a field-structure coded P-frame or coded I-frame/and if the previous coded P-
framg or coded I-frame is using field-structure or has repeat_first field equal to 0, then t,', | — t, is equal to 2*T —T).

If thq n-th picture is the second field of a field-structure coded P-frame or coded I-frame and if the previous coded P-
fram¢ or coded I-frame is using frame-structure and has repeat_first_field equal\to 1, then t, , | —t, is equal to (3*T|- T).

Figux C.2 shows the VBV in a simple case with only frame pictures-Frames P, B, and B4 have a display dufation
of 3 fiields.

A Buffer fullness

Time

5
H.262(12)_FC.2

Figure C.2 — Example VBV with B-pictures

c.12 This clause-défines the time intervals between successive examination of the VBV buffer in the case where
progiessive_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 timednterval t, ;. | — t, between two successive examinations of the VBV input buffer is a multiple of T, wherf T is
the irfverSe of two times the frame rate.

If the n-th picture is a frame-structure coded P-frame or coded I-frame with repeat first field equal to 0, then t, , | —t, is
equal to 2*T.

If the n-th picture is a frame-structure coded P-frame or coded I-frame with repeat_first field equal to 1, then t, , | —t, is
equal to 3*T.

If the n-th picture is a field-structure coded P-frame or coded I-frame, then t, , | — t, is equal to T.

Figure C.3 shows the VBV in a simple case with only frame pictures. Frames Iy, P, and P4 have repeat_first field equal
to 1.
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A Buffer fullness

> Time
* H262(12)_FC3

Figure C.s — EXample VBV without B-pIctures
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Annex D

Frame packing arrangement signalling for stereoscopic 3D content

(This annex forms an integral part of this Recommendation | International Standard.)

The annex specifies a method to carry frame packing arrangement information used for such applications as stereoscopic
video indication in bitstreams encoded according to this Specification.

The frame packing arrangement signalling information is inserted in the picture layer user data of video bitstreams
encoded according to this Specification. The signalling specified in this annex supports switching between 2D and
stereoscopic 3D video at frame boundaries, as well as between different frame packing arrangements for stereoscopic 3D
video at frame boundaries.

For

extensions_and user data( 2 ), which follows the picture_header() and picture_coding_extension().

The f

compatibility with existing video decoders, the method uses an indicator to be providef in

ollowing syntax and semantics are specified for indicating a frame packing arrangement in the user data bytes of

the uper data() syntax structure of extensions _and user data( 2 ). The syntax structure sent in these user”data bytgs for
this purpose is specified as follows.

fram

frame packing arrangement_data() { No. of bits Mnemonic
frame_packing_user_data identifier 32 bslbf
remaining_data_length 3 uimsbf
reserved_bit 1 uimsbf
arrangement_type 7 bslbf
reserved_data 16 bslbf
for (i=3;1i<remaining data length;i++)

additional_reserved_data_byte 8 bslbf
}

e packing_user_data_identifier — The bit *string '4a503344' in hexadecimal. When the user_data bytes

user |data() syntax structure begin with this, bittstring, the remaining bytes of the user data() syntax structure
confqrm to the frame packing arrangement- data() syntax structure.

N

f the
shall

DTE 1 — This frame packing user data identifier is a 4-byte code value that has been selected to avoid conflict with| other
apfplications of the user_data() mechanism.

remgining_data length — Shallbesét to 3. Other values are reserved for possible future extensions defined by IT|U-T |
ISO/IEC. Decoders shall use the value of this syntax element to determine the quantity of additional reserved datal byte
syntaik elements as specifiedin-the frame packing_arrangement data() syntax diagram.

reser

ISO/IEC. Decodersghall ignore (i.e. remove from the bitstream and discard) the value of this bit.

arramgement_type— See Table D.1.

Table D.1 — Semantics of arrangement_type

ved_bit — Shall be'sét to the value '1'. The value '0' is reserved for possible future extensions defined by ITU-T |

arrangement_type Meaning

0000011 stereo side-by-side (with rectangular grid sampling)

0000100 stereo top-and-bottom (with rectangular grid sampling)

0001000 2D video (with rectangular grid sampling)

0100011 stereo side-by-side with quincunx sampling

other values reserved for possible future extensions defined by ITU-T |
ISO/IEC
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reserved_data — This is a 16-bit integer that shall be set to the bit string '04FF' in hexadecimal. All other values are
reserved for possible future extensions defined by ITU-T | ISO/IEC. Decoders shall ignore (i.e. remove from the
bitstream and discard) the value of these 16 bits.

additional_reserved_data byte — The use of this syntax element is reserved for possible future extensions defined by
ITU-T | ISO/IEC.

It is recommended that for the entire duration of a bitstream containing stereo 3D video content, the video bitstream
should contain user data with frame packing arrangement data() for every picture.

In the case of the "stereo side-by-side" arrangement indication, the picture is divided into two halves, each of which has
half resolution horizontally (relative to the displayable part of the encoded picture). The left view is on the left side of the
displayable part of the encoded picture, and the right view is on the right side of the displayable part of the encoded
picture. The border position between the two halves is at the centre of the displayable part of each scan line within the

displgyable part of the encoded picture. The indicated sampling positions, relative to the sampling grid of a hypoth

