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Foreword

ISO

8-2:2013(E)

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

and 1
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Intern

blogy, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

The

ain task of the joint technical committee is to prepare International Standards. Draft

Standards adopted by the joint technical committee are circulated to national bodies for voting. |
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rnational Standard requires approval by at least 75 % of the national bodies casting a vote.

ion is drawn to the possibility that some of the elements of this.document may be the sub
ISO and IEC shall not be held responsible for identifying any,erall such patent rights.

FC 13818-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
bmmittee SC 29, Coding of audio, picture, multimedia.and hypermedia information, in colle
. The identical text is published as ITU-T Rec. H.262,(2012).

third edition cancels and replaces the second edition (ISO/IEC 13818-2:2000), whig
cally revised. It also incorporates the Amendments ISO/IEC 13818-2:2000/Amd.1:2001, IS
0/Amd.2:2007 and ISO/IEC 13818-2:2000/Amd.3:2010, and the Technical Corrigenda IS
0/Cor.1:2002 and ISO/IEC 13818-2:2000/Cor.2:2007.

FC 13818 consists of the following~parts, under the general title Information technolog
) of moving pictures and associated audio information:

art 1: Systems

art 2: Video

art 3: Audio

art 4: Conformance testing

art 5; Software simulation

on-governmental, in liaison with ISO and IEC, also take part in the work. In the field ¢f information

Part 2.
International
Publication as

ject of patent

technology,
boration with

h has been
D/IEC 13818-
D/IEC 13818-

y — Generic

art 6: Extensions for DSM-CC

— 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

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

BSS Broadcasting Satellite Service (fo the home)

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

"DAD Cable Digital Audio Distribution

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

e Electronic Cinema

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

HTT Home Television Theatre

PC Interpersonal Communications (videoconferencing, videophone, etc.)
SM Interactive Storage Media (optical disks, etc.)

MMM  Multimedia Mailing

NCA News and Current Affairs

NDB Networked Database Services (via ATM;etc.)

RVS Remote Video Surveillance

5SM Serial Storage Media (digital VIR, etc.)

Intro. 3 Profilesand levels

This Specification is intended to be generic in the sense that it serves a wide range of applications, bit rates, rgsolutions,
qualities and services. Applications should cover, among other things, digital storage media, television broaddasting and
communidations. In the course ef'creating this Specification, various requirements from typical applications |have been
considered, necessary algorithmic elements have been developed, and they have been integrated into a single syntax.
Hence, thip Specification will facilitate the bitstream interchange among different applications.

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

A "profile
imposed b
encoders and decoders depending upon the values taken by parameters in the bitstream. For instance, it is possible to
specify frame sizes as large as (approximately) 2!4 samples wide by 214 lines high. It is currently neither practical nor
economic to implement a decoder capable of dealing with all possible frame sizes.

'Jsa defined subset of the entire bitstream syntax that is defined by this Specification. Within

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

Bitstreams complying with this Specification use a common syntax. In order to achieve a subset of the complete syntax,
flags and parameters are included in the bitstream that signal the presence or otherwise of syntactic elements that occur
later in the bitstream. In order to specify constraints on the syntax (and hence define a profile), it is thus only necessary
to constrain the values of these flags and parameters that specify the presence of later syntactic elements.
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https://iecnorm.com/api/?name=1b13cf38def9d2e6a6c62ba6f4b8dd43

Intro. 4 The scalable and the non-scalable syntax

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

Intro. 4.1 Overview of the non-scalable syntax

The coded representation defined in the non-scalable syntax achieves a high compression ratio while preserving good
image quality. The algorithm is not lossless as the exact sample values are not preserved during coding. Obtaining good
image quality at the bit rates of interest demands very high compression, which is not achievable with intra picture
coding alone. The need for random access, however, is best satisfied with pure intra picture coding. The choice of the
techniqued s based on the need to balance a high image quality and compression ratio with the requirement to make
random adcess to the coded bitstream.

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

Intro.4.1/1 Temporal processing

Because of the conflicting requirements of random access and highly efficient'’compression, three main picturg types are
defined. Intra-coded pictures (I-pictures) are coded without reference to other pictures. They provide access p@ints to the
coded seqpience where decoding can begin, but are coded with only 1mioderate compression. Predictive coded plictures (P-
pictures) dre coded more efficiently using motion compensated pfediCtion from a past intra or predictive coded picture
and are generally used as a reference for further prediction:Bidirectionally-predictive coded pictures (B-pictures)
provide thie highest degree of compression but require both past and future reference pictures for motion conpensation.
Bidirectionally-predictive coded pictures are never used as.references for prediction (except in the case that the resulting
picture is pised as a reference in a spatially scalable enhancement layer). The organization of the three picture{types in a
sequence s very flexible. The choice is left to the enceder and will depend on the requirements of the applicat{on. Figure
Intro. 1 illpstrates an example of the relationship among the three different picture types.

Bidifegtional 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
this should be done.

I ntro. 4.1 Spatta redurndarncy Teduction

Both sourpe pictures and prediction errors have high spatial redundancy. This Specification uses a block-based DCT
method With visually weighted quantization and run-length coding. After motion compensateéd prefliction or
interpolatipn, the resulting prediction error is split into 8 by 8 blocks. These are transformed into the DCT donpain where
they are Weighted before being quantized. After quantization many of the DCT coefficients dre)yzero in value and so
two-dimerjsional run-length and variable length coding is used to encode the remaining DCT coefficients efficiently.

Intro. 4.1/5 Chrominance formats

In addition to the 4:2:0 format supported in ISO/IEC 11172-2 this Specification supports 4:2:2 and 4:4:4 chrominance
formats.

Intro. 4.2 Scalable extensions

The scalability tools in this Specification are designed to support applications beyond that supported by single layer
video. Among the noteworthy applications areas addressed are yideo telecommunications, video on Asynchronous
Transfer Mode (ATM) networks, interworking of video standards, video service hierarchies with multifjle spatial,
temporal gnd quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal|resolution
HDTV, gtc. Although a simple solution to scalable, video is the simulcast technique which is |based on
transmissipn/storage of multiple independently coded reproductions of video, a more efficient alternative |s scalable
video coding, in which the bandwidth allocated to a givei reproduction of video can be partially re-utilized in] coding of
the next r¢production of video. In scalable video codiitg, it is assumed that given a coded bitstream, decoders|of various
complexitjes can decode and display appropriate reproductions of coded video. A scalable video encoder is lik¢ly to have
increased pomplexity when compared to a single layer encoder. However, this Recommendation | Internationgl Standard
provides feveral different forms of scalabilities that address non-overlapping applications with corgesponding
complexit]es. The basic scalability tools\offered are:

+  data partitioning;
+  SNR scalability;
+  spatial scalability; and

+ temporalsealability.

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

TableIntro. 1 —Applications of SNR scalability

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

lower layer

4:2:0 high definition 4:2:2 chroma simulcast Video production / distribution
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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
TableIntro. 3— Applications of temporal scalability
Base Enhancement Higher Application
Prpgressive (30 Hz) Progressive (30 Hz) Progressive (60 Hz) Migration to high resolution progressive
HDTV
Inferlace (30 Hz) Interlace (30 Hz) Progressive (60 Hz) Migration to high resolutiOh progressive
HDTV
Intro. 4.2{1 Spatial scalable extension
Spatial scglability is a tool intended for use in video applications involving telecommunications, interworking of video
standards,|video database browsing, interworking of HDTV and TV, etc., i.e,~video systems with the primary common
feature thyt a minimum of two layers of spatial resolution are necessary. ‘Spatial scalability involves genefating two

spatial res
spatial res
resolution
Specificat
latter case]
scalability]
scalability)
sent over

with poor

Intro. 4.2

SNR scal
multiple q
layers of
different
quality an
lower laygq
either use

layer. An

as the mo|
critical en]

blution video layers from a single video source such that the lower layer is coded by itself to provid|
plution and the enhancement layer employs the spatially interpolated lower layer and carries the
of the input video source. The lower and the enhancement layers may either both use the coding t
on, or the ISO/IEC 11172-2 Standard for the lower layer<and this Specification for the enhancement
achieves a further advantage by facilitating interworking between video coding standards. Moreoy
offers flexibility in choice of video formats to be,employed in each layer. An additional advantagg
is its ability to provide resilience to transmisgion errors as the more important data of the lower laj
hannel with better error performance, while.the less critical enhancement layer data can be sent ovel
error performance.

2 SNR scalable extension

ibility is a tool intended for.use*in video applications involving telecommunications, video ser
palities, standard TV and HDTV, i.e. video systems with the primary common feature that a minim
ideo quality are necessary. SNR scalability involves generating two video layers of same spatial res
ideo qualities from a single video source such that the lower layer is coded by itself to provide the b
1 the enhancement.layer is coded to enhance the lower layer. The enhancement layer when added t
r regenerates a higher quality reproduction of the input video. The lower and the enhancement |
this Specification or ISO/IEC 11172-2 Standard for the lower layer and this Specification for the en
hdditional.adyantage of SNR scalability is its ability to provide high degree of resilience to transmis

nancgment layer data can be sent over a channel with poor error performance.
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Fe important data of the lower layer can be sent over channel with better error performance, while the less

3~ Tempaoral scalable extension

Temporal scalability is a tool intended for use in a range of diverse video applications from telecommunications
to HDTV for which migration to higher temporal resolution systems from that of lower temporal resolution systems may
be necessary. In many cases, the lower temporal resolution video systems may be either the existing systems or the less
expensive early generation systems, with the motivation of introducing more sophisticated systems gradually. Temporal
scalability involves partitioning of video frames into layers, whereas the lower layer is coded by itself to provide the
basic temporal rate and the enhancement layer is coded with temporal prediction with respect to the lower layer, these
layers when decoded and temporal multiplexed to yield full temporal resolution of the video source. The 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 | International Standard specifies the coded representation of picture information for digital
storage media and digital video communication and specifies the decoding process. The representation supports constant
bit rate tRISIIISSION, vartabte bt Tate tramsIIISSION, TadOTT aCTeSS,; CHaTeT huppiug, scatabte dcuudiug, bitstream
editing, a§ well as special functions such as fast forward playback, fast reverse playback, slow motion, patge and still
pictures. This Recommendation | International Standard is forward compatible with ISO/IEC 11172-2 and ppward or
downward compatible with EDTV, HDTV, SDTV formats.

This Recqmmendation | International Standard is primarily applicable to digital storage mediay video broadcast and
communidation. The storage media may be directly connected to the decoder, or via communications meaps such as
busses, LANS, or telecommunications links.

2 Nor mative r efer ences

The following Recommendations and International Standards contain proyisiens which, through reference ip this text,
constitute [provisions of this Recommendation | International Standard. Atthe time of publication, the edition$ indicated
were valigl. All Recommendations and Standards are subject to revision, and parties to agreements bas¢d on this
Recommehdation | International Standard are encouraged to inveStigate the possibility of applying the njost recent
edition of the Recommendations and Standards indicated below, Meémbers of IEC and ISO maintain registers of currently
valid Intetjnational Standards. The Telecommunication Standardization Bureau of ITU maintains a list of currgntly valid
ITU-T Regommendations.

+ 1EC 60461 (1986), Time and control codéefer video tape recorders.

+ ISO/IEC 11172-2:1993, Information-technology — Coding of moving pictures and associated audio for
digital storage media at up to abouf\1,5 Mbit/s— Part 2: Video.

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

+ Recommendation ITU-R BT.470-6 (1998), Conventional television systems.

+ Recommendation ITU-R BT.601-7 (2011), Studio encoding parameters of digital television fof standard
4:3 and wide screen'16:9 aspect ratios.

+ Recommendation ITU-T H.320 (2004), Narrow-band visual telephone systems and terminal equi pment.

3 Definitions

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

31 AT coelficient: Any DCT coelficient for which the frequency inl one or both dimensions is NON-Zero.

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

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

33 B-field picture: A field structure B-picture.
34 B-frame picture: A frame structure B-picture.
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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ISO/IEC

37

3.8
39
3.10
311
3.12
3.13

13818-2:2013 (E)

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.

backward prediction: Prediction from the future reference frame (field).
base layer: First, independently decodable layer of a scalable hierarchy.

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

bit rate: The rate at which the coded bitstream is delivered from the storage medium to the input of a decoder.

block: An 8-row by 8-column matrix of samples, or 64 DCT coefficients (source, quantized or de-quantized).

bottom field: One of two fields that comprise a frame. Each line of a bottom field is spatial

immediately below the corresponding line of the top field.

314

the stream

3.15
3.16

ISO/IEC 1[3818-2.

3.17
3.18

contain only coded refinement data for the DC coefficients, and all the data for the AC-Coefficients, of the ch|
componenfs.

3.19

signals related to the primary colours in the manner defined in the bitstr€éam. The symbols used for the ch|
signals arg Cr and Cb.

3.20
321
3.22

3.23

3.24
and the fo

3.25
TH.262 |

3.26

same as thie display order.

3.27
3.28

are characferizedby*coding parameters. Decoders are characterized by the bitstreams that they are capable of d

3.29
that make

3.30
3.31
3.32
3.33
3.34

3.35
3.36
3.37

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

hyte: Sequence of 8 bits.

Channel: A digital medium that stores or transports a bitstream constructed according to"Rec. ITU|

throminance for mat: Defines the number of chrominance blocks in a macroblock,

Chroma simulcast: A type of scalability (which is a subset of SNR scalability) where the enhancems

Chrominance component: A matrix, block or single sample représenting one of the two colour

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

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

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

coded picture: A coded picture is made of a picture header, the optional extensions immediately fo
lowing picture data. A coded picture'may be a coded frame or a coded field.

coded video bitstream: A coded representation of a series of one or more pictures as defined in
SO/IEC 13818-2.

coded order: The ordei*in which the pictures are transmitted and decoded. This order is not nece

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

coding parameters: The set of user-definable parameters that characterize a coded video bitstream.

ly located

first bit in

LT H.262 |

nt layer(s)
rominance

difference
rominance

coded |-frame: An I-frame picture or a pair of figld pictures, where the first field picture is an I-pictyre and the
second fie|d picture is an I-picture or a P-picture.

llowing it,

Rec. ITU-

ssarily the

Bitstreams
ecoding.

ominance)

Conaponent: A matrix, block or single sample from one of the three matrices (luminance and two chr

P a picture.

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

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

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

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

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.

D-picture: A type of picture that shall not be used except in ISO/IEC 11172-2.
DC coefficient: The DCT coefficient for which the frequency is zero in both dimensions.

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 Rec. ITU-T H.262 | ISO/IEC 13818-2.

3.44 isplay aspect ratio: The ratio of height divided by width (in spatial measurement units such as centimetres)
of the intepded display.

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

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

3.47 Hual-prime prediction: A prediction mode in which two forward field-based, predictions are avetaged. The

predicted block size is 16 X 16 luminance samples.

348 bditing: The process by which one or more coded bitstreams {are manipulated to produce a
new coded bitstream. Conforming edited bitstreams must meet the requirements defined in Rec. ITU-T H.262 |
ISO/IEC 1[3818-2.

3.49 bncoder: An embodiment of an encoding process.

3.50 bncoding (process): A process, not specified in Rec{ITU-T H.262 | ISO/IEC 13818-2, thgt reads a
stream of {nput pictures and produces a valid coded bitstream as défined in Rec. ITU-T H.262 | ISO/IEC 1381§-2.

351 bEnhancement layer: A relative reference to a layer{above the base layer) in a scalable hierarchy. For all forms
of scalabillity, its decoding process can be described by refefence to the lower layer decoding process and the gppropriate
additional|decoding process for the enhancement layer itself.

3.52 ast forward playback: The process of displaying a sequence, or parts of a sequence, of pictures |n display-
order fastdr than real-time.

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

354 ield: For an interlaced video signal, a "field" is the assembly of alternate lines of a frame. Therefore an
interlaced [frame is composed of twe fields, a top field and a bottom field.

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

3.56 ield period:(The reciprocal of twice the frame rate.

357 ield picture; field structure picture: A field structure picture is a coded picture with picture structure is

equal to "Top’field" or "Bottom field".

! A PR =311 11 1 £ 1 1 1
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3.59 forbidden: The term "forbidden" when used in the clauses defining the coded bitstream indicates that the value
shall never be used. This is usually to avoid emulation of start codes.

3.60 forced updating: The process by which macroblocks are intra-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 future reference frame (field): A future reference frame (field) is a reference frame (field) that occurs at a
later time than the current picture in display order.

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

371 hroup of pictures: A notion defined only in ISO/IEC 11172-2 (MPEG-1 Video). dn-Rec. ITU{T H.262 |
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
elements pertaining to the coded data that follow the header in the bitstream.

3.73 nybrid scalability: Hybrid scalability is the combination of two (or moré)\types of scalability.

3.74 [nterlace: The property of conventional television frames whereCalternating lines of the framg represent
different ipstances in time. In an interlaced frame, one of the fields is meant to be displayed first. This field iy called the
first field. [The first field can be the top field or the bottom field of the frane!

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 ntra coding: Coding of a macroblock or picture that uses information only from that macroblock or [picture.

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

3.79 level: A defined set of constraints onthe values which may be taken by the parameters of Rec. ITUFT H.262 |
ISO/IEC 113818-2 within a particular profile:-A profile may contain one or more levels. In a different context, |evel is the
absolute vplue of a non-zero coefficient'(see "run").

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

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

3.82 ower layen A relative reference to the layer immediately below a given enhancement layer (implicitly
including flecodingef all layers below this enhancement layer).

3.83 urminance component: A matrix, block or single sample representing a monochrome representation of the

cis 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.
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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 one of a

range of values. A variable which can take one of only two values is called a flag

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

3.96 hast reference frame (field): A past reference frame (field) is a reference frame (field) that.o¢eurs af an earlier
time than the current picture in display order.

3.97 bicture: Source, coded or reconstructed image data. A source or reconstructed, picture consists of three
rectangular matrices of 8-bit numbers representing the luminance and two chrominance signals. A "coded picture” is
defined in|3.21 of Rec. ITU-T H.262 | ISO/IEC 13818-2. For progressive video, a picture'is identical to a frame, while
for interlaped video, a picture can refer to a frame, or the top field or the bottom field’ of the frame depending on the
context.