letical

upcopiverted full-resolution picture, are the same for the samples in both halves. The sampling positions for-the "§tereo
side-by-side" arrangement are shown in Figure D.1.
X x| |x X (T x [ x| x| x|o4[x
o S S Upconversion e o o ey |
— x| (x| x| [x[ —> & Foor X[ x[x[x[x|x[§Ix
x| x| [x[ [x] | gsslEsaiay: [x[x[xx[x[x[{[x]
X X X X X|x|x|x|x|x X
— ] ) X X X X |X|X|xX|X|x|x X
| X X X | 0101010 x| [x] [x] [x] x[x[x[x[x][x[q]x]
- X L Samples of colour Upconverted colpur
S Sffted 12 f component pland of
Displayable/ | X [x|x|x[o|o|o|o side-by-side componcnt_p s pl fi P
part | | X|x][x[x]olo]o o) packing | left view eit view
'x|x|x|x[o|o[o[o| |rearrangement
X[x|x|x]ojojo]o o [o] Jo[ [0l olo[olofolo][d[o]
X:XX-‘"OUU 0 0 0 Q olo|[ofofolo|d|o
=|l=|=|=]=]=]=]= (8] (0} UL Ol _(]'0 0|0]0|0|C (]‘
=l=l=l=f=]=]=1= o] o] [o[NFo| | T mma. [o]o|olo|olo|d|o
Colour component plane —>0]| |0\ |0 processing =~ 0|0folo|ojo|qd|0
~of stereo picture using :; [ ig :: | 2 . 2 :; 3 2 E 2 f :: ‘
side-by-side-packed encoding LN | Ll 1l ] S ol ol i 1 )
{)‘ 0 _() ()_ 0.0_0.0:0 0 0‘()
Samples of colour Upconverted colpur
Pixel in the encoded picture that is component plane of component plang of
outside the displayable part right view right view
H.252(12)| FD.1
Higure D.1 — Rearrangement andthypothetical upconversion of " stereo side-by-side" arrangement views to
convert to thefull resolution of the displayable part of the encoded picture
NPTE 2 — Pixels marked as "-"inFigure D.1 illustrate pixels in the encoded picture that are outside the displayable part. [These
piikels are discarded after the'decoding of the picture.
In th¢ case of the "stereg top-and-bottom" arrangement indication, the picture is divided into two halves, each of which
has hplf resolution vertically (relative to the displayable part of the encoded picture). The left view is in the upper part of
the dfsplayable part'of-the encoded picture, and the right view is in the lower part of the displayable part of the en¢goded
pictufe. The bordef position between the two halves is at the centre of the displayable part of each column within the
displayable part.of the encoded picture. The indicated sampling positions, relative to the sampling grid of a hypothetical
upcopverted full-resolution picture, are the same for the samples in both halves. The sampling positions for the "$tereo
top-ahd=bottom" arrangement are shown in Figure D.2.
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DTE 3 — Pixels marked as "-"in Figure D.2 illustrate pixels in the encoded picture that are outside the displayable part
coded picture. These pixels are discarded after the decoding of the picture.

b case of the "2D video" arrangement indication, the picture contains only the pixels for a single 2D view
content, and this view covers the entire displayable part of the éncoded picture.

i 2D and 3D content may be present in the same elementary stream, the arrangement type should be us
nte the arrangement type for each picture. When theXframe packing arrangement is changed within a
bam, the arrangement_type indication should change in\the same picture in which the content change occurs.

b case of the "stereo side-by-side-with-quincunx-sampling" arrangement indication, the picture is divided int
s, each of which has half resolution representinga quincunx pattern sampling (relative to the displayable part

€nco

the right side of the displayable part of the encoded picture. The border position between the two halves is at the ¢
of thg displayable part of each scan line ‘within the displayable part of the encoded picture. The indicated san

ed picture). The left view is on the left side of the displayable part of the encoded picture and the right view

ure D.2 — Rearrangement and hypothetical upconversion of " stereo top-and-bpttom" arrangement views to

lof the

f the

ed to
video

D twWo
bf the
is on
entre
pling

positfons, relative to the sampling grid ©f a hypothetical upconverted full-resolution picture, are different for the samples

in eafh half. The sampling positionssfor the "stereo side-by-side-with-quincunx-sampling" arrangement are shoy
Figute D.3.
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Figure D.3 — Rearrangement and hypothetical upconversion of " stereo side-b ewith quincunx sampling"
arrangement viewsto convert to the full resolution of the displayabl t of the encoded picture
NPTE 4 — Pixels marked as "-" in Figure D.3 illustrate pixels in the encoded pictl(;\hat are outside the displayable part. [These
piikels are discarded after the decoding of the picture. QQ
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Annex E

Profile and level restrictions

(This annex does not form an integral part of this Recommendation | International Standard.)

E.l Syntax element restrictionsin 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 [15].

NPTE - This annex is informative and is simply intended as a summary of the normative restrictions set out in (claj
If] because of an error in the preparation of this text, a discrepancy exists between clause 8 and Annex E, the normative
clpuse 8 shall always take precedence.

In Taples E.2 to E.20 a number of abbreviations are used as shown in Table E.1.

Table E.1 - Abbreviations used in the Tables of Annex E

Abbreviation Used in Meaning
X Status Must be supported by the decoder.
o Status Need not be supported by the, decoder.
D Type Item with Level-dependefit’parameters.
I Type Item independent of¢he Eevel in the Profile.
P Type Item for post-precessing after decoding; the decoder must be

capable of decoding bitstreams which contain these items, but
their use_,i§/beyond the scope of this Recommendation |
International ‘Standard.

NOTE - "Status" is kept blank if an entry is not a syntaetic element.

hse 8.
ext in
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Table E.2 — Sequence header

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | horizontal_size value X X X X X X X D | Table 8-11
02 | vertical_size value X X X X X X x | D | Table 8-11
03 | aspect_ratio_information X X X X X X X P
04 | frame_rate code X X X X X X x | BN/ Table 8-11
05 | (sample rate) D | Table 8-12. Sample rate is a
NOTE — This is not a syntactic element product of samples/line,
lines/frame and frames/sec.
06 | bit_rate value X X X X X X x | D | Table 8-13
07 | vbv_buffer_size value X X X X X X x | D | Table 8-14
08 | constrained_parameters flag X X X X X X X I | Setto"1"if ISO/IEC 11172-2
constrained,
Set to "0" if Rec. ITU-T H.2672 |
ISO/IEC 13818-2
09 | load_intra_quantiser_matrix X X X X X X X 1
10 | intra_quantiser_matrix[64] X 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 X I
13 | sequence_extension() X X X X X X X I | Always present if Rec. ITU-
T H.262 | ISO/IEC 13818-2
14 | sequence display_extension() X X X X X X X P
15 | sequence scalable extefiSion() o o X X X o X I | Table 8-9 for maximum numbgr
of scalable layers
16 | user_data() X X X X X X X I | Decoder may skip this data
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Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comnaents
01 | profile_and_level_indication X X X X X X x | D | Profile: one of 8values
Level: one©f 16 values
Escape bit-one of 2 values
02 | progressive_sequence X X X X X X X 1
03 | chroma format X X X X X X X 1 [\Table 8-5
04 | horizontal_size extension X | x X X X | x X | M-+ Input picture size related
05 | vertical_size extension X | x X X X | x x % D | Input picture size related
06 | bit_rate extension X X X X X X x | D | Input picture size related
07 | vbv_buffer_size extension X X X X X X x | D | Input picture size related
08 | low_delay X X X X X X X I
09 | frame_rate extension_n X X X X X X X I | Setto "0" for all defined profi]es
10 | frame rate extension_d X X X X X X X I | Setto"0" for all defined profiles
Table E.4 — Sequence display extension elements
Stdtus Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | video_format X X X X X X X P
02 | colour_description X X X X X X X P | Input format related
03 colour_primaries X X X X X X X P
04 transfer_characteristics X X X X X X X P
05 matrix_coefficients X X X X X X X P
06 | display_horizontal_size X X X X X X X P | Input format related
07 | display_vertical_size X 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 Gomrents
01 | scalable_mode 0 0 X X X 0 X SNR Profiler’SNR Scalability
Spatial 'and High Profile: SNR
and/or Spatial Scalability
Mualti-view Profile: Temporal
Sealability
02 | layer_id 0 0 X X X 0 X
if (spatial scalable)
03 lower_layer_prediction_ 0 0 0 X X 0 0 Table 8-12 for luminance
horizontal_size sampling density
04 lower_layer_prediction_ 0 0 0 X X 0 0 Table 8-12 for luminance
vertical_size sampling density
05 horizontal_subsampling_ ol o | o |XNx ] o] o I
factor_m
06 horizontal_subsampling_ 0 0 @ X X 0 0 I
factor_n
07 vertical_subsampling_ 0 0 o X X 0 0 I
factor_m
08 vertical_subsampling_ 0 0 o X X 0 0 I
factor_n
if (temporal scalable)
09 picture_mux_enable 0 0 o 0 0 0 X I
10 mux_to_progr essive.sequence 0 0 0 0 0 0 X I
11 picture_mux_ofrder 0 0 o 0 0 0 X I
12 picture_mux-factor 0 0 0 0 0 0 X I
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Table E.6 — Group of picturesheader
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Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | time_code X X X X X X X I | Decoder may skip this data
02 | closed_gop X X X X X X X I
03 | broken_link X X X X X X X I
Table E.7 — Pictur e header
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | temporal_reference X X X X X X X I
02 | picture_coding_type X X X X X X X I | Simple Profile: I, P at Main lepel,
I, P, B at Low level
Main, SNR, Spatial, High and
Multi-view Profile: I, P, B
03 | vbv_delay X X X X X X X I
04 full_pel_forward_vector X X X X X X X I | Setto"0" for Rec. ITU-
T H.262 | ISO/IEC 13818-2
05 forward_f_code X X X X X X X I | Setto"111" for Rec. ITU-
T H.262 | ISO/IEC 13818-2
06 full_pel_backward_vector x | x| x x | x| x| x I | Setto"0" for Rec. ITU-
T H262 } ISOAEC13818-2
07 backward_f_code X X X X X X X I | Setto"111" for Rec. ITU-
T H.262 | ISO/IEC 13818-2
08 content_description_data() X X X X X X X I
09 picture_coding_extension() X X X X X X X I
10 | quant_matrix_extension() X X X X X X X I
11 | picture display extension() X X X X X X X P
12 | picture_spatial scalable_extension() o o 0 X X o o I
13 | picture temporal scalable extension() 0 0 o 0 0 0 X I
14 | camera_parameters_extension() 0 o 0 o 0 o X P
Rec. ITU-T H.262 (02/2012) 159


https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

ISO/IEC 13818-2:2013 (E)