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

3.99 brediction: The use of a predictor to provide an estimaté of the sample value or data element currgntly being
decoded.

3.100 brediction error: The difference between the agtual value of a sample or data element and its predicfor.
3.101 predictor: A linear combination of previouslty decoded sample values or data elements.

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

NOTE } In Rec. ITU-T H.262 | ISO/IEC 13848-2, the word "profile" is used as defined above. It should not be copfused with
other dgfinitions of "profile" and in particular. it does not have the meaning that is defined by ISO/IEC JTC1 Specigl Group on
Functional Standardization.

3.103 Dr ogressive: The property of film frames where all the samples of the frame represent the same injstances in
time.

3.104 Huantization matfix:“A set of sixty-four 8-bit values used by the dequantizer.

3.105 huantized DCT-coefficients: DCT coefficients before dequantization. A variable length coded reptesentation
of quantized DCT ceefficCients is transmitted as part of the coded video bitstream.

3.106 uantizer® scale: A scale factor coded in the bitstream and used by the decoding process to| scale the
dequantizgtiof.

3.107 anaom acCess: The process of beginning to read and decode the coded bitsiream af an arbifrary point.

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

3.109 reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A 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).

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

3.116 atapiity—Scatability 15 the ability of a decoder 1o decode anm ordered set of bitstreams 1o Jproduce a
reconstrugdted sequence. Moreover, useful video is output when subsets are decoded. The minimum subset that can thus
be decodefl is the first bitstream in the set which is called the base layer. Each of the other bitstreams, in the s¢t is called
an enhandement layer. When addressing a specific enhancement layer, "lower layer" refer to thelbitstrdgam which
precedes the enhancement layer.

3.117 i de infor mation: Information in the bitstream necessary for controlling the decodet)

3.118 |6 x 8 prediction: A prediction mode similar to field-based prediction but where the predicted blpck size is
16 X 8 lunjinance samples.

3.119 un: The number of zero coefficients preceding a non-zero coefficients in'‘the scan order. The absolufe value of
the non-zdro coefficient is called "level".

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

3121 bkipped macroblock: A macroblock for which no data iS@€ncoded.
3.122 Hlice: A consecutive series of macroblocks which are\all located in the same horizontal row of macroplocks.

3.123 BNR scalability: A type of scalability where thesenhancement layer(s) contain only coded refinement data for
the DCT doefficients of the lower layer.

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

3.125 fpatial prediction: Prediction derived from a decoded frame of the lower layer decoder used|in spatial
scalability

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

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

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

3129 ocmnoaralnrodiction: Deadiats P2 P d £ £ £ £1al +]la 4 +la dafs t 1
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prediction.

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 this bitstream is only decodable together with all its lower layer bitstreams (unless it is a base layer bitstream).

3140 pyYzag Scanmmy order A specific sequentiatorderingof the DET Toefficiemts—fronr(approximately) the

lowest spatial frequency to the highest.

4 Abbreviations and symbols

The mathgmatical operators used to describe this Specification are similar to those used in the/€ programming language.
However, | integer divisions with truncation and rounding are specifically defined. Numbering and counting loops
generally begin from zero.

4.1 A\rithmetic operators

s Addition

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

+- Decrement, i.e. X—— is equivalent to x =x — 1
< e
Multiplication

Power

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

/ Integer division with teunding to the nearest integer. Half-integer values are rounded away| from zero
unless otherwise spetified. 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 fis rounded
to 1, and -3 DIV 2 is rounded to —2.

- Used to denote division in mathematical equations where no truncation or rounding is interjded.

) Modulus operator. Defined only for positive numbers.
I x>0

Bign(y- Sign(x) = J() X==

=T 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 Logical operators
I Logical OR
&& Logical AND
! Logical NOT
4.3 Relational operators
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to

b 14
F— J_zkibldl W

= Not equal to

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

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

K AND

| OR

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

45 A\ ssignment

= Assignment operator

4.6 M nemonics

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

DSl bf Bit string, left bit first, where™left" is the order in which bit strings are written in this Spgcification.
Bit strings are generally wiitten as a string of 1s and Os within single quote marks, e.g. '1000 0001'.
Blanks within a bit strinig are for ease of reading and have no significance. For conveni¢nce, large
strings are occasionally written in hexadecimal; in this case, conversion to a bingry in the
conventional mannet will yield the value of the bit string. Thus, the left most hexadecinpal digit is
first and in each.hexadecimal digit the most significant of the four bits is first.

himsbf  Unsigned- integer, most significant bit first.
imsbf  Signe@integer, in two's complement format, most significant (sign) bit first.

Iclbf  Vartable length code, left bit first, where "left" refers to the order in which the VLC|codes are
written. The byte order of multibyte words is the most significant byte first.

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

4.7 Constants
©  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
dat _nh:\rnmf nextin the data stream.This repgats until the condition is not true
¥
do {
datgd element The data element always occurs at least once.
} while (jcondition ) The data element is repeated until the condition is not tfue.
if ( condifion ) { If the condition is true, then the first group of data elements occurs
datgd element next in the data stream.
} else { If the condition is not true, then the second\group of data elements
datg element occurs next in the data stream.
¥
for (i=m;i<n;i++) { The group of data elements/oecurs (m — n) times. Conditional
datgd element constructs within the grogp of data elements may depend on the
e value of the loop contrel variable i, which is set to zero for the
} first occurrence, ineremented by one for the second occurrence, and so foith.
/* commgnt ... ¥/ Explanatory scomment that may be deleted entirely without [ in any
way altering the'syntax.

This syntqx uses the 'C-code’ convention that\a-variable or expression evaluating to a non-zero value is equiyalent to a
condition fhat is true and a variable or expression evaluating to a zero value is equivalent to a condition that fis false. In
many casgs a literal string is used in acondition. For example:

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

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

As noted, [the group efidata elements may contain nested conditional constructs. For compactness, the {} afre omitted
when only| one data(element follows:

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

data ele data.

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

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

523 Definition of next_start_code() function

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

next_start code() { No. of bits Mnemonic

whil

e (hytealiened() )

zero_bit 1 '0'

whil

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

zero_byte 8 10000 0000

This funct
number of
may be pr
53

The terms
The term '
The term '
The term
value '1").
54

In order f{
operations

6

on checks whether the current position is byte aligned. If it is not, zero stiffing bits are present. Aff
zero stuffing bytes may be present before the start code. Therefore, start codes are always byte a
pceded by any number of zero stuffing bits.

Reserved, forbidden and marker_bit

"reserved" and "forbidden" are used in the description of some values of several fields in the coded 1
reserved” indicates that the value may be used in the future for ITU-T | ISO/IEC defined extensions.
forbidden" indicates a value that shall never be u§e€d (usually in order to avoid emulation of start cod

'marker bit" indicates a one bit integer in #hich the value zero is forbidden (and it therefore shal
These marker bits are introduced at severdl’points in the syntax to avoid start code emulation.

A\rithmetic precision
0 reduce discrepancies between implementations of this Specification, the following rules for
are specified:

)  Where an arithmetically-precise result is not fully specified, such as in the calculation of the
precision shall.-be sufficient so that significant errors do not occur in the final integer values.

exclude@.if the 'less than' (<) and 'greater than' (>) characters are used. For example, [a : b > me
to b, ingluding a but excluding b.

er that any
igned and

itstream.

es).

1 have the

arithmetic

IDCT, the

p)  Where ranges of values are given by a colon, the end points are included if a bracket is piesent, and

hns from a

ideo hitstream syntax and semantics

6.1 Structure of coded video data

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

hierarchy.

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

in 7.10.

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

hierarchy.

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.

6.1.1 Video sequence

The hi he t oxzatantio oteatiaro o 4ho o dod i doo bhatotreana 1o tho v don coqnianco
SyRtacte-Stractire-ote-coaeaviaeo-dstreaiistHeviaeo-SeqHenee-

A video s¢quence commences with a sequence header which may optionally be followed by a group of pictires header
and then By one or more coded frames. The order of the coded frames in the coded bitstream is the ordeér in|which the
decoder pfocesses them, but not necessarily in the correct order for display. The video sequenc® is”terminated by a
sequence end code. At various points in the video sequence, a particular coded frame may be,preceded By either a
repeat seqpence header or a group of pictures header or both. (In the case that both a repeat sequence header apd a group
of pictured header immediately precede a particular picture, the group of pictures header shallyfollow the repeaft sequence
header.)

6.1.1.1 Progressiveand interlaced sequences
This Spectfication deals with coding of both progressive and interlaced sequences:

The outpyt of the decoding process, for interlaced sequences, consists-of a series of reconstructed fields that are
separated |n time by a field period. The two fields of a frame may be ¢oded separately (field-pictures). Alternatively the
two fields|may be coded together as a frame (frame pictures). Botlt frame pictures and field pictures may bg¢ used in a
single vid¢o sequence.

In progregsive sequences each picture in the sequence shall’be a frame picture. The sequence, at the output of the
decoding process, consists of a series of reconstructed framéssthat are separated in time by a frame period.

6.1.1.2 Frame

A frame cpnsists of three rectangular matrices oflintegers: a luminance matrix (Y), and two chrominance matrices (Cb
and Cr).

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

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

A frame i the unionoef a top field and a bottom field. The top field is the field that contains the top-most line[of each of
the three matrices-1he bottom field is the other one.

6.1.1.4 Pictare

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

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

When coding interlaced sequences using frame pictures, the two fields of the frame shall be interleaved with one another
and then the entire frame 1s coded as a single frame picture.

6.1.1.5 Picturetypes

There are three types of pictures that use different coding methods:
+ anlIntra-coded (I) pictureis coded using information only from itself;

+ a Predictive-coded (P) picture is a picture which is coded using motion cémpensated predictjon from a
past reference frame or past reference field;

+ a Bidirectionally predictive-coded (B) picture is a picture which 4s’¢oded using motion compensated
prediction from a past and/or future reference frame(s).

6.1.1.6 PBequence header

A video s¢quence header commences with a sequence header code and is-followed by a series of data elemepts. In this
Specificatjon, sequence header() shall be followed by sequence exteénsion() which includes further paramet¢rs beyond
those usefd by ISO/IEC 11172-2. When sequence extension()<As “present, the syntax and semantics defined in
ISO/IEC 111172-2 do not apply, and the present Specification applies.

In repeat pequence headers all of the data elements withcthe permitted exception of those defining the quiantization
matrices (load intra quantiser matrix, load non_ intracquantiser matrix and optionally intra quantiser matrix and
non_intra [quantiser matrix) shall have the same values\as in the first sequence header. The quantization matri¢es may be
redefined pach time that a sequence header occurs.ithe bitstream (note that quantization matrices may also be updated
using quant matrix_extension()).

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

If a sequgnce scalable extension() ‘occurs after the first sequence header() all subsequent sequence headefs shall be
followed | by sequence scalable\extension() in which all data elements are the same as in |the first
sequence [scalable extension(). ) Conversely if no sequence scalable extension() occurs between |the first
sequence_|header() and the first picture _header(), then sequence_scalable extension() shall not occur in the bit§tream.

If a sequgnce display_extension() occurs after the first sequence header() all subsequent sequence headefs shall be
followed | by sequence display extension() in which all data elements are the same as in |the first
sequence |[display<extension(). Conversely if no sequence display extension() occurs between |[the first
sequence fheader() and the first picture header(), then sequence display extension() shall not occur in the bitsfream.

Repeating the ence hreader attowsthedata order that
random access 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 the coded bitstream, the first coded frame following a group of pictures header shall be a coded I-frame.

6.1.1.8 2.0format

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

Y-matrjx with half the number of lines as the corresponding frame. Thus, the total number of lines jin‘the Y-matrix pf an entire
frame shall be divisible by four.

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

In order tp further specify the organization, Figures 6-2 and 6-3 show the vertiéal,and temporal positionling of the
samples i1} an interlaced frame. Figure 6-4 shows the vertical and temporal positioning of the samples in a grogressive
frame.

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

X O X
X X
X O X

I
I
I
I
I
|
|
I

A O X
X O X
A 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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H.262(12)_F6-2

Figlire 6-2 —Vertical and temporal positions of samplesin aninterlaced frame with top_field_first|=1
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>
H.262(12)_F6-3

Figure 6-3—Vertical and temporal positions of samplesin an interlaced frame with top_loop_first =0
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6.1.1.9

a
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o

»
H.262(12)_F6-4

Figure 6-4 — Vertical and temporal positions of samplesin a progressive frame

. 2:2 format

In this format the Cb and Cr matrices shall be one half the'size of the Y-matrix in the horizontal dimension an

size as the|

NOTE
Y-matr

Y-matrix in the vertical dimension. The Ysmatrix shall have an even number of samples.

- When interlaced frames are coded as field-pictures, the picture reconstructed from each of these field pictures
x with half the number of lines as the ¢orresponding frame. Thus the total number of lines in the Y-matrix

frame shall be divisible by two.

The lumin

In order t
separated

6.1.1.10

ance and chrominance samples.ate positioned as shown in Figure 6-5.

o clarify the organization, Figure 6-6 shows the (vertical) positioning of the samples when th
nto two fields.

:4:4 format

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

NOTE
Y-matr
frame s|

- When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures
x with- half the number of lines as the corresponding frame. Thus the total number of lines in the Y-matrix
allbe-divisible by two.

l the same

khall have a
bf an entire

e frame is

mensions.

khall have a
bf an entire

The lumin

11 - 1 i 1 1 L. =1 1 ]
dIICC dlIU CHTUIIIITIAITT SAIIPITS dIT DUSTUHUIICU dS SHOWIT T FIZEUITS U=0 dlIl O=7.

6.1.1.11 Framere-ordering

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:

B-frame.

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

output.

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

onstructed

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 there are two
coded B-frames between successive coded P-frames and also two coded B-frames between successive ¢co

ed I- and

P-frames 4
both used
be '1T', '4P

At the enc

At the enc

At the dec

nd all pictures are frame pictures. Frame '11' is used to form a prediction for frame '4P'. Frames '4R'
to form predictions for frames '2B' and '3B'. Therefore the order of coded frames in the coded sequ
, 2B', '3B'. However, the decoder shall display them in the order '1T', 2B', '3B', '4P".
pder input:

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

I B B P B B P B B I B Bp-P

pder output, in the coded bitstream, and at the decoder input:
1 4 2 3 7 5 6 10 8 9 13 11 12
I P B B P B B I B BDOP B B

pder output:

ind '11' are
ence shall

16
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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 certain defined levels of defined profiles a restricted slice structure illustrated in Figure 6-9 shall be used. In this case
every macroblock in the picture shall be enclosed in a slice.

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

H.262(12)_F6-8

Figure 6-8 — The most general slice structure

rp‘ A
N\~ B

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 {s depicted

in Figure ¢-11.
o] |
Cb Cr

H.262(12)_Fé-11

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

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

011 418 519

(S}
(VS

6 (10 711

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

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

In frame plictures, where both-Aframe and field DCT coding may be used, the internal organization within the mpacroblock
is differenf in each casg,

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

b </In"the case of field DCT coding, each block shall be composed of lines from only one of the fwo fields.

This-is-ilustrated-in-Figure-6-14-

In the case of chrominance blocks the structure depends upon the chrominance format that is being used. In the case
of 4:2:2 and 4:4:4 formats (where there are two blocks in the vertical dimension of 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.

6.2
6.2.1

Start code

Each start
twenty thr|
string '000

The start ¢
start code
the slice ¥

H.262(12)_F6-13.