Table E.8 — Picture coding extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | f_code[Q][Q] (forward horizontal ) X X X X X X x | D | Low Level41:7]
Main Level'[1:8]
High-1440"and High Level [1]9]
02 | f_code[Q][1] (forward vertical) X | x X X X | x x | D | LowLevel [1:4]
Main, High-1440 and High Lqvel
[1:5]
03 | f_code[1][0](backward horizontal) X X X X X X x ,[\B/ | Low Level [1:7]
Main Level [1:8]
High-1440 and High Level [1{9]
04 | f_code[1][1] (backward vertical ) X X X X X X x | D | Low level [1:4]
Main, H-14 and High Level [1:5]
05 | intra_dc_precision X X X X X, X X 1 | Simple, Main, SNR, Spatial and
Multi-view Profile: [8:10]
High Profile: [8:11]
4:2:2 Profile: [8:11]
06 | picture_structure X X X X X X X I
07 | top_field_first X X X X X X X 1
08 | frame _pred_frame_dct X X X X X X X I
09 | concealment_motion_vectors X X X X X X X 1
10 | g_scale type X X X X X X X I
11 | intra_vic_format X X X X X X X I
12 | alternate_scan X X X X X X X I
13 | repeat_first_field X X X X X X X I
14 | chroma_420_type X X X X X X X P
15 | progressive_frame X X X X X X X P
16 | composite display_flag x | x | x X | x | x| x| P
17 v \axis X X X X X X X P
18 field_sequence X X X X X X X P
19 sub_carrier X X X X X X X P
20 burst_amplitude X X X X X X X P
21 sub_carrier_phase X X X X X X X P
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Table E.9 — Quant matrix extension
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Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | load_intra_quantiser_matrix X X X X X X X
02 intra_gquantiser_matrix[64] X X X X X X X
03 | load_non_intra_quantiser_matrix X X X X X X X
04 non_intra_quantiser _ X X X X X X X
matrix[64]
05 | load_chroma_intra_quantiser_ o o 0 o X X o
matrix
06 chroma_intra_quantiser_ 0 0 o 0 X X 0
matrix[64]
07 | load_chroma_non_intra_ 0 0 o 0 X X 0
quantiser_matrix
08 chroma_non_intra_quantiser_ 0 0 o 0 X X 0
matrix[64]
Table E.10 — Picture display extension
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAHN
SIMPLE
# Syntactic elements Comments
01 | frame_centre_horizontal _offset X X X X X X X Input format related
02 | frame_centre vertical_offset X | x X X X | x X Input format related
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Table E.11 — Picturetemporal scalable extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | reference_select_code 0 0 o 0 0 0 X I
02 | forward_temporal_reference 0 0 o 0 0 0 X I
03 | backward_temporal_reference o o o o o o X 1

Table E.12 — Picture spatial scalable extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | lower_layer_temporal~Teference 0 0 o X X 0 0 I
02 | lower_layer _horizontal offset 0 0 o X X 0 o | D | Input format related
03 | lower_layer.vertical_offset 0 0 0 X X 0 o | D | Input format related
04 | spatial_temporal_weight_code 0 0 o X X 0 0 I
table index
05 | Jewer_layer progressive frame 0 0 o X X 0 0 I
06 [tower_tayer_demtertaced_fietd— 0 0 0 X X 0 0 T
select
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Table E.13 — Camera parameter s extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | reserved 0 0 o 0 0 0 X P
02 | camera_id 0 0 o 0 0 0 X P
03 | marker_bit o o o o o o X P
04 | height_of_image device 0 0 o 0 0 0 X P
05 | marker_bit 0 0 o 0 0 0 X P
06 | focal_length 0 0 o 0 0 0 X P
07 | marker_bit o o o o o o X P
08 | f_number 0 0 o 0 0 0 X P
09 | marker_bit o o o o o 0 X P
10 | vertical_angle of view o o 0 o o 0 X P
11 | marker_bit 0 0 o 0 0 0 X P
12 | camera_position_x_upper 0 0 o 0 0 0 X P
13 | marker_bit 0 0 o o 0 0 X P
14 | camera_position_x_lower o o o o o o X P
15 | marker_bit 0 0 o 0 0 0 X P
16 | camera_position_y_upper 0 0 o 0 0 0 X P
17 | marker_bit 0 0 o 0 0 0 X P
18 | camera_position_y_lower 0 0 o 0 0 0 X P
19 | marker_bit 0 0 o 0 0 0 X P
20 | camera_position_z_upper 0 0 o 0 0 0 X P
21 | marker_bit 0 0 o 0 0 0 X P
22 | camera_position_z-lower 0 0 o 0 0 0 X P
23 | marker_bit o o o o o o X P
24 | camera_diregtion_x 0 0 o 0 0 0 X P
25 | marker\bit 0 0 0 0 0 0 x | P
26 | camera-direction_y 0 0 o 0 0 0 X P
27 | marker_bit o o 0 o o o X P
28 | camera_direction_z 0 0 o 0 0 0 X P
29 | marker_bit o o o o o o X P
30 | image_plane vertical_x 0 0 o 0 0 0 X P
31 | marker_bit 0 0 o 0 0 0 X P
32 | image plane vertical_y 0 0 o 0 0 0 X P
33 | marker_bit 0 0 o 0 0 0 X P
34 | image plane vertical_z 0 0 o 0 0 0 X P
35 | reserved 0 0 0 0 0 0 X P
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Table E.14 — Slice layer

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comnaents
01 | dlice_vertical_position_extension X | x X X X | x X Input format gelated
02 priority_breakpoint 0 0 o o 0 0 0 Only reqtiized for data partitioping
03 | quantiser_scale code X X X X X X X
04 | dlice_extension_flag X X X X X X X
05 intra_dlice X X X X X X X Decoder may skip this data
06 dlice_picture_id_enable X X X X X X X Decoder may skip this data
07 dlice_picture_id X | x X X X | x X Decoder may skip this data
08 extra_bit_dlice X X X X X X X Decoder may skip this data
09 | macroblock() X X X X X X X
Table E.15 —Macroblock layer
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 macroblock_escape X X X X X X X
02 | macroblock_address increment X X X X X X X
03 | macroblock_modes() X X X X X X X
04 quantiser_scale _code X X X X X X X
05 motion_vectors(0) X X X X X X X Forward motion vector
06 motion_vectors(1) 0 X X X X X X Backward motion vector
07 coded block pattern() X X X X X X X
08 block(i) X X X X X X X
164 Rec. ITU-T H.262 (02/2012)



https://standardsiso.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

Table E.16 — M acroblock modes

|SO/IEC 13818-2:2013 (E)

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | macroblock_type X X X X X X X
02 spatial_temporal_weight_code 0 0 o X X 0 0
03 frame_motion_type X X X X X X X 01/ Field-based prediction
10: Frame-based
prediction
11: Dual-prime
04 field_motion_type X X X X X X X 01: Field-based prediction
10: 16 x 8 MC
11: Dual-prime
05 dct_type X X X X p'e X X
Table E:17 —Motion vectors
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | motion_vertical_field_select X X X X X X X
02 | motion_vector() X X X X X X X
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Table E.18 — M otion vector

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | motion_horizontal_code X X X X X X X
02 motion_horizontal _r X X X X X X X
03 dmv_horizontal X X X X X X X
04 | motion_vertical_code X X X X X X X
05 motion_vertical_r X X X X X X X
06 dmv_vertical X X X X X X X
Table E.19 — Codéd block pattern
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | coded/block_pattern_420 X X X X X X X
02 coded_block_pattern_1 0 0 0 0 X X 0 4:2:2
03 coded_block_pattern_2 0 0 o o 0 0 0 4:4:4
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Table E.20 — Block layer

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Gomrents
01 | DCT coefficients X X X X X X X 1
02 | End of block X X X X X X X I
E.2 Permissible layer combinations

Tablgs E.21 to E.52 illustrate the parameter limits that may be applied in eacl layer of a bitstream, and the correspopding
apprqpriate profile and level indication that should be used. Each table"describes the limits of a single compliance|point
in thq profile / level matrix.

The following notation has been adopted:
<profile abbreviation>@x<level abbreviation>

The qbbreviations are defined in Table E.21.

Table E.21(— Abbreviationsfor profile and level names

Profile ab};gffci)zttvltlif)n> Level abbr<el§i\$ilon>
Simple SP Low LL
Main MP Main ML
SNR"Sealable SNR High-1440 H-14
Spatially Scalable Spt High HL
High HP HighP HPL
Multi-view MVP
ISO/IEC 11172-2 constrained parameters ISO/IEC 11172-2

Table E.22 — Simple profile @ Main level

No. of Scalabl Maximum Maxi Maximum Maximum Profile
] 0- 0 layer id ca ?1 ¢ sample density aXllmur? total bit rate total VBV and level
ayers mode (H/V/F) sampierate | 1000000 buffer indication
1 0 Base 720/576/30 10 368 000 15 1 835008 SP@ML
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Table E.23—Main profile @ L ow level

No. of Scalabl Maximum Maxi Maximum Maximum Profile
] 0-0 layer id ca 221 ¢ sample density ax11mur? total bit rate total VBV and level
ayers mode (H/V/F) sampierale | 1000000 buffer indication
1 0 Base 352/288/30 3041280 4 475 136 MP@LL
Table E.24—Main profile @ Main level
Maximum Maximaum Maximum Profile
II\IO' of layer id Scale(lible sample density Maxllmur? total bit rate total VBV and level
ayers mode (H/V/F) sampie 1ate | 1000000 buffer indicatioh
1 0 Base 720/576/30 10 368 000 15 1835008 MP@ML
Table E.25—Main profile @ High-1440 level
No. of Scalabl Maximum Maxi Maximum Maximum Profile
) 0- 0 layer id ca 2:1 ¢ sample density ax11mu1:[[1 total bit rate {. \total VBV and level
ayers mode (H/V/F) Sampie rate 11000000 buffer indication
1 0 Base 1440/1088/60 47 001 600 60 7340 032 MP@H-14
Table E.26 —Main profile @High level
No. of Scalabl Maximum MaSihum Maximum Maximum Profile
] 0.0 layer id N d N sample density ) U " total bit rate total VBV and level
ayers mode (H/V/F) samipierate | 1000000 buffer indication
1 0 Base 1920/1088/60 62 668 800 80 9781 248 MP@HL
Table’E.27 —Main profile @ HighP level
No. of Scalalle Maximum Maximum Maximum Maximum Profile
1 ’ layer id 4 sample density le rat total bit rate total VBV and level
ayers 4 (H/V/F) sampie rate | 1000000 buffer indication
1 0 Base 1920/1088/60 125 337 600 30 9781248 MP@HPL
Table E.28 — SNR profile @ Low level
o of Scalable Maximum Maximum Maximum Maximum Profile
tav layer id p) sample density le rat total bit rate | total VBV and level
pyers mode (H/V/F) Sampre rate | /1000000 buffer indication
2 0 Base 352/288/30 2534 400 1.856 327 680 ISO 11172
1 SNR 352/288/30 2 534 400 4 475 136 SNR@LL
2 0 Base 352/288/30 3041280 3 360 448 SP@ML
1 SNR 352/288/30 3041280 4 475136 SNR@LL
2 0 Base 352/288/30 3041280 3 360 448 MP@LL
1 SNR 352/288/30 3041280 4 475 136 SNR@LL
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Table E.29 — SNR profile @ Main level

|SO/IEC 13818-2:2013 (E)