Figure 6-13 — Luminance macroblock structurein frame DCT coding

—
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¢ N\~

«—&——

H.262(12)_F6-14

Figure 6-14 — L uminancemacr oblock structurein field DCT coding

Video bitstream syntax

btart codes
b are specific bit patterns'that do not otherwise occur in the video stream.

code consists ofa“start code prefix followed by a start code value. The start code prefix is 4
pe bits with thewvalue zero followed by a single bit with the value one. The start code prefix is t
0 0000 0000-0000 0000 0001".

ode value-is an eight bit integer which identifies the type of start code. Most types of start code haj
valu¢. However, slice start code is represented by many start code values, in this case the start co
erfical position for the slice.

string of
hus the bit

e just one
le value is

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

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

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

20
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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
sequence_error_code B4
xtension_start code BS
eserved B6
equence_end code B7
broup_start_code B8
ystem start codes (Note) B9 through FE
NOTE - System start codes are defined in Part 1 of this Specification.
Video Sequence
ideo_sequence() { No. of bits Mnemonic
next_start code()
sequence_header()
if ( nextbits() == extension_start code ) {
sequence_extension()
do {
extension_and_user_data( 0 )
do {
if (nextbits() == group_start_code) {
group_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/TEC 11172-2 */
}
sequence_end_code 32 bslbf
}

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

6.2.2.2

22

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
vov_burter_size value 10 uimsbt
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()
Extension and user data
xtension_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 ( nextbit§()== 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 scalable extension()

else if ( nextbits()

—4an

=="Picture Temporal Scalable Extension ID" )

picture _temporal scalable extension()

else.t ( nextbits()

== "Camera Parameters Extension ID" )

camera_parameters_extension()

else if ( nextbits()

=="1TU-T EXtension ID™)

ITU-T_extension()

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 Seguence extension
equence_extension() { No. of bits Mnemonic
extension_start_code 32 bslbf
extension_start_code_identifier 4 uimsbf
profile_and_level_indication 8 uimsbf
progressive_sequence 1 uimsbf
chroma_format 2 uimsbf
horizontal_size extension 2 uimsbf
vertical_size extension 2 uimsbf
bit_rate _extension 12 uimsbf
marker_bit 1 bslbf
vbv_buffer_size extension 8 uimsbf
low_delay 1 uimsbf
frame_rate_extension_n 2 uimsbf
frame_rate extension_d 5 uimsbf
next start code()
6.2.2.4 Pequencedisplay extension
equence_display_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
video fermat 3 uimsbf
colour_description 1 uimsbf
ifA colour_description ) {
colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
}
display_horizontal_size 14 uimsbf
marker_bit 1 bslbf
display_vertical_size 14 uimsbf
next start code()
}
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Sequence scalable extension
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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 timsbf
b
if ( scalable_mode == "temporal scalability" ) {
picture_mux_enable ! 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()
5roup of pictures header
broup_of pictures_header() { No. of bits Mnemonic
group_start_code 32 bslbf
time_code 25 uimsbf
closed_gop 1 uimsbf
broken_4ink 1 uimsbf

next_start 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
§
if ( picture_coding_type==3) {
full_pel_backward_vector 1 bslbf
backward_f_code 3 bslbf
}
while ( nextbits() =="1") {
extra_bit_picture /* with the value 'l' */ ! 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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Pictur e coding extension
picture_coding_extension() { No . of bits Mnemonic
extension_start_code 32 bslbf
extension_start_code_identifier 4 uimsbf
f_code[0][0] /* forward horizontal */ 4 uimsbf
f_code[0][1] [* forward vertical */ 4 uimsbf
f_code[1][0] [* backward horizontal */ 4 uimsbf
f_code[1][1] [* backward vertical */ 4 uimsbf
intra_dc_precision 2 uimsbf
picture_structure Z uimsbf
top_field_first 1 uimsbf
frame pred_frame dct 1 uimsbf
concealment_motion_vectors 1 timsbf
g_scale type 1 uimsbf
intra_vic format 1 uimsbf
alternate_scan ! 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()
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27


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

ISO/IEC 13818-2:2013 (E)

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
To0ad_chroma_Intra_quantiser_matrix T uimsbf
if (load_chroma_intra_quantiser matrix )
chroma_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_non_intra_quantiser_matrix 1 timsbf
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
icture_display extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
for (1=0; 1 <number of frame centre offsets;1++) {
frame_centre_horizontal_offset 16 simsbf
marker_bit 1 bslbf
frame_centre_vertical_offset 16 simsbf
marker_bit 1 bslbf
}
next start code()
6.2.3.4 Picturetemporal scalable extension
picture_temporal scalable extension() { No. of bits Mnemonic
extension_start_code identifier 4 uimsbf
reference_select_code 2 uimsbf
forward_temporal_reference 10 uimsbf
marker_bit 1 bslbf
backward_temporal_reference 10 uimsbf

next_start code()
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6.2.3.5 Picture spatial scalable extension

picture spatial scalable extension() { No. of bits Mnemonic

extension_start_code_identifier 4 uimsbf
lower _layer_temporal_reference 10 uimsbf
marker_bit 1 bslbf
lower layer _horizontal_offset 15 simsbf
marker_bit 1 bslbf
lower _layer_vertical_offset 15 simsbf
spatial_temporal_weight_code_table_index 2 uimsbf
TOWer_Tayer_progr essive_frame T uimsbf
lower_layer _deinterlaced_field_select 1 uimsbf
next start code()

6.2.3.6 Copyright extension

opyright_extension() { No. of bits Mnemonic

extension_start_code_identifier 4 uimsbf
copyright_flag 1 uimsbf
copyright_identifier 8 uimsbf
original_or_copy 1 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright_number_2 22 uimsbf
marker_bit 1 bslbf
copyright_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

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—Tormioer TiTTsSbf
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_yertical_x 22 simsbf
marker_hit 1 bslbf
image_plané vertical_y 22 simsbf
marker_bit 1 bslbf
image plane vertical_z 22 simsbf
marker_bit 1 bslbf
reserved 32 hslhf
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
ontent_description_data() { No. of bits Mrnemonic
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 Parameters" )
additional pan_scan_parameters()
else if ( data_type == "Active Region Windew")
active_region_window()
else if ( data_type == "Coded Picture\lvength" )
coded_picture length()
else
for (1= 0; 1< data,length; i ++) {
marker_bit 1 bslbf
reserved_content_description_data 8 uimsbf
}
6.2.3.7.3.1 .~ Padding bytes
padding_bytes() { No. of bits Mnemonic
for (1=0; 1< data_length; i++) {
marker_bit 1 bslbf
padding_byte 8 bslbf
}
§
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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
mrarmes CONver SoT 1_Ccouc 1 Tims bt
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()
6.2.3.7.3.41 Frameor field capturetimestamp
rame 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_drepped 1 uimsbf
time_offset(part_a 6 simsbf
markershit 1 bslbf
time-Offset_part_b 8
marker_bit 1 bslbf
time_offset_part_c 8
mnrl/nr_hir 1 belhf
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 it T B3ibt
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_offsettlower 8
marker_bit 1 bslbf
frame_centre_vertical wOffset_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

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

TTTarker bt T DSIDT
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

6.2.3.7.3.5 Coded picturelength
oded 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.¢ 8

marker_bit 1 bslbf
picture_byte count, part_d 8

34
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6.2.4 Slice
slice() { No. of bits Mnemonic
dice 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
textbitsO—=—=—19¢
slice_extension_flag 1 bslbf
intra_sice 1 uimsbf
slice_picture_id_enable 1 uirsbf
slice_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()
}
6.2.5 M acr oblock
macroblock() { No. of bits Mnemonic
while ( nextbits() = "0000 0001 000" )
macr oplock_escape 11 bslbf
macr oblock_address_increment 1-11 viclbf
macrobleck: ‘modes()
if (;macroblock quant )
quantiser_scale_code 5 uimsbf
if ( macroblock motion forward ||
(macrohlock infra && concealment mafion 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' ) {

- framme—pred—frame—dct==—""
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 == 1 )

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

motion{ vertical_field_select[0][s] 1 uimsbf
motion_vector( 0, s )
} else {
motion_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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k" is fully

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
H-thmy——"1
dmvector[1] 1-2 vlclbf
6.25.3 (Coded block pattern
oded block pattern () { No. oftbits Mnemonic
coded_block_pattern_420 329 viclbf
if (chroma_format ==4:2:2)
coded_block_pattern_1 2 uimsbf
if (chroma_format ==4:4:4)
coded_block_pattern_2 6 uimsbf
6.2.6 Block
The detailed syntax for the terms "First DCT coefficient”<’Subsequent DCT coefficient" and "End of Blod
described jn 7.2.
This subclpuse does not adequately document the black layer syntax when data partitioning is used. See 7.10.
block( 1) { No. of bits Mnemonic
if ( pattern_codef[i] ) {
if ( macroblock “intra ) {
ififix<4){
dct_dc_size luminance 29 vlclbf
if(det_dc_size luminance !=0)
dct_dc_differential 1-11 uimsbf
} else {
dct_dc_size chrominance 2-10 viclbf
if(dct_dc_size chrominance != 0)
dct_dc_differential 1-11 uimsbf
}
} else {
First DCT coefficient 2-24 viclbf
}
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.

Sequence

ISO/IEC 11172-2

Extension GOP Picture

Sequence

header extension and user header header
t
Sequence /
header
N

Y Afte

The follow

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

ing semantic rules apply:

Sequencd
End

Pic. coding
extension

H.262(12)_F6-

Figure 6-15—High level bitstream organization

If the first sequence header() of the“sequence is not followed by sequence_extension(), then
shall conform to ISO/IEC 111722 and is not documented within this Specification.

If the first sequence header() of a sequence is followed by a sequence extension(), then all s

occurrences of sequence” header() shall also be immediately followed by a sequence_extension().

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

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

]

the stream

ubsequent

e header()
precede a

If sequence extension() occurs in the bitstream, then each picture header() shall be followed imimediately

by.apicture _coding_extension().

sequence_end code shall be positioned at the end of the bitstream such that, after decoding

and frame

te-ordering, there shall be no missing frames.

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

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

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

At each pgint where extensions are allowed in the bitstream any numbér of the extensions from the defined allpwable set
may be in¢luded. However, each type of extension shall not occur more than once.

In the casg¢ that a decoder encounters an extension with an extension identification that is described as "reservied" in this
Specificatjon, the decoder shall discard all subsequent data*until the next start code. This requirement allpws future
definition pf compatible extensions to this Specification.

6.3.2 /ideo sequence

sequence|end_code — The sequence end code-is the bit string '000001B7" in hexadecimal. It terminatds a video
sequence.

6.3.3 Bequence header

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

horizonta)_size value— This word forms the 12 least significant bits of horizontal_size.
vertical_gze value— This word forms the 12 least significant bits of vertical_size.

horizonta] _size —~\The horizontal size is a 14-bit unsigned integer, the 12 least significant bits are {lefined in
horizontal| size~value, the 2 most significant bits are defined in horizontal size extension. The horizontal pize is the
width of thedisplayable part of the luminance component of pictures in samples. The width of the encoded [luminance
compone nfpir‘fnrpq in macroblocks mb width i (horizontal gize + 15)/16 The dicp]ﬂ\ able part is left-aligned in the

encoded pictures. - -

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

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

In the case that progressive sequence is '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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The displayable part is top-aligned in the encoded pictures.

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

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

Table 6-3 —aspect_ratio_information

aspect_ratio_information Sam%ztﬁfpem DAR
0000 Forbidden Forbidden
0001 1.0 (Square Sample) =
0010 - 3+4
0011 - 9 +#\16
0100 - 152.21
0101 - Reserved
1111 - Reserved

aspect_rat]
samples) d

frame_rafe _code — This is‘a_four-bit integer used to define frame_rate value as shown in Table 6-4. frame r:

derived fr

When an

o_information either specifies that the "Sample Aspect Ratio" (SAR) (ofithe reconstructed frame is
r alternatively it gives the "Display Aspect Ratio" (DAR).

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

SAR = DAR X horlzc.)ntalisme
vertical _size

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

b Ifsequence display_extension() is present then the sample aspect ratio may be calculated as fol

display horizontal size

SAR = DAR X

display vertical size

m frame ratewvalue, frame rate extension n and frame rate extension d as follows:
Tame_rate= frame rate value * (frame rate extension n + 1) + (frame_rate_extension_d -

ntty for the frame rate exists directly in Table 6-4, frame rate extension n and frame rate extensi

.0 (square

d frame is
calculated

d the DAR

OWS:

ite may be

L 1)

on_d shall

a1 1N o d (6 d 1IN choll o

reater than

be zero. (
one.
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Table 6-4 —frame rate value

If progres
reciprocal

If progress
reciprocal

The frame
re-multipl

bit_rate
bit_rate
bit rate e
The bit rat
The VBV

variable b
to the inpy

NOTE
value o
operati

marker 1
vbv_buffe

vbv_buffe
and the u|
Verifier, s

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

sive_sequence is 'l' the period between two successive frames at the output’of the decoding pro
of the frame_rate. See Figure 7-18.

ive_sequence is '0' the period between two successive fields at the.dutput of the decoding process is
of the frame rate. See Figure 7-20.

| rate signalled in the enhancement layer of temporal scalability is the combined frame rate after th
bx operation if picture_mux_enable in the sequence_scalable/ extension() is set to '1'.

alue— The lower 18 bits of bit_rate.

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

e specified bounds the maximum rate of gperation of the VBV as defined in C.3.

operates in one of two modes depending on the coded values in vbv_delay. In all cases (both co
t rate operation) the bit rate specified shall be the upper bound of the rate at which the coded data
t of the VBV.

P — Since constant bit rate operation is simply a special case of variable bit rate operation there is no requiren]

f bit_rate is the actual bit,rate at which the data is supplied. However it is recommended in the case of cons|
n that bit_rate should represent the actual bit rate.

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

r_size ~vbv_buffer size is an 18-bit integer. The lower 10 bits of the integer are in vbv_buffer |
pper /8 'bits are in vbv_buffer size extension. The integer defines the size of the VBV (Video
peAnnex C) buffer needed to decode the sequence. It is defined as:

Cess is the

half of the

e temporal

bits are in
len.

nstant and
s supplied

ent that the
ant bit rate

size value
Buffering

B =16 * 1024 * vbv_buffer size

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 Seguence extension

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

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

NOTE t In a scalable hierarchy the bitstreams of each layer may set profile_and level indication to a different value ps specified
in clauge 8.

progressiye sequence — When set to 'l' the coded video sequence contains only progressive frame pictupes. When
progressivie_sequence is set to '0' the coded video sequence may contain both frame pictutes and field pictures,|and frame
picture mdy be progressive or interlaced frames.

chroma_fprmat — This is a two-bit integer indicating the chrominance format@s defined in Table 6-5.
horizonta]_size extension — This 2-bit integer is the 2 most significant bits from horizontal size.
vertical_gze extension — This 2-bit integer is the 2 most significantbits from vertical_size.

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

vbv_buffér_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_delay — This flagy when set to 'l', indicates that the sequence does not contain any B-pictures, that|the frame
re-ordering delay is(not present in the VBV description and that the bitstream may contain "big pictures", i.e. that C.7 of
the VBV 1hay apply:

When set [toV0); it indicates that the sequence may contain B-pictures, that the frame re-ordering delay is [present in

th VBV 11t dtlagst lasitat Lol s toaialos ot : O O  YNIDY ] &+ 1
(] aescriptrotanadtatottstrean - snamr ot Cotam ot Pretar s ¢ T7 o vV O v _aocS notappry-

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

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

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

6.3.6 Sequence display extension

This Specification does not define the display process. The information in this extension does 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

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

colour_dascription — A flag which if set to 'l' indicates the presence of colour primaries, transfer eharacteristics and
matrix_copfficients in the bitstream.

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

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

transfer_¢haracteristics — This 8-bit integer describes the opto-electronic tranSfer characteristic of the sourge picture,
and is defined in Table 6-8.
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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]
9 Unspecified grggﬁgai?séacteristics are unknown or are determined by the
3 Reserved For future use by ITU-T | ISO/IEC
primary X y
green 021 0.71 Rec. ITU-R BT.470, System M (historical)
4 blue 014 0.08 NTSC-1953 [16], Recommendation for transmission standqrds for
’ ’ 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, @& (histprical)
5 blue 015 0.06 Rec. ITU-R BT.601 (see Claase 2 for title), 625
' ) Rec. ITU-R BT.1358 [3],625
red 0.64 0.33 | Rec. ITU-R BT.1700 [5}.625 PAL or 625 SECAM
white D65 0.3127  0.3290
primary X y (functionally the;same as the value 7)
green 0.310 0.595 | Rec. ITU-R BT601 (see Clause 2 for title), 525
6 blue 0.155 0.070 | Rec. ITU-RBT.1358 [3], 525
red 0.630 0.340 | Rec. ITU-R'BT.1700 [5], NTSC
white D65 03127 03290 | SMPTEST170[18]
primary X y
green 0.310 0.595 (functionally th the value 6)
unctionally the same as the value
7 blue 0.155 0.079 SMPTE ST 240 [19]
red 0.630 0:340
white D65 0.3127 ( 16:3290
8-255 || Reserved For future use by ITU-T | ISO/IEC
* [x] indicates item 'x' in the'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 V=4500L. = Rec. ITU-R BT.709 [2]
) for 0 cOlS SL.>0 Rec. ITU-R BT.1361 [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)
4 Assumed display eamma 2.2 NTSC-1953 [16], Recommendation for transmission stapdards
play & ’ for colour television
US 47 CFR 73.682 (a) (20) [20]
. Rec. ITU-R BT.470, System B, G (historical)
> 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 fot {itle), 525 or 625
6 V=4500L. c= Rec. ITU-R BT.1700 [5], NTSC
) for 00018 SL.>0 Rec. ITU-R BT.1358 [3], 525©r 625
' c= SMPTE ST 170 [18]
V=1.1115L ¥ -0.1115
| R OfoLr Le=0.0228 SMPTE ST 240 [19]
for 0.0228 > L,
8 V=L, Linear transfer characteristics
V=1.0- LOglo(LC) +2
9 V=0 Ofor 1212001 Logatithmic transfer characteristic (100:1 range)
for 0.01 >L.>0
V=1.0-Logo(L.) + 2.5
10 V=0 Ofor 12 L. 200031622777 Logarithmic transfer characteristic (316.22777:1 range)
for 0.0031622777 > L~>0
V =1.099 L,>* - 0.099
for L. >0.018
V=4500L,
1 for 0.018 1) > ~0.018 IEC 61966-2-4 [9]
V =—1.099 (-L)** - 0.099)
for 0018 > L,
V = 109914 - 0.099
for 1.33>L.>0.018
12 IN 4.5f(())(r) (%i)lS S L.>_0.0045 Rec. ITU-R BT.1361 [4], extended colour gamut system
V=—T099 2+ T —00997=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]
. Image characteristics are unknown or are determined by
2 Unspecified the application
3 _Rese_rvpr‘ Eorfuture use hy ITLLLT ! ISQ/AEC
Evy=0.59E;+0.11 E5+0.30 E'x NTSC-1953 [16], Recommendation for transmissjion
4 E'pg=—-0.331 E'c +0.500 E's — 0.169 E'g standards for colour television
E'pg =—0.421 E'c — 0.079 E's + 0.500 E'r 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 ClauseR for title), 625
5 E'pg =—0.3313 E'c + 0.5000 E's — 0.1687 E'x
E'pg = — 04187 E'g— 0.0813 E' + 0.5000 By, | Rec- ITU-R BT.1358 3], 625
PR : e B R | Rec. ITU-R BT.1700 [5],'625 PAL or 625 SECAM
IEC 61966-2-4 [9], x%X.€Cgo,
(functionally thesame 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
o , , , Rec. ITU-R BT:1358 525
6 E'pg =—0.3313 E'c + 0.5000 E's — 0.1687 E'x
E'g =~ 0.4187 E'g — 0.0813 E'y + 0.5000 By, | ~e¢ ITUR BTI700 NTSC
PR : ' ' SMPFEST 170 [18]
IEG.61966-2-4 [9], xvY CCeg,
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
9-255 | Reserved For future use by ITU-T | ISO/IEC
* [x] indicates item X' in the Bibliography of‘this Recommendation | International Standard
In Table 6}9:

+  When transfer Characteristics is not equal to 11 or 12, E'g, E'g and E'g are analogue with values|between 0
and 1;

+  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'r, E'g 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's = 0;

ominalwhite is considered-to-have the nrope E =1 B — 1 andE. =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;

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


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

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

— 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+ 0.25*(R+B)) 1]

gz

N
Ig
th

In the cas
coefficien
N
1]
5]

display_h

display_v
considereq
display pr|

Cb=max| 0, min] 253, Round( 03 ¥ G-025 *(RF+B)) F 128 ]
Cr = max[ 0, min[ 255, Round( 0.5 * (R-B) )+ 128 ]]

OTE 1 — For purposes of the YCgCo nomenclature used in Table 6-9, Cb and Cr of the above equations/may b
Cg and Co, respectively. The inverse conversion for the above three equations should be computed as:

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

OTE 2 — The decoding process given by this Specification limits output~sample values for Y, Cr and
nge [0:255]. Thus, sample values outside the range implied by the above equations may occasionally occur at t
e decoding process. In particular the sample values 0 and 255 may occur

e that sequence display extension() is not present in thesbitstream or colour description is zero
s are assumed to be implicitly defined by the application,

OTE 3 — In applications which may have signals with more.than one set of colour primaries, transfer characteri
atrix coefficients, it is recommended to transmit a sequence display extension with colour description set to
ecify the appropriate values for the colorimetry parameters.

prizontal_size— See display_vertical_size.

ertical_size — display horizontal size.and display vertical size together define a rectangle whid
as the "intended display's" active r€gion. If this rectangle is smaller than the encoded frame siz
bcess may be expected to display only a portion of the encoded frame. Conversely if the display r

referred to

Cb to the
he output of

the matrix

tics, and/or
one, and to

h may be
e, then the
pctangle is

larger thap the encoded frame size, then.the display process may be expected to display the reconstructed fijames on a

portion of|
display hi
display_vq

display_h
process th

6.3.7

the display device rather than on the whole display device.
rizontal size shall bedn\the same units as horizontal size (samples of the encoded frames).
rtical_size shall b€ urthe same units as vertical _size (lines of the encoded frames).

rizontal size‘and display vertical size do not affect the decoding process but may be used by t
it is not staridardized in this Specification.