No. of . Scalable Maximum Maximum Maximum Maximum Profile
layers layer id mode sample density sample rate total bit rate total VBV .an(.i le\_/el
(H/V/F) /1000000 buffer indication
2 0 Base 720/576/30 2534 400 1.856 327 680 ISO 11172
1 SNR 720/576/30 2534 400 15 1835008 SNR@ML
2 0 Base 720/576/30 10 368 000 10 1212416 SP@ML
1 SNR 720/576/30 10 368 000 15 1 835008 SNR@ML
2 0 Base 352/288/30 3041280 4 475 136 MP@LL
1 SNR 352/288/30 3041280 15 1 835008 SNR@ML,
2 0 Base 720/576/30 10 368 000 10 1212416 MP@ML
1 SNR 720/576/30 10 368 000 15 1 835008 SNR@ML
Table E.30 — Spatial profile @ High-1440 level (Base Layer + SNR)
No. of . Scalable Maximum Maximum Maximum Maximum Profile
layers layer id mode sample density sample rate total bit rate total VBV .an(.i le\_/el
(H/V/F) /1000000 buffer indication
2 0 Base 352/288/30 2 534 400 1.856 327 680 ISO 11172
1 SNR 352/288/30 2534400 60 7340 032 Spt@H-14
2 0 Base 720/576/30 10 368 000 15 1 835008 SP@ML
1 SNR 720/576/30 10 368,000 60 7 340 032 Spt@H-14
2 0 Base 352/288/30 3 041280 4 475 136 MP@LL
1 SNR 352/288/30 32041 280 60 7340 032 Spt@H-14
2 0 Base 720/576/30 10 368 000 15 1 835008 MP@ML
1 SNR 720/576/30 10 368 000 60 7340 032 Spt@H-14
2 0 Base 1440A1088/60 47 001 600 40 4 882 432 MP@H-14
1 SNR 1440/1088/60 47001 600 60 7 340 032 Spt@H-14
Table E.81—"Spatial profile @ High-1440 level (Base Layer + Spatial)
No. of . Scalable Maximum Maximum Maximum Maximum Profile
layers layer id mode sample density sample rate total bit rate | total VBV and level
(H/V/F) /1000000 buffer indication
2 0 Base 768/576/30 2 534 400 1.856 327 680 ISO 11172
1 Spatial 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
2 0 Base 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
2 0 Base 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 1440/1088/30 47 001 600 60 7340 032 Spt@H-14
2 0 Base 720/576/30 10 368 000 15 1 835008 MP@ML
1 Spatial 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14
2 0 Base 1440/1088/60 47 001 600 40 4 882 432 MP@H-14
1 Spatial 1440/1088/60 47001 600 60 7 340 032 Spt@H-14
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Table E.32 — Spatial profile @ High-1440 level (Base Layer + SNR + Spatial)

No. of . Scalable Maximum Maximum Maximum Maximum Profile

layers layer id mode sample density sample rate total bit rate total VBV .an(.i leyel
(H/V/F) /1000000 buffer indication
3 0 Base 352/288/30 2534 400 1.856 327 680 ISO 11172
1 SNR 352/288/30 2534 400 4 475 136 SNR@LL
2 Spatial 1440/1088/30 47001 600 60 7 340 032 Spt@H-14

3 0 Base 352/288/30 3041280 3 360 448 SP@ML
1 SNR 352/288/30 3 041 280 4 475 136 SNR@LL
2 Spatial 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14

3 0 Base 352/288/30 3041280 3 360 448 MP@LD
1 SNR 352/288/30 3041 280 4 475 136 SNR@LL
2 Spatial 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
3 0 Base 720/576/30 2534 400 1.856 327 680 ISO 11172
1 SNR 720/576/30 2 534 400 15 1 835,008 SNR@ML
2 Spatial 1440/1088/30 47001 600 60 74340 032 Spt@H-14

3 0 Base 720/576/30 10 368 000 10 1212416 SP@ML
1 SNR 720/576/30 10 368 000 15 1 835008 SNR@ML
2 Spatial 1440/1088/30 47001 600 00 7 340 032 Spt@H-14

3 0 Base 352/288/30 3041 280 4 475 136 MP@LL
1 SNR 352/288/30 3 041 280 15 1 835008 SNR@ML
2 Spatial 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14

3 0 Base 720/576/30 10368 000 10 1212416 MP@ML
1 SNR 720/576/30 10 368 000 15 1 835008 SNR@ML
2 Spatial 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14
3 0 Base 1440/1088/60 10 368 000 15 1 835008 MP@H-14
1 SNR 1440/1088/60 10 368 000 40 4 882432 Spt@H-14
2 Spatial 1440/1088/60 47 001 600 60 7 340 032 Spt@H-14
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Table E.33 — Spatial profile @ High-1440 level (Base Layer + Spatial + SNR)

No. of Scalabl Maximum Maxi Maximum Maximum Profile
] 0- 0 layer id ca ?1 ¢ sample density aXllmur? total bit rate total VBV and level
ayers mode (H/V/F) sampierale | 1000000 buffer indication
3 0 Base 768/576/30 2534 400 1.856 327 680 ISO 11172
1 Spatial 1440/1088/30 47 001 600 40 4 882 432 Spt@H-14
2 SNR 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14
3 0 Base 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 1440/1088/30 47 001 600 40 4 882 432 Spt@H-14
2 SNR 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
3 0 Base 352/288/30 3041280 4 475 136 MP@LD
1 Spatial 1440/1088/30 47 001 600 40 4 882432 Spt@H-14
2 SNR 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
3 0 Base 720/576/30 10 368 000 15 1 835008 MP@ML
1 Spatial 1440/1088/30 47001 600 40 4 882 432 Spt@H-14
2 SNR 1440/1088/30 47001 600 60 7340 032 Spt@H-14
3 0 Base 720/576/30 10 368 000 15 1835008 MP@H-14
1 Spatial 1440/1088/60 47001 600 40 4 882432 Spt@H-14
2 SNR 1440/1088/30 47 001 600 60 7 340 032 Spt@H-14
Table E.34 —High profile @ Maiti{evel (Base Layer)
Maximum Maxi Maxi Profil
No. of . Scalable Chroma sample Maximum aximum aximum rolile
layer id . total bit rate total VBV and level
layers mode Format density sample rate S
/1000000 buffer indication
(H/V/E)
1 0 Base 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
1 0 Base 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
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Table E.35—High profile @ Main level (Base Layer + SNR)

Maximum

No. of | . Scalable Chroma sample Maximum Maxir_num Maximum Profile
layers ayer id mode Format density sample rate t(;tlaé(;o(;g(r)z:)te tot;ll foe ]?V i?llzl(ilclaft‘i/g:l
(H/V/F)
2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 SNR 4:2:0 720/576/30 10 368 000 20 2441216 HP@ML
2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 SNR 4:2:2 720/576/30 10 368 000 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 SNR 4:2:0 352/288/30 3041280 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 SNR 4:2:2 352/288/30 3041280 20 2441216 HP@ML
2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 MP@ML
1 SNR 4:2:0 720/576/30 10 368 000 20 2 4418216 HP@ML
2 0 Base 4:2:0 720/576/30 10 368 000 15 1835008 MP@ML
1 SNR 4:2:2 720/576/30 10 368 000 20 2441216 HP@ML
2 0 Base 4:2:0 720/576/30 14 745 600 15 1835008 HP@ML
1 SNR 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
2 0 Base 4:2:2 720/576/30 11059 200 15 1 835008 HP@ML
1 SNR 4:2:2 720/576/30 11 059200 20 2441216 HP@ML
Table E.36 —High profile @ Main level (Base Layer + Spatial)
Maximli . Maximum Maximum Profile
Il\jio' of layer id Scala:ible %hrom? (slampie Max11mur? total bit rate | total VBV and level
yers fmode orma ohsity sample rate /1000000 buffer indication
(H/V/F)
2 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 SP@ML
1 Spatial 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 SP@ML
1 Spatial 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
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Table E.37 —High profile @ Main level (Base Layer + SNR + Spatial)

Maximum

No. of | . Scalable Chroma sample Maximum Maxir_num Maximum Profile
layers ayer id mode Format density sample rate t(;tlaé(;o(;g(r)z:)te toﬁll foe ]?V i?llzl(ilclaet‘i/gllq
(H/V/F)
3 0 Base 4:2:0 352/288/30 3041280 360 448 SP@ML
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL
2 Spatial 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 3 360 448 SP@ML
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL
2 Spatial 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 360 448 MP@LL
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL
2 Spatial 4:2:0 720/576/30 14 745 600 20 2441 216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 3 360448 MP@LL
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL
2 Spatial 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
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Table E.38 —High profile @ Main level (Base Layer + Spatial + SNR)

Maximum . Maximum Maximum Profile
11\;0‘ of layer id Scala:ible %hrom? (siampie Maximur? total bit rate total VBV .an(.l leyel
yers mode orma ensiy sampre rate /1000000 buffer indication
(H/V/F)
3 0 Base 4:2:0 352/288/30 2534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:0 720/576/30 14 745 600 15 1835008 HP@ML
2 SNR 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:0 720/576/30 11059 200 15 1835008 HP@ML
2 SNR 4:2:2 720/576/30 11 059 200 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 1SO11172
1 Spatial 4:2:2 720/576/30 11 059 200 15 1 835008 HP@ML
2 SNR 4:2:2 720/576/30 11059 200 20 2 441 2716 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475N 36 SP@ML
1 Spatial 4:2:0 720/576/30 14 745 600 15 1-835 008 HP@ML
2 SNR 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475 136 SP@ML
1 Spatial 4:2:0 720/576/30 11 059 200 15 1835008 HP@ML
2 SNR 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475 136 SP@ML
1 Spatial 4:2:2 720/576/30 11 059200 15 1835008 HP@ML
2 SNR 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 720/576/30 14 745 600 15 1835008 HP@ML
2 SNR 4:2:0 72075776/30 14 745 600 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 720/576/30 11059 200 15 1835008 HP@ML
2 SNR 4:2:2 720/576/30 11 059 200 20 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:2 720/576/30 11059 200 15 1835008 HP@ML
2 SNR 4:2:2 720/576/30 11 059 200 20 2441216 HP@ML
Table E.39 — High profile @ High-1440 level (Base Layer)
Maximum Maximum Maximum Profile
N N B I BV B e e e
(H/V/F)
1 0 Base 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14
1 0 Base 4:2:2 1440/1088/60 | 47 001 600 80 9781248 HP@H-14
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Table E.40 — High profile @ High-1440 level (Base Layer + SNR)

Maximum

No. of | . Scalable Chroma sample Maximum Maximum Maximum Profile
layers ayer id mode Format density sample rate t(;tlaé(lj(;g(r)%te tot;ll f\f/e?v ii%?clft\ilgrll
(H/V/F)

2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 SNR 4:2:0 720/576/30 10 368 000 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 SNR 4:2:2 720/576/30 10 368 000 80 9781248 HP@H-14

2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@EL
1 SNR 4:2:0 352/288/30 3 041 280 80 9781 248 HP@H-14

2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 SNR 4:2:2 352/288/30 3041280 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835,008 MP@ML
1 SNR 4:2:0 720/576/30 10 368 000 80 9 781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1835 008 MP@ML
1 SNR 4:2:2 720/576/30 10 368 000 80 9781 248 HP@H-14

2 0 Base 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 MP@H-14
1 SNR 4:2:0 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Base 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 MP@H-14
1 SNR 4:2:2 1440/1088/60 | 47 001,600 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 14 7457600 20 1 835008 HP@ML
1 SNR 4:2:0 720/576/30 147745 600 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 14 745 600 20 1 835008 HP@ML
1 SNR 4:2:2 720/576/30 14 745 600 80 9781 248 HP@H-14

2 0 Base 4:2:2 720/576/30 11059 200 20 1 835008 HP@ML
1 SNR 4:2:2 720/576/30 11059 200 80 9781 248 HP@H-14

2 0 Base 4:2:0 1440/1088/60 | 62 668 800 60 7 340 032 HP@H-14
1 SNR 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14

2 0 Base 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 HP@H-14
1 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Badse 4:2:2 1440/1088/60 | 47 001 600 60 7 340 032 HP@H-14
1 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14
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Table E.41 —High profile @ High-1440 level (Base Layer + Spatial)

Maximum . Maximum Maximum Profile

11\;0‘ of layer id Scala:ible %hrom? (siampie Maximur? total bit rate total VBV 'an('i leyel
yers mode orma ensty sampie rate /1000000 buffer indication