Bequence scalable extension

he display

o a given

It is a sy

ntactic restriction that if a sequence scalable extension() is present in the bitstream followin

sequence_extension(), then sequence scalable extension() shall follow every other occurrence of sequence extension().
Thus a bitstream is either scalable or it is not scalable. It is not possible to mix scalable and non-scalable coding within a

sequence.

scalable 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
also 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).
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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 has layer id = 0.
However, [the base layer of a scalable hierarchy does not carry a sequence_scalable extension() and henc¢ layer id,
except in llhe case of data partitioning. Each successive layer has a layer id which is one greater than-the layer for which
it is an enfjancement.

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

lower _layfer_prediction_horizontal_size — This is a 14-bit integer indicating the horizeiital size of the Ipwer layer
frame whikh is used for prediction. This shall contain the value contained in horizontal size (horizontal size|value and
horizontal| size _extension) in the lower layer bitstream.

lower_layfer_prediction_vertical_size — This is a 14-bit integer indicating the-vertical size of the lower lgyer frame
which is [used for prediction. This shall contain the value contained ‘1" vertical size (vertical size palue and
vertical_size extension) in the lower layer bitstream.

horizonta) _subsampling_factor_m — This affects the spatial scalable upsampling process, as defined in [7.7.2. The
value zero|is forbidden.

horizonta)_subsampling_factor_n — This affects the spatial sealable upsampling process, as defined in 7.7.2.[The value
zero is forpidden.

vertical_gubsampling_factor_m — This affects the spatial scalable upsampling process, as defined in 7.7.2.|The value
zero is forpidden.

vertical_gubsampling_factor_n — This affects-the spatial scalable upsampling process, as defined in 7.7.2.|The value
zero is forpidden.

picture_mux_enable — If set to 1, pictire mux_order and picture mux factor are used for re-multiplexing prior to
display.

mux_to_grogressive_sequence = This flag when set to 'l' indicates that the decoded pictures corresponding [to the two
layers shall be temporally multiplexed to generate a progressive sequence for display. When the temporal mulfiplexing is
intended tp generate an interlaced sequence this flag shall be '0'".

picture_mux_ordes-=dt-denotes number of enhancement layer pictures prior to the first base layer picture. It fhus assists
re-multiplgxing of\pietures prior to display as it contains information for inverting the demultiplexing performed at the
encoder.

picture_muxfactor — It denotes number of enhancement layer pictures between consecutive base layer pictures to
allow correct re-multiplexing of base and enhancement layers for display. It also assists in re-multiplexing of pictures
prior to display as it contains information for inverting the temporal demultiplexing performed at the encoder. The value
'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 _bit 1 1 bslbf
time_code_seconds 0-59 6 uimsbf
time_code pictures 0-59 6 uimsbf

closed_gop — This is a one-bit flag which indicates the nature of the predictions used in the firstyconsecutive [B-pictures
(if any) injmediately following the first coded I-frame following the group of picture header.

closed gop is set to 'l' to indicate that these B-pictures have been encoded using only\backward predicti¢n or intra
coding.

This bit is|provided for use during any editing which occurs after encoding. If the\previous pictures have beeh removed
by editing, broken link may be set to 'l' so that a decoder may avoid displaying these B-pictures followirlg the first
I-picture fpllowing the group of picture header. However, if the closed gop“bitis set to 'l', then the editor may choose
not to set the broken_link bit as these B-pictures can be correctly decoded.

broken_link — This is a one-bit flag which shall be set to '0' during\eéncoding. It is set to 'l' to indicate thpt the first
consecutie B-pictures (if any) immediately following the first coded"I-frame following the group of picture header may
not be corfectly decoded because the reference frame which is used for prediction is not available (because of| the action
of editing).

A decoderfmay use this flag to avoid displaying frames that'cannot be correctly decoded.

6.3.9 Picture header

picture_slart_code — The picture_start code is-a string of 32 bits having the value 00000100 in hexadecimal.
temporal [reference— The temporal_referenee is a 10-bit unsigned integer associated with each coded picture
The following simple specification applies only when low_delay is equal to zero.

When a cdded frame is in the formof two field pictures, the temporal reference associated with each picture shall be the
same (it is called the tempotal) reference of the coded frame). The temporal reference of each coded ffame shall
increment|by one modulo 1024 when examined in display order at the output of the decoding process, excgpt when a
group of plictures header.oceurs. Among the frames coded after a group of pictures header, the temporal refer¢nce of the
coded frarpe that is diSplayed first, shall be set to zero.

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

If picture A.is’not a big picture, i.e. the VBV buffer is only examined once before the coded picture A is removed from
the VBV Juffhl uud ;f I\‘T IS th\/ tv1uyu1al_1ufu1vuvu Uf P;Utulb A, th\zll th\z tblll}}ulal_lbf\.dbll\/\/ Uf l};\ztulb B ;Jllmediately

following 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_delay — The vbv_delay is a 16-bit unsigned integer, Invall cases other then when vbv_delay has|the value
hexadecinjal FFFF, the value of vbv_delay is the number of.periods of a 90 kHz clock derived from the 27 Z system
clock thatl the VBV shall wait after receiving the final"byte of the picture start code before decoding the picture.
vbv_delay] shall be coded to represent the delay as specifiéd above or it shall be coded with the value hexadecimal FFFF.
If any vby| delay field in a sequence is coded with liexadecimal FFFF, then all of them shall be coded with th|s value. If
vbv_delay] takes the value hexadecimal FFFF, input of data to the VBV buffer is defined in C.3.2, otherwise ipput to the
VBV buffpr is defined in C.3.1.

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

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

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

Alternativgly, fer/constant bit rate operation only, vbv_delay may be calculated from the state of the VBV as fqllows:

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".

extra_bit_picture — This flag indicates the presence of the following extra information. If extra_bit_picture is set to 'l',
content_d¢scription datat)strattfottow Tt it Ts—setto— 0", o further comtemt _description_datat sttt fotlpw in this
picture header.

extra_infgrmation_picture — Reserved. A decoder conforming to this Specification (that g¢ncounters
extra_infoymation picture in a bitstream shall ignore it (i.e. remove from the bitstream and discard). A] bitstream
conforminig to this Specification shall not contain this syntax element.

6.3.10 Picture coding extension

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

In an I-pidture in which concealment motion_vectors is zero f code[s][t] is net used (since motion vectors ar¢ not used)
and shall tpke the value 15 (all ones).

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

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

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

Table 6-13—I'ntra DC precision

intra_dc_precision Precision (bits)
00 8
04 9
10 10
11 11

—_—

The inverde quantization-process for the Intra DC coefficients is modified by this parameter as explained in 7.4

picture_siructurexThis is a 2-bit integer defined in Table 6-14.

Table 6-14 — M eaning of picture _structure

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 first field.

lf A QRE s i IS 7a L BPS PSR s | s aat bat—ffald oL famaatad O s faaaat Lo
progruo TVOUSUHUCTICCTTTS LU dr (U U~ UITS IId g OTUTUAatCS— wirdt TICTdUT a TOCUTTISTTOCTOU T dITIC 1S~ OUtput T

decoding process.

In a field picture top_field first shall have the value '0', and the only field output by the decoding process’is th
field pictufe.

In a framg picture top_field first being set to '1' indicates that the top field of the reconstructed-frame is thg
output by the decoding process. top_field first being set to '0' indicates that the bottom field-of the reconstructg
the first figld output by decoding process.

If progresgive sequence is equal to '1', this flag, combined with repeat first field, indicates how many times ((
three) the feconstructed frame is output by the decoding process.

If repeat first field is set to 0, top field first shall be set to '0'. In this\case the output of the decodi

correspondling to this reconstructed frame consists of one progressive frame:

If top_field first is set to 0 and repeat first field is set to 'l', the outpGt of the decoding process correspond
reconstrugted frame consists of two identical progressive frames.

If top_field first is set to 1 and repeat first field is set to 'l/, the output of the decoding process correspond
reconstrudted frame consists of three identical progressive frames.

frame _prpd_frame _dct — If this flag is set to 'l', then only frame-DCT and frame prediction are used. In a fi
it shall bg '0'. frame pred frame dct shall be '1' ifiprogressive sequence is 'l'. This flag affects the syn

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

g_scale_type— This flag affects the inverse quantization process as described in 7.4.2.2.
intra_vlc|format — This flag affects the decoding of transform coefficient data as described in 7.2.2.1.
alternate|scan — This flag affects the decoding of transform coefficient data as described in 7.3.

repeat_fifst_field — This-flag is applicable only in a frame picture; in a field picture it shall be set to zero an
affect the lecoding process.

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

rst by the

e decoded

first field
d frame is

ne, two or

|g process

ing to this

ing to this

eld picture
tax of the

d in intra

d does not

the output

If progressive_sequence 1S equal to U and progressive irame 1S equal 1o I:

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

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

If it 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.

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

composite display_flag — This flag is set to 1 to indicate that the following fields that are of use when the ‘input pictures
have been|coded as (analogue) composite video prior to encoding into a bitstream that complies with' this Spgcification.
If it is set fo 0, then these parameters do not occur in the bitstream.

The inforgnation relates to the picture that immediately follows the extension. In the case that this picture fis a frame
picture, the information relates to the first field of that frame. The equivalent informatiori for the second figld may be
derived (there is no way to represent it in the bitstream).

NOTE |l — The various syntactic elements that are included in the bitstream if composité€, display flag is '1' are notfused in the
decodir]g process.

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

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

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

Table 6-15 — Definition of field_sequence

Field sequence Frame Field

000 1 1
001 1
019
011
100
101
110
111

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

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

burst_amplitude — This is a 7-bit integer defining the burst amplitude (for PAL and NTSC only). The 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).

Rec. ITU-T H.262 (02/2012) 53


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

ISO/IEC 13818-2:2013 (E)

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 be reset

to their dwmmmmmm
quant_mafrix_extension().

With 4:2:(

With 4:2:]
blocks ang
the luming

The defau

The defau

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

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

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

u
0 1 2 3 4 5 6 7
0 8 16 19 22 26 ,20) 29 34
1 16 16 22 24 27~\>29 34 37
19 22 26 27. 29 34 34 38
22 22 26 @1 29 34 37 40
2226 279929 32 35 40 48
26 27 \29 32 35 40 48 58
26 2% 29 34 38 46 56 69
27y 29 35 38 46 56 69 83

N O R WN

Figure 6-16 — Default matrix for intra blocks

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

r() or in a

luminance
X into both

u
0 1 2 3 4 5 6

0 16 16 16 16 16 16 16 16

1 16 16 16 16 16 16 16 16

2 16 16 16 16 16 16 16 16

3 To— 16— 16— 16— 161616 16

4 16 16 16 16 16 16 16 16

5 16 16 16 16 16 16 16 16

6 16 16 16 16 16 16 16 16

v 7 16 16 16 16 16 16 16 16

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_chroma_intra_quantiser_matrix — This is a one-bit flag which is set to 'l"' if chroma_intra quantiser matrix
follows. If it is set to '0' then there is no change in the values that shall be used. If chroma format is "4:2:0", this flag
shall take the-valae-0-

chroma_iptra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, 'encqded in the
default zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always b¢ 8 (values
1 to 7 and|9 to 255 are reserved). For all of the 8-bit unsigned integers, the value zero is forbidden.

load_chrgma non_intra quantiser_matrix — This is a one-bit flag which N set tqd 'I' if
chroma ngn_intra quantiser matrix follows. If it is set to '0' then there is no change in the,values that shall pe used. If
chroma fgrmat is "4:2:0", this flag shall take the value '0'".

chroma_non_intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned ifitcgers. The new values, ¢ncoded in
the defaulf zigzag scanning order as described in 7.3.1, replace the previous valugs»For all the 8-bit unsignef integers,
the value Zero is forbidden.

6.3.12 Picturedisplay extension

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

The pictyre display extension allows the position of.'the display rectangle whose size is spg¢cified in
sequence |[display_extension() to be moved on a picture-bypicture basis. One application for this is the impl¢gmentation
of pan-scapn.

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

frame_centre vertical_offset — This is a™l6-bit signed integer giving the vertical offset in units of 1/16th sample. A
positive vglue shall indicate that the centre of the reconstructed frame lies below the centre of the display rectangle.

The dimer|sions of the display rectarigular region are defined in the sequence_display_extension(). The coordinates of the
region within the coded picture are\defined in the picture display_extension().

The centrd of the reconstructed frame is the centre of the rectangle defined by horizontal size and vertical size]

Since (in |the case of-aninterlaced sequence) a coded picture may relate to one, two or three decoded [fields, the
picture dipplay extension() may contain up to three offsets.

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

f (\progressive sequence == 1) {
if (repeat_first field=="1") {
if (top_field first=="1")
number of frame centre offsets =3

else

number of frame centre offsets =2
} else {
number of frame centre offsets = 1

H
} else {
if (picture_structure == "field") {

number_of frame centre offsets =1
} else {
if (repeat_first_field =="1")
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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-zero values.

Figure 6- ; "
picgture_di kplay _extension() shall specify the position of the centre of the reconstructed frame from the'ce
display re¢tangle.
NOTE [l — The display rectangle may also be larger than the reconstructed frame.
NOTE P — Even in a field picture the frame_centre_vertical offset still represents the offset of the centrexof the frame in 1/16% of a
frame line (not a line in the field).
NOTE B — In the example of Figure 6-17 both frame centre horizontal offset and frame centre, vertical offset hafe negative
values.

6.3.12.1 Pan-scan

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

By way of example only; this facility may be used to identify a 4:3 aspect-tatio window in a 16:9 coded pictyre format.
This would allow a decoder to produce usable pictures for a conyventional definition television set from ap encoded
format intgnded for enhanced definition. The 4:3 aspect ratio region i$ intended to contain the "most interesting" region
of the pictpre.

The 4:3 aspect ratio region is defined by display horizontal size and display vertical size. The 16:9 frame size is
defined byl horizontal size and vertical size.

frame_centr¢_horizontal _offset

= A

X

frﬂmc_ccmrc_vcrtical_offsclT

x display_vertical_size
Display
rectangle
Reconstructed frame \ 4
< , , , >
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 corner) of the upsampled lower layer frame relative to the enhancement layer picture. It is expressed in units of
the enhancement layer picture sample width. If the chrominance format is 4:2:0 or 4:2:2, then this parameter shall be an
even numlper:

lower _layfer_vertical_offset — This 15 bit signed (two's complement) integer specifies the vertical offset (of fhe top left
hand corngr) of the upsampled lower layer picture relative to the enhancement layer picture. It is expressed in ynits of the
enhancemgnt layer picture sample height. If the chrominance format is 4:2:0, then this paraméter‘shall be an even
number.

spatial_tgmporal_weight_code _table index — This 2-bit integer indicates which table)of spatial tempofal weight
codes is t¢ be used as defined in 7.7. Permissible values of spatial temporal weight_code table index are |[defined in
Table 7-21.

lower _layfer_progressive_frame — This flag shall be set to 0 if the lower layer framie is interlaced and shall e set to '1'
if the lowdr layer frame is progressive. The use of this flag in the spatial scalable-upsampling process is defined in 7.7.

lower_layfer_deinterlaced_field_select — This flag affects the spatial scalable upsampling process, as defined jn 7.7.

6.3.15 Copyright extension
extension| start_code_identifier — This is a 4-bit integer which.identifies the extension (see Table 6-2).

copyright| flag — This is a one bit flag. When copyright flag is set to 'l', it indicates that the source vidgo material
encoded in all the coded pictures following the copyright/extension, in coding order, up to the next copyrigh{ extension
or end of gequence code, is copyrighted. The copyright_identifier and copyright number identify the copyrighted work.
When coppright flag is set to '0', it does not indicatezwhether the source video material encoded in all the codg¢d pictures
following fthe copyright extension, in coding order\is copyrighted or not.