(H/V/F)

2 0 Base 4:2:0 352/288/30 2534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781248 HP@H-14
2 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H=14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1835008 SP@ML
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Base 4:2:0 352/288/30 3041280 4 475136 MP@LL
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9 781 248 HP@H-14

2 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9 781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 5] 1 835008 MP@ML
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 MP@ML
1 Spatial 4:2:2 1440/1088/60 | 47 001,600 80 9781 248 HP@H-14
2 0 Base 4:2:0 720/576/30 14 7457600 20 2441216 MP@H-14
1 Spatial 4:2:0 1440/1088/60 [\62668 800 80 9781 248 HP@H-14
2 0 Base 4:2:0 720/576/30 14 745 600 20 2441216 MP@H-14
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14

2 0 Base 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

2 0 Base 4:2:2 720/576/30 11059 200 20 2441216 HP@ML
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9 781 248 HP@H-14
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|SO/IEC 13818-2:2013 (E)

Table E.42 —High profile @ High-1440 level (Base Layer + SNR + Spatial)

Maximum

No. of 1 . Scalable Chroma sample Maximum Maximum Maximum Profile

layers ayer id mode Format density sample rate t(}tlaé(lj(;g(r)%te toﬁllf}/e?v i?ll(li(iicljt\ilgrll
(H/V/F)

3 0 Base 4:2:0 352/288/30 3041280 360 448 SP@ML
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL
2 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 3 360 448 SP@ML
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL|
2 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 10 1212416 SP@ML
1 SNR 4:2:0 720/576/30 10 368 000 15 1 835008 SNR@ML}
2 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 10 1212416 SP@ML
1 SNR 4:2:0 720/576/30 10 368 000 15 1835 008 SNR@ML}
2 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 3 360 448 MP@LL
1 SNR 4:2:0 352/288/30 3041280 4 475 136 SNR@LL|
2 Spatial 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3 041.280 360 448 MP@LL
1 SNR 4:2:0 352/288/30 3 041280 4 475 136 SNR@LL|
2 Spatial 4:2:2 1440/1088/60 |, 47001 600 80 9781248 HP@H-14
3 0 Base 4:2:0 720/576/30 10 368 000 10 1212416 MP@ML
1 SNR 4:2:0 720/576/30 10 368 000 15 1835008 SNR@ML|
2 Spatial 4:2:0 144071088/60 | 62 668 800 80 9781 248 HP@H-14
3 0 Base 4:2:0 720/576/30 10 368 000 10 1212416 MP@ML
1 SNR 4:2:0 720/576/30 10 368 000 15 1835008 SNR@ML|
2 Spatial 42:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14
3 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 MP@ML
1 SNR. 4:2:2 720/576/30 10 368 000 20 2441216 HP@ML
2 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781248 HP@H-14

3 0 Base 4:2:0 720/576/30 14 745 600 15 1 835008 HP@ML
1 SNR 4:2:0 720/576/30 14 745 600 20 2441216 HP@ML
p) Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781248 HP@H-14

3 0 Base 4:2:0 720/576/30 11059 200 15 1 835008 HP@ML
1 SNR 4:2:2 720/576/30 11 059 200 20 2441216 HP@ML
s Spatial 4202 144071088/60 47001 600 380 9 /81 248 HP@H-14

3 0 Base 4:2:2 720/576/30 11059 200 15 1 835008 HP@ML
1 SNR 4:2:2 720/576/30 11 059 200 20 2441216 HP@ML
2 Spatial 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14
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ISO/IEC 13818-2:2013 (E)

Table E.43 —High profile @ High-1440 level (Base Layer + Spatial + SNR)

Maximum . Maximum Maximum Profile
11\;0‘ of layer id Scala:ible %hrom? (siampie Maximur? total bit rate total VBV 'an('i leyel
yers mode orma ensty sampie rate /1000000 buffer indication
(H/V/F)

3 0 Base 4:2:0 352/288/30 2534 400 1.856 327 680 ISO 11172
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-14
2 SNR 4:2:0 1440/1088/60 | 47 001 600 80 9 781 248 HP@H-14
3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 1SO 11172
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-~14

2 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISO’11172
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 60 7 340 032 HP@H-14

2 SNR 4:2:0 1440/1088/60 | 62 668 800 80 9781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327680 ISO 11172
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 60 7340 032 HP@H-14

2 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-14

2 SNR 4:2:0 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368,000 15 1 835008 SP@ML
1 Spatial 4:2:0 1440/1088/60 | 47 00.D600 60 7 340 032 Spt@H-14

2 SNR 4:2:2 1440/1088/60 |, 47001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 60 7 340 032 HP@H-14

2 SNR 4:2:0 144071088/60 | 62 668 800 80 9781 248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 SP@ML
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 60 7 340 032 HP@H-14

2 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-14

2 SNR 4:2:0 1440/1088/60 | 47 001 600 80 9 781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-14

p) SNR 4:2:2 1440/1088/60 | 47 001 600 80 9 781 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:0 1440/1088/60 | 62 668 800 60 7 340 032 HP@H-14
s SNK 4:2:0 144071088/60 02 608 800 380 9 /81 248 HP@H-14

3 0 Base 4:2:0 352/288/30 3041280 4 475 136 MP@LL
1 Spatial 4:2:2 1440/1088/60 | 47 001 600 60 7 340 032 HP@H-14
2 SNR 4:2:2 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14

3 0 Base 4:2:0 720/576/30 10 368 000 15 1 835008 MP@ML
1 Spatial 4:2:0 1440/1088/60 | 47 001 600 60 7 340 032 Spt@H-14
2 SNR 4:2:0 1440/1088/60 | 47 001 600 80 9781 248 HP@H-14
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