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

When copjyright flag is set to '0', Gepyright identifier has no meaning and shall have the value 0.

original_g@r_copy — This is a-one bit flag. It is set to '1' to indicate that the material is an original, and set to '0' fo indicate
that it is a copy.

reserved 1 This is a 7<bit integer, reserved for future extension. It shall have the value zero.
copyright] number 1 — This is a 20-bit integer, representing bits 44 to 63 of copyright number.
copyright| qfumber_2 — This is a 22-bit integer, representing bits 22 to 43 of copyright number.

copyright_number_3— This is a 22-bit integer. representing bits 0 to 21 of copyright number.

copyright_number — This 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_vertical position_extension << 7) + slice_vertical position —1;
else

b ToW =Stice verticat positionr=1;

The slicq 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-posifion is 175
unless slice vertical position extension is present in which case slice vertical position shall be in the,range [1:128].

priority_lreakpoint — This is a 7-bit integer that indicates the point in the syntax where, the bitstrearh shall be
partitioned. The allowed values and their semantic interpretation is given in Table 7-30 prionify’ breakpoint shall take the
value zero|in partition 1.

quantiser| scale code — A 5 bit unsigned integer in the range 1 to 31. The decoder shall use this value unlil another
quantiser_jscale 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 enable,
slice_pictyre 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 of the
macroblodks, are intra macroblocks, then intra_slice may be set to<I.

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

intra_slicel is not used by the decoding process. intra_sliee is intended to aid a DSM application in performjing FF/FR
(see F.12)

dlice_pictyire_id_enable — This flag controls the semantics of slice picture id. If slice_picture id enable i set to '0',
slice_pictyre_id is not used by this Specification and shall have the value zero. If slice picture id enable i§ set to '1',
slice_pictyre id may have a value different from zero.

slice_pictyre id enable must have the.same value in all the slices of a picture. slice picture id enable may pe omitted
from the bjitstream (by setting slice, extension flag to '0") in which case it shall be assumed to have the value zgro.

slice_pictyre id enable is not‘used by the decoding process.

dlice pictlire id — This_is\a 6-bit integer. If slice picture id enable is set to '0', slice picture id is not used by this
Specificatjon and shall have the value zero. If slice picture id enable is set to '1', slice picture_id is applicatipn defined
and may have any value, with the constraint that slice_picture id shall have the same value in all the slices of a picture.

slice_pictyre _id is'not used by the decoding process. slice picture id is intended to aid recovery on sever¢ bursts of
errors for| eeftain types of applications. For example, the application may increment slice picture id [with each
transmitted picture, SO that I case Of SeVere DUTST SITOT, WIIeN Several Stices are 1ost, the decoder can know if the slice
following the burst error belongs to the current picture or to another picture, which may be the case if at least a picture
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
macroblock address_increment is 33. Values greater than this can be encoded using the macroblock escape codeword.

The macrgblock address is a variable defining the absolute position of the current macroblock. The macroblo¢k address
of the top-left macroblock is zero.

The previpus macroblock address is a variable defining the absolute position of the last non-skippedimacrgblock (see
7.6.6 for| the definition of skipped macroblocks) except at the start of a slice. At.the” start df a slice
previous_fnacroblock address is reset as follows:

previous_macroblock address = (mb_row * mb_width) &]

The horiz¢ntal spatial position in macroblock units of a macroblock in the pictures(tib_column) can be computed from
the macroblock address as follows:

mb_column = macroblock address %‘mb_width

where mb | width is the number of macroblocks in one row of the picttire:

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

b 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 scalapility".

b In a B-picture there shall be-no skipped macroblocks immediately following a macroblock in which
macroblock intra is ong.

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

6.3.17.1 Macroblock modes

macroblofk _type — Vatiable length coded indicator which indicates the method of coding and cont¢nt of the
macroblodk accordingfo Tables B.2 through B.8, selected by picture coding_type and scalable mode.

macr oblofk _quant*~ Derived from macroblock type according to Tables B.2 through B.8. This is set to 1 fo indicate
that quantfser, §cale code is present in the bitstream.

macr oblogkxmotion_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 Spjtli gl gﬁgf):srsaj Prediction type mori_?:ga\:ﬁctor mv_format dmv
00 Reserved
01 0,1 Field-based 2 Field 0
01 2,3 Field-based 1 Field 0
10 0,1,2,3 Frame-based 1 Frame 0
11 0,2,3 Dual-Prime 1 Field 1

If frame pgred frame dct is equal to 1 then frame motion_type is omitted from the bitstream. In this case mofion vector
decoding 3nd prediction formation shall be performed as if frame motion_type had\indicated "Frame-based pr¢diction".

In the casg of intra macroblocks (in a frame picture) when concealment motior_vectors is equal to 1 frame mption_type
is not pregdent in the bitstream. In this case motion vector decoding and update of the motion vector predictojrs shall be
performed| as if frame motion_type had indicated "Frame-based" (see 7.6.379).

field_mot|on_type— This is a two bit code indicating the macroblgck prediction type, defined in Table 6-18.

Table 6-18 — M eaning ‘of-field_motion_type

(ode Sp?;ll gl gﬁ?ﬁf):srsaj Prediction type mo“%gﬁ:ﬁctor mv_format dmv
00 Reserved
01 0,1 Ficld-based 1 Field 0
10 0,1 16 X8 MC 2 Field 0
11 0 Dual-Prime 1 Field 1

In the casg of intra macroblocks (in a field picture) when concealment_motion_vectors is equal to 1 field motion_type is
not preser]t in the bitstream. In this case, motion vector decoding and update of the motion vector predictofs shall be
performed| as if field-ndotion_type had indicated "Field-based" (see 7.6.3.9).

dct_type + This-i5 2 flag indicating whether the macroblock is frame DCT coded or field DCT coded. If this is set to '1',
the macroblock s field DCT coded.

In the cascthardct typeTis ot presemnt i the bitstrean, thern the vatue of det_type (used i the Temainder of the decoding
process) 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
macroblock is skipped Unused — Macroblock is not coded
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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.)

6.3.17.3 Motion vector

sand t.)

motion_c

s his—5-a-varia ath cod pedHn—Fy used-H-motion—veeter decoding
as describgd in 7.6.3.1. (See Table 7-7 for the meaning of the indices r,

motion_r¢sidual[r][s][t] — This is an integer which is used in motion vector decoding as described in 7,6.3.1. [See Table
7-7 for th¢ meaning of the indices r, s and t.) The number of bits in the bitstream for motion_residual{r][s][t], r_size, is
derived fr¢m f code[s][t] as follows:

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

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

dmvector|t] — This is a variable length code, as defined in Table B.11, whiclis used in motion vector d¢coding as
described jn 7.6.3.6. (See Table 7-7 for the meaning of the index t.)

6.3.17.4 Coded block pattern
coded_blgck _pattern_420 — A variable length code that is used to deérive the variable cbp according to Table B.9.
coded_blgck_pattern_1

coded_blgck_pattern_2 — For 4:2:2 and 4:4:4 data the coded block pattern is extended by the addition of eithgr a two bit
or six bit fixed length code, coded block pattern 1 or coded block pattern 2. Then the pattern code[i] is defiived using
the followjng:

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

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

}

If pattern_code[i] equals to 1, i =0 to (block count-1), then the block 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.

6.3.19 Camera parametersextension

camera_itli — The number in camera_id identifies a camera.

height_of
be measur]

focal_length — This is a 22-bit unsigned integer which specifies the focal length. Its valuéshall be mea

resolution

f _number
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to 4 194.3

vertical_g
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camera_p

most signifficant bits of camera_position_x, camera_position_y and camera_position_z respectively.
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is a 32-bit

| image_device — This is a 22-bit unsigned integer which specifies the height of image device: Its
ed to a resolution of 0.001 millimeter and having a range of zero to 4 194.303 mm.

of 0.001 millimeter and having a range of zero to 4 194.303 mm.

— This is a 22-bit unsigned integer which specifies the F-number. F-number is d
bth)/(effective aperture of lens). Its value shall be measured to a resolutione£0.001 and having a rar
D3.

ngle of_view — This is a 22-bit unsigned integer which specifies the vertical angle of the field
1 between the top and bottom edges of the image device. Its value.shall be measured to a resolution
having a range of zero to 180 degrees.

osition_X_upper, camera_position_y_upper, camera/position_z_upper — These words constit]

osition_x_lower, camera position_y lower, camera position_z lower — These words constitl
ficant bits of camera_position_x, camera_position 'y and camera_position_z respectively.

osition_X, camera_position_y, camera_position_z — A set of these values specifies the position of
oint of the camera in a user-specified world coordinate system. Each of these values shall be me3
0f 0,001 millimeter and having a range of +2 147 483.647 mm to —2 147 483.648 mm. The camera |
signed (two's complement) integer, the 16 least significant bits are defined in camera_position_x_loy
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irection_x, camera_direction_y, camera_direction_z — A set of these values specifies the direc
he direction‘efthe camera is defined by using the vector from optical principal point to a point which
era and is.on the optical axis of the camera. Each of these values is a 22-bit signed (two's complemg
b a range of +2 097 151 to -2 097 152.

image_planewertical_x, image plane vertical_y, image plane vertical z— A set of these values specifief
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is in front
nt) integer
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direction of the camera. The upper direction of the camera is defined by using the vector which is parallel to the side
edge of the image device and is from bottom edge to top edge. Each of these values is a 22-bit signed (two's
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Figure 6-1
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9 explains these terms pictorially.
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Figure 6-19 — Cameraparameters

6.3.20 TU-T extension
The use of this extension is defined in Annex A of Rec. [TU=T H.320.

6.3.21 (Content description data

data_type upper, data type lower — Two. 8-bit unsigned integer values containing the most significant| and least
significan{ bits, respectively, of the value’of the 16-bit unsigned integer data type that defines the type pf content
descriptioh data. The semantics of data_type are defined in Table 6-21.

Table 6-21 — data_typevalues

Value Meaning
00000000 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.

6.3.21.2 Capturetimecode

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

It containg absolute timestamps for the associated frame or fields. Only one capture timecode for each. pictufe shall be
present in| the bitstream. This timecode shall not take precedence over any timecode specifiedyfor” presgntation or
decoding at a systems multiplex level, for example the presentation time stamps or decoding time,stamps defirjed in Rec.
ITU-T H.322.0 | ISO/IEC 13818-1 [6].

timecode [type — A 2-bit integer that indicates the number of timestamps associated with thispicture as defingd in Table
6-22. The|values '00', '10', and '11' shall only be used when picture structure is equal‘to 'Frame-picture'. The value '00'
indicates that the two fields that make up the frame have the same capture time. Wheén filmecode type is equal|to '11', the
first timestamp pertains to the first field of the frame and the second timestamp pestains to the second field of the frame.

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

counting_[type — A 3-bit integer that indicates the method used for compensating the nframes parameter of the frame or
field captyre timestamps to reduce drift accumulation in the remaining parameters of each timestamp.

Table 6-23 — counting_type values

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)

where "/" indicates the division operator defined in 4.1.

time_discprt au—thatindicatestadisconting e-ortimebase-betweentheprevious-timestamp
and the cyrrent timestamp has occurred. If set to '0', the time difference that can be calculated between the-gurrent and
previous tmestamps is the ideal display duration of the previous frame or field. If set to '1', the time differeng¢e that can
be calculafed between the current and previous timestamps has no defined meaning. If editing occurs.'that resylts in time
or timebade discontinuities or if the previous field or frame timestamp is unavailable, the time discontinuity it shall be

setto 'l".

prior_count_dropped — A 1-bit flag indicating whether the counting of one or more valties~of the nframes|parameter
was droppged in order to reduce drift accumulation in the remaining parameters of -the“timestamp. Shall e zero if
counting_type is '001'. Shall be zero if counting type is '010' and nframes is/net’ equal to 1. Shall be zero if
counting_type is '011' and nframes is not equal to 0. Shall be zero if counting_type‘1s."V00' and nframes is not equal to 2.

time_offsgt_part_a— A 6-bit integer containing the most significant bits of titne) offset.

time_offsgt_part_b — An 8-bit unsigned integer containing the second mostsignificant bits of time_offset.

time_offsgt_part_c— An 8 bit unsigned integer containing the third /host significant bits of time_offset.

time_offsgt_part_d — An 8-bit unsigned integer containing the least significant bits of time_offset.

time_offsgt — A two's complement signed 30-bit integer that is the number of clock cycles (in original 27 MHz system
clock cycles or with a clock frequency modified by clockcdivisor) offset from the time specified by the other parameters
of the frarhe or field capture timestamp in order to specify the equivalent timestamp for when the current field or frame
was captured. When counting_type is 0, the valuecof time offset shall be constrained by the encoder to b¢ less than
27 000 009 in magnitude.

units of _geconds — A 4-bit unsigned integer that is used to calculate the equivalent timestamp. It represents the portion
of the timgstamp of this field or frame that;is measured in seconds modulo 10. Table 6-24 defines the allowed range of
values.

Table 6-24 — units_of seconds values

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

tens_of sgconds — A 4-bit unsigned integer that is used to calculate the equivalent timestamp. It represents the|portion of
the timestamp of thisfietd or framethat s easured i seconmds divided by 10— Table 6-25defmestheattowed range of
values.

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.

Table 6-27 —tens_of_minutes values

‘VICI:UC ?V‘i mllilly
0000-0101 number of minutes / 10
0110-1111 forbidden

units_of_hours — A 4-bit integer that is used to calculate the equivalent timestamp. It represents the porfion of the
timestamp| of this field or frame that is measured in hours modulo 10. Table 6-28 defines the.allowed range of values. It
shall not efxceed a value of "3" if tens_of hours is equal to "2".

Table 6-28 — units of hoursvalues

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

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

Table6-29~tens of hoursvalues

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

When coynting_type is 0, an equivalent timestamp represented in 27 MHz system clock cycles is defifed by the
following [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

When coupting~type is 0, the values of the parameters within the timestamp shall be constrained by the encoder such that
equivalent timestamp shall not be less than 0 and shall not exceed 2 332 799 999 999.

When counting_type 1s not U, an equivalent amestamp represented i 27 MHz system clock cycles is defined by the
following 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 any sequence_ header() F ollowmg a sequence header() the value of dlsplay horizontal_size and
display vertieal—size-she ! HERe v exteRSION

display_hprizontal_size— A 14-bit integer value defined in 6.3.6 (sequence display extension), For any specific value of

tical_size — A 14-bit integer value defined in 6.3.6 (sequence display) extension). For any specific value of

tre_horizontal_offset_upper, frame_centre_horizontal_offset lower — The 8 most significant and least
bits, respectively, of frame centre horizontal offset.

tre_horizontal_offset — A 16-bit signed integer definedin 6.3.12 (picture display extension).

tre vertical_offset_upper, frame centre vertical” offset_lower — The 8 most significant |and least
bits, respectively, of frame centre vertical offset:

tre vertical_offset — A 16-bit signed integer defined in 6.3.12 (picture display extension). Fo¢llowing a
sequence |header(), the value zero shall be used forfall frame centre offsets until a picture display extensiof() defines
non-zero yalues.

number_of frame centre offsets— An infeger defined in 6.3.12. Following a sequence header, the value zefo shall be
used for all frame centre offsets until a picture display extension defines non-zero values.

6.3.21.4 Activeregion window

The activg region window cofitains integers that define the rectangle in the reconstructed frame that is intepded to be
displayed.| This window shallnot be larger than the rectangle defined by the horizontal size and vertical sigze defined
in 6.3.3. No more than @ne ‘active region window for each picture shall be present in the bitstream. When [a frame is
coded as tpo field pictures, the active region window shall not be present in the second field picture.

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

top_left § </A 16-bit 1nteger that deﬁnes the sample number within a line of the lummance component in the

A £ 4+l 4o 4+l lafs £ 4+l lafs £ 4l
reconstructee—trame Luat, Lus\.«ul\.«l VVIUIT l.UP TCTUy, SpPpLUITICS— T apper—ICTT COTTICT O tho actve —TCETOTT WlndOWS

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 of the
picture. Nat more ed picture i e present in the hitstre

picture byte count_part_a, picture byte count_part_b, picture byte count_part c, picture bytercount part d
— The 8 njost significant, second most significant, third most significant, and least significant bits, gespectively, of the
picture byfte count.

picture_blyte count — A 32-bit unsigned integer that indicates the number of bytes starting with the first byte jof the first
slice_start| code of the current picture and ending with the byte preceding the start code prefix/immediately following the
last macrgblock of that picture. The value '0' is permitted. The value '0' indicates that the length of the|picture is
unknown.

7 ' he video decoding process
This clausp specifies the decoding process that a decoder shall perform to r€construct frames from the coded bifstream.

The IDCT function used in the decoding process for computation' of f[y][x] may use any method ¢f integral
approximgtion of the mathematical integer-number IDCT defined‘ii Annex A, provided the approximation c¢nforms to
the accurafy requirements specified in Annex A.

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

Figure 7-1|is a diagram of the video decoding proeess without any scalability. The diagram is simplified for clgrity.

NOTE t Throughout this Specification two dithgnsional arrays are represented as name[q][p] where 'q' is the index in|the vertical
dimensjon and 'p' the index in the horizontal\dimension.

QFS[n] QF[v][u]

Coded Variable
é\ N » length P Inverse scan R .
ap decoding 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 progressive sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall be output
from the decoding process at regular intervals of the field period as shown 1n Figure 7-20. In the case that a frame picture
has repeat] first field == 1 the first field of the frame shall be repeated after the second field. (See "repeat-first field"
in 6.3.10.)

7.2 Variable length decoding

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

Let cc derjote the colour component. It is related to the block number as specified)in Table 7-1. Thus, cc is zgro for 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.

The predig

The predig
QFS[0] sh

NOTE
NOTE

It is a reqy

7122

All coeffig

In all case
code deno

70

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

)

tors shall be reset to the reset value at the following times:

At the start of a slice.

Whenever a non-intra macroblock is decoded.

Whenever a macroblock is skipped, i.e. when macroblock address increment, 1.

tors are denoted dct_dc_pred[cc].
all be calculated from dct_dc_size and dct_dc_differential by any processéquivalent to:

f(dct 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);

PDFS[0] =dct_dc_pred[cc] + dct_diff;

Ict dc_pred[cc] = QFS[0]

| — The symbol * denotes power (not XOR).

P — dct_diff and half range are tempotary variables which are not used elsewhere in this Specification.

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

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

Dther coefficieqts
ients with.theexception of the DC intra coefficients shall be encoded using Tables B.14, B.15 and B,

5 a variable length code shall first be decoded using either Table B.14 or Table B.15. The decoded vz
es,one/of three courses of action:

End of Block — In this case there are no more coefficients in the block in which case the remai

16.

\lue of this

nder of the

7

2)

3)

coefficients in the block (those for which no value has yet been decoded) shall be set to zero. This is

denoted by "End of block" in the syntax specification of 6.2.6.

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);

An "Escape" coded coefficient. In which the values of run and signed level are fixed length coded as

described in 7.2.2.3.

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


https://iecnorm.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.

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)

7222

In the cas

indicated F] Notes 2 and 3 at the foot of that Table.

This modi
block as th

The posit
specificati

NOTE
shall th

7223

Many pos
statisticall

Table B.1
This is fol

NOTE

11172-2.

7224

To summgrise 7.2.2, the variable length decoding process shall be equivalent to the following. At the start of tl
n shall takg the value zero for non-intra blécks and one for intra blocks.

Escape coding

First coefficient of a non-intra block

e of the first coefficient of a non-intra block (a block in a non-intra macroblock) Table B14-is

ication only affects the entry that represents run = 0, level = = 1. Since it is not possible to encode
e first coefficient of a block (the block would be "not coded" in this case) no possibility for ambigui

ons in the syntax that use this modified Table are denoted by "First/DCT coefficient" in
pn of 6.2.6. The remainder of the coefficients are denoted by "SubsequentDCT coefficients".

- In the case that Table B.14 is used for an intra block, the first coefficient shallbe coded as specified in 7.2.1.
brefore not be modified as the first coefficient that uses Table B.14 is the segond-Coefficient in the block.

sible combinations of run and level have no variable lengthycode to represent them. In order to en
y rare combinations an Escape coding method is used.

h defines the escape coding method. The Escape VLE"is followed by a 6-bit fixed length code giy
owed by a 12-bit fixed length code giving the values of "signed level".
- Attention is drawn to the fact that the escape coding.method used in this Specification is different to that used

summary

bob_not read = 1;
while (eob_not read )

<decode VLC, decode Escape coded coefficient if required>
if ( <decoded VLC indicates End of block> ) {
eob_ fiot read = 0;
while (n < 64) {

odified as
an End of

y exists.

he syntax

Table B.14

code these

ing "run".

in ISO/IEC

his process

NOTE

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;
}

}

—eob_not_read and m are temporary variables that are not used elsewhere in this Specification.
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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; vi++)
for=0:1< & nut+t)
QF[v][u] = QFS[scan[alternate_scan][v][u]]
NOTE } 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, N\41 43

3 9 11 18 24 31./,40 44 53

4 10 19 23 32 <{39¥ 45 52 54

5 20 22 33 ¢38) 46 51 55 60

6 21 34 37747 50 56 59 61

\Y 7 35 36,448 49 57 58 62 63

Figure.7-2 — Definition of scan[0][Vv][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++)

7.4

The two-d
This proc
mechanisn
step size ¢

Figure 7-4
resulting ¢
the final 14

NOTE
employ]|

74.1
The DC ¢

In intra bl
the sense
parameter

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

I nver se quantization

imensional array of coefficients, QF[v][u], is inverse quantized to produce the reconstructed DCTc
pss is essentially a multiplication by the quantizer step size. The quantizer step size is modifi
hs; a weighting matrix is used to modify the step size within a block and a scale factor is used‘in org
hn be modified at the cost of only a few bits (as compared to encoding an entire new weighting matri

illustrates the overall inverse quantization process. After the appropriate inverse quantization arit

constructed DCT coefficients, F[v][u].
- Attention is drawn to the fact that the method of achieving mismatch control in\this Specification is diffe

ed by ISO/IEC 11172-2.
OFv][u] Fv][u] Fv][n FV[u]
Inverse i )
——» quantization | Saturatidn > 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

ntra DC coefficient
efficients of-intra-coded blocks shall be inverse quantized in a different manner to all other coefficieg

bcks F"[0][0] shall be obtained by multiplying QF[0][0] by a constant multiplier, intra_dc_mult, (
that it 3s not modified by either the weighting matrix or the scale factor). The multiplier is rels
intra_dc_precision that is encoded in the picture coding extension. Table 7-4 specifies the relatio
recision and intra de mult

intra_dc_q

efficients.
ed by two
er that the
X).

hmetic the

oefficients, F"[v][u], are saturated to yield F'[v][u] and then a mismatch control opgration is performed to give

rent to that

nts.

onstant in
ted to the
n between

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) (cc20)

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 quant]zation scale factor is encoded as a 5-bit fixed length code, gquantiser scale code. This indicates the gppropriate
quantiser [scale to apply in the inverse quantization arithmetic.
q_scale_type (encoded in the picture coding extension) indicatesswhich of two mappings between quantiser gcale code
and quantiser scale shall apply. Table 7-6 shows the two mappings between quantiser_scale code and quantisgr scale.
7.4.2.3 Reconstruction formulae
The following equation specifies the arithmetic to.féconstruct F"[v][u] from QF[v][u] (for all coefficients ekcept intra
DC coeffigients).

F'"[v][u] = (2 X QE[v][u] + k) X W[w][v][u] X quantiser scale /32
where:
L= 0 intra blocks
Sign(QF[v][u]) non-intra blocks
NOTE } The abeye equation uses the "/" operator as defined in 4.1.
743 Baturation
The coefficients Tesulting from the iverse quantization arithimetic are saturated to tic in the range [—20487+2047]. Thus:
2047 F'[v][u] >2047
F'[v][u] = <F'Tv][u] —2048<F'[v][u] <2047
—2048  F'[v][u] <~2048

744 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
significant bit of the two's complement representation of the coefficient. Also since only the "oddness" or "evenness" of the sum is
of interest an exclusive OR (of just the least significant bit) may be used to calculate "sum".

NOTE
conforn
differen
encode
never i
own 1D
mismat

2 — Warning — Small non-zero inputs to the IDCT may result in all-zero output for some IDCT approXirl
L to the requirements specified in Annex A. If this occurs in an encoder, a mismatch may occur in decoder
t conforming IDCT approximation than the approximation used in modelling the decoding process within'the {
should avoid this problem and may do so by checking the output of its own IDCT approximationgIt should e
hserts any non-zero coefficients into the bitstream when the block in question reconstructs to zere ‘through th
CT function approximation. If this action is not taken by the encoder, situations can arise where large and
Ches between the state of the encoder and decoder occur.

hations that

that use a
ncoder. An
hsure that it
e encoder's
very visible
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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
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
745 Summary
In summar erically equivalent to:

for (v=0; v < 8v++) {
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;
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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 {
} F'[v][u] = F*[v][u];

bY
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I
sum = sum + F'[v][u];

F[v][u] = F'[v][u];

f ((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;

nverse DCT

M otion compensation

simplified|diagram of this process.

Non-coded blocks and skipped macr oblocks

DCT coefficients, F[v][u] are reconstructed, an IDCT function that conforms to the accuracy requirements
h Annex A shall be applied to obtain the inverse transformed values fJy][x], which are integers.

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

if pattern_code[i] is zero, or if-the macroblock is skipped, then that block contains no coefficienf data. The
nain coefficients fly][x] forsuch a block shall all take the value zero.

n compensation process forms predictions from previously decoded pictures which are combinefl with the
data (from_the output of the IDCT) in order to recover the final decoded samples. Figure 7-p shows a
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Figure 7-5 - Simplified motion compensation process

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

In the casp of intra-coded macroblocksyno prediction is formed so that p[y][x] will be zero. The saturation] shown in
Figure 7-§ is still required in order to remove negative values and values in excess of 255 (if present) from f[y[|[x]. Intra-
coded magroblocks may carry_motion vectors known as "concealment motion vectors". Despite this no prgdiction is
formed in|the normal course ‘of’ events. This motion vector information is intended for use in the case that bitstream
errors preg¢lude the decoding-of coefficient information. The way in which a decoder shall use this informafion is not
specified. [The only regiirement for these motion vectors is that they shall have the correct syntax for motion [vectors. A
description of the wayin which these motion vectors may be used can be found in 7.6.3.9.

For establjshing-a.fequirement of bitstream conformance, a prediction count increment value shall be derived for each
i a-P-picture as follows. If a macroblock in the current picture is skipped, its prediction count|increment
al t therwise, its prediction count increment value shall alto 1

For establishing a requirement of bitstream conformance, for each macroblock in each I-picture and P-picture, 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
prediction't may be used (selected on a macroblock-by macroblock basis).

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

b 16 X 8 motion compensation — In which two motion vectors are used for each miacroblockl The first
motion vector is used for the upper 16 X 8 region, the second for the lower 16 X 8x¢gion. In thg case of a
bidirectionally predicted macroblock a total of four motion vectors will be usedysince there willjbe two for
the forward prediction and two for the backward prediction. In this Specification 16 x|8 motion
compensation shall only be used with field pictures.

b Dual-prime — In which only one motion vector is encoded (in its full-fefmat) in the bitstream together with
a small differential motion vector. In the case of field pictures twoymotion vectors are then defived from
this information. These are used to form predictions from tweyreference fields (one top, orje bottom)
which are averaged to form the final prediction. In the casefof frame pictures this process is rgpeated for
the two fields so that a total of four field predictions are made. This mode shall only be used in|P-pictures
where there are no B-pictures between the predicted and,reference fields or frames.

7.6.2 Prediction field and frame selection

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

7.6.21 Field prediction

In P-pictufes, the two reference fields from which'ptedictions shall made are the most recently decoded refgrence top
field and the most recently decoded reference bottom field. The simplest case illustrated in Figure 7-6 shall be psed when
predicting|the first picture of a coded frame of.when using field prediction within a frame picture. In these cages the two
reference fields are part of the same reconsttucted frame.
NOTE [l — The reference fields may themselves have been reconstructed from two field-pictures or a single frame pictufe.
NOTE P — In the case of predicting 4 field picture, the field being predicted may be either the top field or the bottom figld.

Top
reference
field

Bottom
reference |

N | ——
Possible
intervening
B-pictures
(not yet decoded)

H.262(12)_F7-6

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 7-7 — Prediction of the second field-picture when it isthe bottom field
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Figure 7-8 — Prediction of the second fieldépicture when it isthetop field

Field predjction in B-pictures shall be made from the two fields'of the two most recently reconstructed reference frames.
Figure 7-9 illustrates this situation.
NOTE p — The reference frames may themselves have beenreconstructed from two coded field-pictures or a single doded frame

picture,
Top Top
reference reference
field field
Bottom Bottom
reference reference
field field

Possible Possible H.262(12)_{7-9
intervening intervening
B-pictures B-pictures
(already decoded) (not yet decoded)

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

7.6.22 Frame prediction

In P-pictures prediction shall be made from the most recently reconstructed reference frame. This is illustrated in
Figure 7-10.
NOTE 1 — The reference frame may itself have been coded as two field pictures or a single frame picture.
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Figure 7-10 — Frame prediction for |-pictures and P-pictures

Similarly frame prediction in B-pictures shall be made from the two most recently reconstructed reference frames as

illustrated

in Figure 7-11.

NOTE 2 la i} £ £ 4lo 1 1ol 1 dad adl 4 £ald s M 1ot M
- e rene eI am e s tTIIemMSCrvesmMayCatiave oo cotaCtas Tt twoTrera pretares-ora—smgreramepig

C) o
Reference | | I I Reference
frame J | i ' i frame
U G R

7.6.3

Motion v¢
of bits req
predictors
vector'[r][
motion ve
defined in

H.262(12)_F7

Possible Possible
intervening interv@nidg
B-pictures Bipigtures
(already decoded) (notyet decoded)

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

M otion vectors

ctors are coded differentially with respect to previously decoded motion vectors in order to reduce t|
uired to represent them. In order to decode the motion vectors the decoder shall maintain four mo
(each with a horizontal and vertical componenf)-denoted PMV[r][s][t]. For each prediction, a mot
1[t] is first derived. This is then scaled depénding on the sampling structure (4:2:0, 4:2:2 or 4:4:4
ctor, vector[r][s][t], for each colour component. The meanings associated with the dimensions in thi
Table 7-7.

Table 7-7 —Meaning'efiindicesin PMV|r][9][t], vector[r][s][t] and vector'[r][3][t]

0 1
r Ficst'motion vector in Macroblock Second motion vector in Macroblock
] 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.

ture.

ry

he number
ion vector
on vector,

to give a
5 array 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][sI[tD) — 1) * f) + motion_residual[r][s][t] + 1;

The paran
[low:high]
predictor 1

r_size, £, d

motion_cd
the bitstre

r,sandts
vector'[r][

The vecto
prime, thi
vector'[2:3

if (motion_code[r][s][t] < 0)
delta = — delta;

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

bector'[r][s][t] = prediction + delta;
f (vector'[r][s][t] < low )
vector'[r][s][t] = vector'[r][s][t] + range;
f (vector'[r][s][t] > high)
vector'[r][s][t] = vector'[r][s][t] — range;

f ( (mv_format == "field") && (t==1) && (picture_strueture == "Frame picture") )
PMV[r][s][t] = vector'[r][s][t] * 2;

plse
PMV[r][s][t] = vector'[r][s][t];

. In addition the reconstructed motion\vector, vector'[r][s][t], and the updated value of the mo
MV[r][s][t], shall also lie in the range)[low : high].

de[r][s][t] and motion_residwal[r][s][t] are fields recovered from the bitstream. mv_format is recoy
m using Tables 6-17 and 6-18.

pecify the particular'motion vector component being processed as identified in Table 7-7.
1[t] is the final.reconstructed motion vector for the luminance component of the macroblock.

'[r][s][t] ¥alue considered in this subclause is the one obtained from the pseudo code above. In ca
restriction that vector'[r][s][t] shall be in the range [low:high] does not apply to the scaled moti
1[01[Q:1] defined in 7.6.3.6. Other restrictions on motion vectors, including scaled dual-prime moti

are specifi

eters in the bitstream shall be such that thereconstructed differential motion vector, delta, shall lie i:I: the range

jon vector

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

ered from

be of dual-
bn vectors
on vectors

ed\in7.6.3.8 and 8.3.

7.6.3.2 Motion vector restrictions

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

7.6.3.3 Updating motion vector predictors

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

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)

The motign vector predictors shall be updated as specified in Table 7-9 and, 710" The rules for updating motion vector
predictors|in the case of skipped macroblocks are specified in 7.6.6.
NOTE ¢t It is possible for an implementation to optimise the updating (and resetting) of motion vector predictors deperiding on the
picture type. For example in a P-picture the predictors for backwards motienvectors are unused and need not be maintgined.
Table 7-9 — Updating of motion vector predictorsin frame pictures
frame _motion_- macr oblock_motion_- macraoblock_-
type forward backward intra Predictors to Update
Franje-based?® - - 1 PMV[1][0][1:0] = PMV[0][0][1:0]®)
Franje-based 1 1 0 PMV[1][0][1:0] = PMV[0][0][1:0]
PMVI1][1][1:0] = PMV[0][1][1:0]
Franje-based 1 0 0 PMVI1][0][1:0] = PMV[0][0][1:0]
Franje-based 0 1 0 PMV[1][1][1:0] = PMV[0][1][1:0]
Franje-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 PMVI1][0][1:0] = PMV[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] = PMVI[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] = PMVI[O0][1][1:0]
Field-based? 0 0 0 PMV[r][s][t] = 09
16 x 8 MC. 1 1 0 (MNone)
16 x[8 MC 1 0 0 (None)
16 x|8 MC 0 1 0 (None)
Dual|prime 1 0 0 PMV[1][0][1:0] = PMV[0][0][ 1+0]
a) frame_motion_type is not present in the bitstream but is assumed to be Field-based.
b) If concealment_motion_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]

7.6.34 Resetting motion vector predictors

All motiof]
4
4
4

7.6.35 Prediction in P-pictures

In P-pictutes, in the case that macrobleck motion forward is zero and macroblock intra is also zero no moti
are encodgd for the macroblock yét.a prediction must be formed. If this occurs in a P-field picture the following

If this occirsiifva P-frame picture the following apply:

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

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

In a P-picture when a macroblogkyis skipped.

the prediction-type shall be "Field-based";
the (field) motion vector shall be zero (0;0);
the metion vector predictors shall be reset to zero;

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

ZEro.

on vectors
 apply;

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

the motion vector predictors shall be reset to zero.

In the case 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

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

Dual prime prediction shall not be used.

zero and

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

predicted shall not be used.
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 one of
the values -1, 0, + 1.

m[parity fef][parity pred] is the field distance between the predicted field and the reference field as.flefined in
Table 7-1]. "parity ref" is the parity of the reference field for which the new motion vector is being icomputed.
"parity prpd" is the parity of the field that shall be predicted.

Derived vectors
1 X O .

&)

dmv

-
3 _~ 250

35”7 3 X
4 350
450 4 X

450 O

Top Bottom Top Bottom

- Field vector
from bitstream

O/,/0 O

Referenoe 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]
pieture—structure top—fretd—first miol mioii
11 (Frame) 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:
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];

In the cas]t of field pictures only one such motion vector is required and here r = 2. Thus, the (encoded) mo
used for the same parity prediction is vector'[0][0][1:0] and the motion vector used for the opposite parity, p1

vector'[2]]]

In the ca
(vector'[0]
prediction

7.6.3.7

The motio

For each o

7.6.3.8

It is a req

actually e:[coded in a feference frame or reference field. This rule applies even for skipped macroblocks and m

in P-pictu
NOTE
levels g

0][1:0].

e of frame pictures two such motion vectors are required. Both fields use the encoded mot
[0][1:0]) for predictions of the same parity. The top field shall use vector'[2][0]fI%0] for oppo
and the bottom field shall use vector'[3][0][1:0] for opposite parity prediction.

M otion vectorsfor chrominance components

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

ector[r][s][t] = vector'[r][s][t] (for all r, s and t)

f the two chrominance components the motion vectors shall be sealed as follows:

1:2:0 Both the horizontal and vertical components of theniotion vector are scaled by dividing by
vector[r][s][0] = vector'[r][s][0] / 2;

vector[r][s][1] = vector'[r][s][1] / 2;

1:2:2 The horizontal component of the motioft vector is scaled by dividing by two, the vertical
is not altered:

vector|[r][s][0] = vector'[r][s]{0] / 2;
vector[r][s][1] = vector|r][s][1];
1:4:4 The motion vector is unmodified:
vector[r][s][0f=vector'[r][s][0];
vector[r][s][1] = vector'[r][s][1];

Bemantic restrictions/concer ning predictions

es in which)a zero motion vector is assumed (as explained in 7.6.3.5).

- As explained in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. However, in m|
f défined profiles the "restricted slice structure” is used in which case the slices do cover the entire picture. In 4

ion vector
ediction is

on vector
site parity

—+

WO:

omponent

nirement on the\bitstream that it shall only demand of a decoder that predictions shall be made from slices

hcroblocks

hny defined
his case the

semant

c rulé may be more simply stated: "it is a restriction on the bitstream that reconstructed motion vectors shall

not refer to

samples outside the boundary of the coded picture."

7.6.3.9 Concealment motion vectors

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

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

e 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 I

ost or corrupted. As a result the following semantic rules are appropriate:

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

frame or reference field.

a decoder

764

Prediction|
reading th

A positive
the referen

A positive
reference

All motiof
samples W
calculated

In the cas
prediction
prediction
motion_vg

If motion |
If motion |

For each
formed as

Then for

P For all macroblocks in the bottom row ol macroblocks the reconstructed concealment motion v
not be used. Therefore the motion vector (0;0) may be used to reduce unnecessary overhead:

-orming predictions

5 are formed by reading prediction samples from the reference fields or frames. A givensample is pi
p corresponding sample in the reference field or frame offset by the motion vector.

value of the horizontal component of a motion vector indicates that the prediction is made from s
ce field/frame) that lie to the right of the samples being predicted.

value of the vertical component of a motion vector indicates that the prediction is made from samyj
ield/frame) that lie below the samples being predicted.

| vectors are specified to an accuracy of one half sample. Thus, ifia component of the motion vector
ill be read from mid-way between the actual samples in the reference field/frame. These half-sg
by simple linear interpolation from the actual samples.

p of field-based predictions it is necessary to determine which of the two available fields to use t
In the case of dual-prime this is specified in that\a motion vector is derived for both of the fi
is formed from each. In the case of fieldzbased prediction and 16 x 8 MC an addi

rtical field select, is encoded to indicate which'field to use.

vertical field select is zero, then the prediction is taken from the top reference field.
vertical field select is one, then the prediction is taken from the bottom reference field.

prediction block the integer sampleé motion vectors int vec[t] and the half sample flags half flag]]
follows;

for (t=0; t< 2; t++) {
int_vec[t] = vecterr][s][t] DIV 2;
if ((vector[r][s][t}- (2 * int_vec[t]) !=0)
half_flag[t] = 1;
else
half flag[t] =0;

ach(sample in the prediction block the samples are read and the half sample prediction applied as fol

ectors will

edicted by

amples (in

les (in the

is odd, the
mples are

form the
blds and a
lional bit,

t] shall be

OWS;

if ((! half flag[0] )&& (! half flag[1]))
pel pred[y][x] = pel refly + int_vec[1]][x + int_vec[0]];

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] +
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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_ macro-
motion_ macr oblock_motion_- block_-
type forward backward intra Motion vector Prediction formeéd for

Field-bgdsed® - - 1 vector'[0][0][1:0]Y) None (motion vector is for concdalment)

Field-bdsed 1 1 0 vector'[0][0][1:0] Whole field;torward
vector'[0][1][1:0] WholeAield; backward

Field-bdsed 1 0 0 vector'[0][0][1:0] Whble field, forward

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

Field-bgsed® 0 0 0 vector'[0][0][1:01: DN Whole field, forward

16 x 8 MC 1 1 0 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1]{0][1:0] Lower 16 x 8 field, forward
vectorfQ][1][1:0] Upper 16 x 8 field, backward
vecter'[1][1][1:0] Lower 16 x 8 field, backward

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

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

Dual prime 1 0 0 vector'[0][0][1:0] Whole field, from same parity, forward
vector'[2][0][1:019®) | Whole field, from opposite| parity,

forward

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

b The motion vectorfs only present if concealment_motion_vectorsis one.

D) These motion ¥ectors are not present in the bitstream.

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

°) Thesé 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 hitstream
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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

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

Frame-pased® o o o veTtoT OO 19— Frameforward

Field-bdsed 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,ackward

Field-bdsed 1 0 0 vector'[0][0][1:0] Top field,Morward
vector'[1][0][1:0] Bottem field, forward

Field-bgsed 0 1 0 vector'[0][1][1:0] Top-field, backward
vector'[1][1][1:0] Bottom field, backward

Dual prime 1 0 0 vector'[0][0][1:0] Top field, from same parity, forward
vector'[0][0JF10] Bottom field, from same parity, forward
vector'[2J[0][1:0]19¢ | Top field, from opposite parity, forward
vector[3][0][1:0]99® | Bottom field, from opposite| parity,

forward

a) flame_motion_type is not present in the bitstream batis assumed to be Frame-based.

Y The motion vector is only present if concealment.motion_vectorsis one.

D) These motion vectors are not present in the bitstream.

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

°) These motion vectors are derivedfrom vector'[0][0][1:0] as described in 7.6.3.6.

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

7.6.6 Bkipped macroblocks

A skipped|macroblocktis a macroblock for which no data is encoded, that is part of a coded slice. Except at thg start of a
slice, if the number-(macroblock address - previous macroblock address - 1) is larger than zero, then this number
indicates the, iumber of macroblocks that have been skipped. The decoder shall form a prediction for skipped
macrobloolks which shall then be used as the final decoded sample values.

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

There shall be no skipped macroblocks in I-pictures except when either:
—  picture_spatial scalable extension() follows the picture header() of the current picture; or

— sequence_scalable extension() is present in the bitstream and scalable mode = "SNR scalability".

7.6.6.1 Pfield 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;

macroblock;

e motion vector predictors are unaffected;

7.6.6.4

7.6.7
The final s

Itis also n
directly to|

The transf]

76.7.1

In the cas
backward
pel pred
]

The predi
8 samples

7.6.7.2

In the casg

the direction of the prediction forward/backward/bi-directional shall be the same as the previous

for colour components shall be performed as described in 7.6.3.7.

B frame picture

b the prediction shall be made as if frame _motion_type is "Frame-based";

macroblock;
b motion vector predictors are unaffected;

b the motion vectors are taken directly from the appropriate motion-vector predictors. Scaling of
vectors for colour components shall be performed as described in-7:6.3.7.

Combining predictions
tage is to combine the various predictions together in ordef to form the final prediction blocks.

ecessary to organize the data into blocks that are eitheinfield organized or frame organized in order t
the decoded coefficients.

brm data is either field organized or frame organized as specified by dct_type.

Simple frame predictions

bel pred[y][x] = (pel pred ferward[y][x] + pel pred backward[y][x])//2

by 16 lines and 16-samples by 16 lines respectively.
bimple field predictions

b the motion vectors are taken from the appropriate motion vector predictors. Scaling of the metion vectors

b the direction of the prediction forward/backward/bi-directional shall bethé same as thg previous

he motion

b be added

e of simple frame predictions the only further processing that may be required is to average forward and
predictions in B-pictures. If pel pred forward[y][x] is the forwards prediction sample and
backward[y][x] is the corresponding backward prediction, then the final prediction sample shall be farmed as:

tions for chrominance-components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8 lines,

of simple field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may he required

is to avegage forward and backward predictions in B-pictures. This shall be performed as specified fpr "Frame

prediction

5" i the previous subclause.

In the cas

€ oI simpl€ Ticld preédiction m a Irame picCture the predictions 10r chrominance components o1 4

:2:0, 4:2:2

and 4:4:4 formats for each field shall be of size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines
respectively.

In the case of simple field prediction in a field picture the predictions for chrominance components of 4:2:0, 4:2:2
and 4:4:4 formats for each field shall be of size 8 samples by 8 lines, 8 samples by 16 lines and 16 samples by 16 lines
respectively.

7.6.7.3 16 x 8 Motion compensation

In this prediction mode separate predictions are formed for the upper 16 X 8 region of the macroblock and the lower
16 x 8 region of the macroblock.

The predictions for chrominance components, for each 16 x 8 region, of 4:2:0, 4:2:2 and 4:4:4 formats shall be of
size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines respectively.
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7.6.7.4 Dual prime

In dual prime mode two predictions are formed for each field in an analogous manner to the backward and forward
predictions in B-pictures. If pel pred same parity[y][x] is the prediction sample from the same parity field and
pel _pred opposite parity[y][x] is the corresponding sample from the opposite parity field then the final prediction
sample shall be formed as:

pel_pred[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 8 lines, 8 samples by 16 lines and 16 samples by 16 lines respectively.

7.6.8 dding prediction and coefficient data

The predigtion blocks have been formed and reorganized into blocks of prediction samples p[y][x] #hich |match the
field/fram¢ structure used by the transform data blocks.

The transform data f[y][x] shall be added to the prediction data and saturated to form the final decoded samples d[y][x]
as follows|

or (y =0; y <8; y++) {
for (x =0; x < 8; x++) {
dly][x] = flyl[x] + p[y][x];
if (d[y][x] < 0) d[y][x] = 0;
if (d[y][x] > 255) d[y][x] = 255;

1.7 Spatial scalability
This subclpuse specifies the additional decoding process required for the spatial scalable extensions.
Both the lpwer layer and the enhancement layer shall uséthe "restricted slice structure” (no gaps between slices).

Figure 7-1]3 is a diagram of the video decoding process'with spatial scalability. The diagram is simplified for clarity.

7.7.1 Higher syntactic structures

In general, the base layer of a spatial scalable hierarchy can conform to any coding standard including Recommen-
dation ITY-T H.261, ISO/IEC 11172=2vand this Specification. Note however, that within this Specififation the
decodability of a spatial scalable hierarchy is only considered in the case that the base layer conforms to this
Specificatjon or ISO/IEC 11172-2.

Due to thd "loose coupling"(ot tayers only one syntactic restriction is needed in the enhancement layer if both|lower and
enhancemgnt layer are interlaced. In that case picture structure has to take the same value as in the reference frame used
for predicfion from the’lower layer. See 7.7.3.1 for how to identify this reference frame.

7.7.2 Predictionin the enhancement layer

A motion pofapehsated temporal prediction is made from reference frames in the enhancement layer as descriped in 7.6.
In addition,a spatial prpdir'ﬁr\n is formed from the lower ]a) er decaoded frame (AIUWCI[\/][Y])’ as described in 717.3. These

predictions are selected individually or combined to form the actual prediction.

In general, up to four separate predictions are formed for each macroblock which are combined together to form the final
prediction macroblock p[y][x].

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

plyllx].
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Figure 7-13'— Simplified motion compensation process for spatial scalability
7.7.3 -or mation ofsspatial prediction
Forming the spatidl prediction requires identification of the correct reference frame and definition of the spatial
resampling process;*which is done in the following subclauses.
The resampling’process is defined for a whole frame, however, for decoding of a macroblock, only the 16 X 16 region in
the upsampted frame, which corresponds 10 e position of this Macrobiock, 15 needed.

7.7.3.1 Selection of reference frame

the

The spatial prediction is made from the reconstructed frame of the lower layer referenced by
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_factorn/

- 1 1 1 -
vertcal_suo-sampime_tactqr

lower_layer prediction_horizontal offset

»
lower_layer prediction_vertical _offset Current picture
v \
50 1
lowgr layer prediction vertical size -’——_' N
Unsampled, lower-layer picture
. p(. A b v
v Lower-layer picture
< > PAW, > H.262(12)_F7-1
lower_layer_prediction_horizontal_size logver “layer prediction_horizontal_size *

horizontal _sub-sampling_factor n /
horizontal_sub-sampling_factor_m

Figure 7-14 — Formation of the " spatial" prediction by inter polation of the lower-layer picture

Spatial pr¢dictions shall only be made for macroblocks in the enhancement layer that lie wholly within the pipsampled
lower laygr reconstructed frame.

The upsagpling process depends on whether the lower layer reconstructed frame is interlaced or progfessive, as
indicated py lower layer progressive~frame and whether the enhancement layer frame is interlaced or progessive, as
indicated by progressive frame.

When lower layer progressive~ftame is 'l', the lower layer reconstructed frame (renamed to prog_pic) is [resampled
vertically fps described in 7:7.34. The resulting frame is considered to be progressive if progressive framg is 'l1' and
interlaced| if progressivéframe is '0'. The resulting frame is resampled horizontally as described in 7.7.3.6.
lower layer deinterlaced:field select shall have the value '1".

When lower layer progressive frame is '0' and progressive frame is '0', each lower layer reconstructgd field is
deinterlac¢d as"described in 7.7.3.4, to produce a progressive field (prog pic). This field is resampled vqrtically as
described [in<7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is

namtarlonad 1A 1asuar lovar daotntarlanad £o1d calaot choll bovo tha ol g 110

d 4t e ing o a
subsampled-te-preduce-aninterlaced-fieldJowertayer—deinterlaced—field—seleet shal-have-the-value -

When lower layer progressive frame is '0' and progressive frame is 'l', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fields is required. When
lower layer deinterlaced field select is '0' the top field is used, otherwise the bottom field is used. The one that is used
is resampled vertically as described in 7.7.3.5. The resulting frame is resampled horizontally as described in 7.7.3.6.

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

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

7.7.3.3 olour component processing
Due to thq different sampling grids of luminance and chrominance components, some variables used'in 7.7.3.4 to 7.7.3.6
take diffefent values for luminance and chrominance resampling. Furthermore it is permissible’ for the chrominance
formats in|the lower layer and the enhancement layer to be different from one another.
Table 7-1¢ defines the values for the variables used in 7.7.3.4 to 7.7.3.6
Table 7-16 — Local variablesused in 7.7.3:310 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]
Il 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 horizontal \subsampling_factor n horizontal subsampling_factor n
* format_ratio_horizontal
v_subs m vértical _subsampling_factor m vertical_subsampling_factor m
v_subs_n vertical_subsampling factor n vertical_subsampling_factor n
* format_ratio_vertical
Tables 7-17 and7-18 give additional definitions.
Table 7-17 — chrominance subsampling ratios for layer = {lower, enhance}
Chrominance format chroma_ratio chroma_ratio
lower layer horizontal[layer] vertical[layer]
4:2:0 2 2
4:2:2 2 1
4:4:4 1 1
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Table 7-18 — Chrominance for mat ratios

7734

If deinter]
renamed t

First, each
lower layg
filters to
picture st
using the

Chrominance format Chrominance format format_ratio format_ratio
lower layer enhancement layer horizontal vertical
4:2:0 4:2:0 1 1
4:2:0 4:2:2 1 2
4:2:0 4:4:4 2 2
4:2:2 4:2:2 1 1
4:2:2 4:4:4 2 1
4:4:4 4:4:4 1 1
Deinterlacing

heing needs not to be done (according to Table 7-16), the lower layer reconstructed frarhe (dq,
input_pic.

lower layer field is padded with zeros to form a progressive grid at a frame rate equal to the field

r, and with the same number of lines and samples per line as the lower layer frame. Table 7-19 sp
be applied next. The luminance component is filtered using the releyant “two field apertur
ucture == "Frame-picture" or else using the one field aperture filter. The’chrominance component
ne field aperture filter.

Table 7-19 — Deinter lacing/Filter

YD) is

rate of the
ecifies the
e filter if
is filtered

Two field aperture One field aperture

Temporal Vertical Filter for first field Filter for second field Filter (both fields)
-1 -2 0 -1 0
-1 0 0 2 0
-1 2 0 -1 0
0 -1 8 8 8
0 0 16 16 16
0 1 8 8 8
1 -2 -1 0 0
1 0 2 0 0
1 +2 -1 0 0

The tempd
which the
coefficien

ral and wertical columns of Table 7-19 indicate the relative spatial and temporal coordinates of the
filter taps defined in the other two columns apply. An intermediate sum is formed by adding the
s.fogether.

samples to
multiplied

The output of the filter (sum) is then scaled according to the following formula:

prog_pic[y][x] =sum // 16

and saturated to lie in the range [0:255].

The filter aperture can extend outside the coded picture size. In this case the samples of the lines outside the active
picture shall take the value of the closest neighbouring existing sample (below or above) of the same field as defined

below.
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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 &&
((y-1lv_size)&1 ==0))

y=1l v size—2

7.735 VYertical resampling

The framg subject to vertical resampling, prog_pic, is resampled to the enhancement layer vertical sampling |grid using
linear intefpolation between the sample sites according to the following formula, where vert pic.is_the resulting field:

vert_pic[yn +11_v_offset][x] = (16 — phase) * prog_pic[y1][x] + phase % prog pic[y2][x]

where
L+ 11 v offset = output sample co-ordinate in vert pic
1 = (yp*v_subs m)/v_subs n
72 = yl+1 ifyl<ll v size—1
yl otherwise
phase = (16 * ((yp * v_subs_m) % v_subs_n))./AvV subs n

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension pf the lower layer reconstructed frame.
NOTE } The calculation of phase assumes that the sample position in the enhancement layer at y;, = 0 is spatially coirjcident with

the firsf sample position of the lower layer. It is recognised that this is an approximation for the chrominance comppnent if the
chroma] format == 4:2:0.

7.7.3.6 Horizontal resampling

The framq subject to horizontal resampling, vert pic, is resampled to the enhancement layer horizontal sanjpling grid
using linefir interpolation betweefinthe sample sites according to the following formula, where hor pic is the resulting
field:

=

br_pic[y][xnh U -h offset] = ((16 — phase) * vert pic[y][x1]+ phase * vert pic[y][x2]) // 246

where

kh+10_h “offset

output sample coordinate in hor_pic

1 = (x*h subs m)/h subs n
x2 = xl+1 ifxl <l 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
even 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.

7.7.4 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;

—  Class 2 indicates that the top field is spatial-only prediction;

In intra p
is spatial-
temporal-
weights is

The possi
extension.
interlaced

+  Class 3 indicates that the bottom field is spatial-only prediction;

+  Class 4 indicates spatial-only prediction.

ctures, if spatial temporal weight class is 0, normal intra coding is performed; otheriise, the
nly. In predicted and interpolated pictures, if the spatial temporal weight classy is 0, prd
nly, if the spatial temporal weight class is 4, prediction is spatial-only; otherwise;one or a pair of]
used to combine the spatial and temporal predictions.

ble spatial temporal weights are given in a weight table which is selected)in the picture spati
Up to four different weight tables are available for use depending on whether the current and lower
or progressive, as indicated in Table 7-20 (allowed, yet not recommended; values given in brackets).

Table 7-20 — Intended (allowed) spatial_temporal véight_code table index values

prediction
diction is
prediction

1l scalable
layers are

Lower layer format Enhan;srr?ne;t layer g;glelf,:a—;ﬁrerlﬂ? ézlx_wei ght}
Brogressive 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)
bpttom fields
Interlaced (picture_structure == Frame-picture) Interlaced 00 or 11 (01; 10)
Ipterlaced (picture_structure != Erame-picture) Interlaced 00

In macrob
(or fram|
spatial_ter

lock modes(), a two_bit code, spatial temporal weight code, is used to describe the prediction for|
), as shown “in  Table 7-21. In this table spatial temporal integer weight identif]
nporal weightieodes that can also be used with dual prime prediction (see Tables 7-22, 7-23).

each field
es 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

NOTE

When the
the top fie
field whic

When the
which is d

The precis

pel pred
pel pred|y
appropriat

If the spat

If the spat

spatial_temporal _ spatial_ spatial_ spatial_ spatial_
weight_code table temporal_ temporal_ temporal_ temporal_
index weight_code weight (s) weight class integer_weight
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 1
01 (1;0,5) 2 0
10 0,5;1) 3 0
11 (0,5; 0,5) 1 0
a) For spatial temporal _weight code table index == 00 no spatial(temporal weight code is trans-
mitted.

- Spatial-only prediction (weight class == 4) is signalled by different values of macroblock_type (see Tables B

spatial temporal weight combination is given in the form (a; b), "a" gives the proportion of the pre
Id which is derived from the spatial prediction and“'b" gives the proportion of the prediction for {

1 is derived from the spatial prediction for that field.

spatial temporal weight is given in the fetrm (a), "a" gives the proportion of the prediction for
erived from the spatial prediction for that\picture.

e method for predictor calculation is.as follows:

emp(y][x] is used to denotethe’temporal prediction (formed within the enhancement layer) as ¢
1[x] in 7.6. pel_pred_spat[y][x] is used to denote the prediction formed from the lower layer by ext
e samples, co-located with the current macroblock position, from spat pred_pic.

al temporal weight is)zero, then no prediction is made from the lower layer. Therefore:

pel_pred[y][x] = pel_pred_temp[y][x];

al temperal weight is one, then no prediction is made from the enhancement layer. Therefore:

pel_pred[y][x] = pel_pred_spat[y][x];

5 to B.7).

diction for

he bottom

he picture

efined for
racting the

If the weight is one half then the prediction is the average of the temporal and spatial predictions. Therefore:

pel_pred[y][x] = (pel_pred temp[y][x] + pel_pred_spat[y][x])//2;

When progressive frame == 0 chrominance is treated as interlaced, that is, the first weight is used for the top field

chrominance lines and the second weight is used for the bottom field chrominance lines.

Addition of prediction and coefficient data is then done as in 7.6.8.

7.75 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

Fielfl-based? - =11 0 PMV[1][0][1:0] = PMV[0][0][1:0]®
FielH-based 1l1]0 0 PMV[1][0][1:0] = PMV[0][0][1:0]

PMV[1][1][1:0] = PMV[0][1][1:0]
Fielfl-based 1]1ofo 0,1 PMV[1][0][1:0] = PMV[0][0][1:0]
FielH-based o|11]o0 0,1 PMV[1][1][1:0] = PMV[0][1][1:0]
Fielfl-based® olofo 0,1,4 PMV[r][s][t] = 09
16 4 8 MC 1|10 0 (None)
16 4 8 MC 10O 0,1 (None)
16 3 8 MC ol1]o0 0,1 (None)
Dual prime 1]1ofo 0 PMV[1][0][1:0] =RMV[0][0][1:0]

2) field_motion_type is not present in the bitstream butis 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).
°) 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] and PMVI[r][s][0] = PMV[u][v][0]

7751 Resetting motion vecton predictors

In addition to the cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:
b In a P-picture when a macroblock is purely spatially predicted (spatial temporal weight class 4= 4)

b In a B-picture when a macroblock is purely spatially predicted (spatial temporal weight class 5= 4)

NOTE — In case of spatial temporal weight class == 2 in a frame picture when field-based prediction|is used, the
transmitted vector is applied for the bottom field (see Table 7-25). However this vector[0][s][1:0] |s 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

because of

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 1{1]o0 0 PMV[1][0][1:0] = PMV[0][0][1:0]
PMV[1][1][1:0] = PMV[0][1][1:0]
Frathe-based 1lolo]l o123 [P™MV[1][0][1:0]=PMV[0][0][1:0]
Frathe-based o110 0123 |[PMV[I][1][1:0]=PMV[0][1][1:0]
Frahe-based® | 0 | 0 | 0 | 0,1,2,3,4 | PMV[r][s][t] = 0D
Fielf-based 11110 0 (None)
Fielfl-based 1 {00 0,1 (None)
Fielll-based 1]o]o 2 PMV[1][0][1:0] = PMV[0][0][1:0]
Fielll-based 1{ofo 3 PMV[1][0][1:0] = PMV[0][0][1:0]
Fielfl-based oO|11]0 0,1 (None)
Fielll-based ol1]o0 2 PMV[1][1][1:0] = PMV[0][1]{1}0]
Fielll-based ol1]o0 3 PMV[1][1][1:0] = PMV[0][ 1{1:0]
Dual prime? 1{ofo 02,3 | PMV[1][0][1:0] = PMV[0][0][1:0]
a) frame_motion_type is not present in the bitstream but isassumed 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 1, s and t)¢S¢e 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] and PMV[t][s][0] = PMV[u][v][0]
In I-picturps, skipped macroblocks:are allowed. These are defined as spatial-only predicted.
In P-pictufes and B-picturessthe’skipped macroblock is temporal-only predicted.
In B-pictufes a skipped macroblock shall not follow a spatial-only predicted macroblock.
777 VBV buffer) underflow in the lower layer
In the case ofspatial scalability, VBV buffer underflow in the lower layer may cause problems. This is }
possible upeeftdinty in precisely which frames will be repeated by a particular decoder.

7.8 SNR scalability
See Figure 7-15.

This clause describes the additional decoding process required for the SNR scalable extensions.

SNR scalability defines a mechanism to refine the DCT coefficients encoded in another (lower) layer of a scalable
hierarchy. As illustrated in Figure 7-15, data from two bitstreams is combined after the inverse 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 11110 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 01110 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
14 x 8 MC 11110 0 vector'[0][0][1:0] Upper 16 x 8 field, forwand
vector'[1][0][1:0] Lower 16 x 8 fieldy-forward
vector'[0][1][1:0] Upper 16 x 8-field, backward
vector'[1][1][1:0] Lower 16X 8 field, backward
14 x 8 MC 1100 0,1 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward
1¢ 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
Dpal prime 1 {00 0 vector'[0][0][1:0] Whole field, same parity, forward
vector'[2][Q][1:0]9 © Whole field, opposite parity, forward
a) field_motion_type is not present in the bitstream'but is assumed to be Field-based.
b) The motion vector is only present if concealment_motion_vectorsis one.
©) These motion vectors are not present-in the bitstream.
9 The motion vector is taken to be,(0; 0) as explained in 7.6.3.5.
©) These motion vectors are derived from vector'[0][0][1:0] as described in 7.6.3.6.
NPTE — Motion vectors are listed in the order they appear in the bitstream.

Subclause
follows.

The lower
scalability)|

7.8.1 defines hew to identify these bitstreams in a scalable hierarchy; however, they can be cl

layer,.derived from the first bitstream, can itself be either non-scalable, or require the spatial o
decading process (and hence the decoding of additional bitstreams) to be applied.

The enha

hssified as

I temporal

d a small

overhead. The decoding process for this layer and the combination of the two layers are described in this subclause.

NOTE - All information regarding prediction is contained in the lower layer bitstream only. Therefore it is not possible to
reconstruct an enhancement layer without decoding the lower layer bitstream data in parallel.

Furthermore prediction and reconstruction of the pictures as described in 7.6, 7.7 and 7.9 for the combined lower and
enhancement layer is identical to the respective steps for decoding of the lower layer bitstream only.

Semantics and decoding process described in this subclause include a mechanism for "chroma simulcast". This may be
used (for instance) to enhance 4:2:0 in the lower layer to 4:2:2 after processing the enhancement layer data. While the
luminance data is processed as described before, in this case the chrominance information retrieved from the lower layer
bitstream (with exception of intra-DC values, see 7.8.3.4) shall be discarded and replaced by the new information with
higher chrominance resolution decoded from the enhancement layer.
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Table 7-25 — Predictions and 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 11110 0 vector'[0][0][1:0] Frame, forward
vector'[0][1][1:0] Frame, backward
Fllame-based 1100 0,1,2,3 vector'[0][0][1:0] Frame, forward
Fllame-based 01110 0,1,2,3 vector'[0][1][1:0] Frame, backward
Ffame-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, baekward
vector'[1][1][1:0] Bottom fields backward
Field-based 1100 0,1 vector'[0][0][1:0] Top.field, forward
vector'[1][0][1:0] Botfom 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][1:0] Top field, forward
Bottom field, spatial
Field-based 0110 0,1 vector'f0][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
Dhal prime? 1| o~f0 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.
Y] “'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.

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


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

ISO/IEC 13818-2:2013 (E)

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] F~lower[v][u]
Variable Inverse
Codpd ] length » Inverse scan » quantization
datp decoding arithmetic

Hower layer

Hnhancement layer QFSn] QF[v][u]
] Variable Tverse
Codpd ] length p Inverse scan dquantization
dath decoding afithmetic
F""enhance[v][u]
Framestore memory
F[v][u] F [v][u]
\ 4 4
s . Mismatch o Motion . Decoded
paturation control Inverse DCT compensation »  samples
H.262(12) [F7-15
fy][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.
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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 chronla_format of the enhancement layer shall be higher or equal to the chroma_format of the lower layep

In the ¢
sequence |

decoding process.

]

The seque]
Sequence)

This exten

Sequencescalable extension

This extension shall be present with scalable mode = "SNR scalability".

GOP heagler

This headg¢r shall be identical to the one in the lower layer bitstream.
NOTE [l — The GOP header must be present in each layer in order that the temporal reference in each layer are reset
frame.

Picture h¢ader

This headpr<shall be identical to the one in the lower layer bitstream except for the value of vbv_delay. T

nse that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not This“Spe
extension() is not present in the lower layer bitstream, and the following values shall be assum

hrogressive sequence =1

hroma_format = "4:2:0"

norizontal size extension = 0

bertical_size extension =0

it rate extension =0

'bv_buffer size extension = 0

ow_delay =0

fame rate extension n =0

rame_rate extension d =0

hce extension() in the enhancement layer shall\have the values shown above.

display extension

sion shall not be present as there is n0'separate display process for the enhancement layer.

bitstream.

cification),
ed for the

n the same

his can be

selected in

dependently.

Picture coding extension

This extension shall be identical to the one in the lower layer bitstream except for the value of q_scale type and
alternate scan. These can be selected independently.

chroma 420 type shall be set to '0' if chroma_simulcast is set. Else, it shall have the same value as in the lower layer

bitstream.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then
picture_coding_extension() is not present in the lower layer bitstream and the following values shall be assumed for the
decoding process:

f code[0][0]
f code[0][1]

104

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
omposite_display_flag =0

The picture_coding_extension() in the enhancement layer shall have the values shown above.

For the loyer layer q_scale type and alternate_scan shall be assumed to have the value zero.

NOTE

Quant matrix extension

This exten

load _intra]
NOTE

Picturedi

This exten

NOTE
accomp]

Slice head

Slices shal
the lower

7.8.2

Subsequer
lower layg

The decoding of the macroblockwheader information is done according to semantics in 6.3.17.

NOTE
macrob|
refinen

Howev
combin|

7821

P — q_scale_type and alternate_scan can be set independently in the enhancement layer.

sion is optional. Semantics are described in 6.3.11.

| quantiser matrix and load chroma intra quantiser matrix shall both)be zero.
B — Only the non-intra matrices will be used in the subsequent decoding process.

splay extension

sion shall not be present.

lished already by using the information conveyed by the pan-scan extension of the lower layer bitstream.

er

ayer bitstream.

M acr oblock

tly the "current macroblock,"denotes the currently processed macroblock. The current macrobl
r denotes the macroblock identified by having the same macroblock address as the current macroblo

— Table B.8 which is used if scalable mode = = "SNR scalability" will never set the macro
ock motion_forward or macroblock motion_backward flags, since a macroblock in the enhancement layer ¢
ent data for the current macroblock of the lower layer.

er the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are rele]
ed decoding process of lower and enhancement layer following the inverse DCT as described in 7.8.3.5.

et <type

4 — There is no separate display process for the enhaneeément layer. If pan-scan functionality is desired, it can be

1 be coincident with those in the lower layér. The value of quantiser scale code can be set independently from

ck of the
ck.

block _intra,
ntains only

vant for the

The syntax element dct type may be present in none, one or both of the lower and enhancement layer
macroblock modes(), as indicated by the semantics in 6.3.17.

If dct_type is present in the macroblock modes() in both layers it shall have identical values.

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 specifie

din 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"lower 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.

The resulting F" is further processed, starting with saturation, as defined in 7.4.3 to 7.6 (7.7, 7.9).

7.8.3.1 Variablelength decoding

In an enh
indicated 1

7.8.3.2

Inverse sc

7.8.3.3
In an enha

In the cas
quantizati

(oddificati
7834

Correspon

If chroma |

For chron
the coinci
AC coeffi

NOTE

Table 7-2
coefficien

hincement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra
y macroblock intra = 0).

nver se scan

hn shall be done exactly as defined in 7.3.

nver se quantization

ncement layer block the inverse quantization shall be performed accordingt0.7!4.2 as for a non-intra

e that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not\this Specification), then th
n arithmetic" used to derive F'igwel[VI[u] (see Figure 7-14) shall~include the IDCT mismat

on) and saturation specified in ISO/IEC 11172-2.

\ddition of coefficients from thetwo layers

ding coefficients from the blocks of each layer shall be added together to form F" (see Figure 7-15).
F"[v][u] = F"lower[V][u] + F"enhance[V][u], for all u, v

| simulcast = 1 is set only the luminance blocks are treated as described above.

hinance blocks the DC coefficient of\'the base layer is used as a prediction of the DC coe
lent block in the enhancement lay€s, whereas the AC coefficients of the base layer are disg
ients of the enhancement layer formF" in Figure 7-14 according to the following formulae:

E"[0][0] = F"1ower[0][0] + F"enhance[0][0]

FUW][u] = F'enhance[V][u], for all u, v exceptu=v =0

gives the'index of the chrominance block whose DC coefficient (F"|gwe[0][0]) is to be used to pred
in theseoincident chrominance block of the enhancement layer (F"ennance[01[0]).

- Chroma simulcast blocks are inverse quantized like non-intra blocks and use the chrominance non-intra matriy.

block (as

block.

e "inverse
th control

fficient in
arded and

ict the DC

Table 7-27 — Block index used to predict DC coefficient

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-multiplexed with the lower layer provides full temporal rate. This is the frame rate indicated in the
enhancement layer. The decoding process for enhancement layer pictures is similar to the normal decoding process
described in 7.1 to 7.6. The only difference is in the "Prediction field and frame selection" described in 7.6.2.

The refergnce frames for prediction are selected by reference select code as described in Tables 7-28‘and 7-29. In
P-pictures| the forward reference picture can be one of the following three: most recent enhancement picture, most recent
lower laygr frame, or next lower layer frame in display order. Note that in the latter case, the reference frame in lower
layer used|for prediction is backward in time.

Table 7-28 — Prediction references selection in P-pictures

reference_select_code Forward prediction reference
00 Most recent decoded enhancement picture(s)
01 Most recent lower layer frame in display‘order
10 Next lower layer frame in display‘order
11 Forbidden

Table 7-29 — Prediction r eferences selection in B-pictures

reference_ Forward prediction reference Backward prediction reference
select_
code
0 Forbidden Forbidden
1 Most recent decoded enhancement picture(s) Most recent lower layer picture in displa)
order
0 Most recent,decoded enhancement picture(s) Next lower layer picture in display order
1 Most ftecent lower layer picture in display | Next lower layer picture in display order
ordér

In B-pictyres, the forward reference can be one of the following two: most recent the enhancement picturg¢s or most
recent (or[temporally coincident) lower layer frame whereas the backward reference can be one of the follqwing two:

most recept.lower layer picture including temporally coincident picture in display order or next lower layer frame in
display or&mﬁwmmmmmmmmmw in time.

Backward prediction cannot be made from a picture in the enhancement layer. This avoids the need for frame reordering
in the enhancement layer. Motion compensation process forms predictions using lower layer decoded pictures and/or
previous temporal prediction from the enhancement layer.

The enhancement layer can contain I-pictures, P-pictures or B-pictures, but B-pictures in enhancement layer behave
more like P-pictures in the sense that a decoded B-picture can be used to predict the following P-pictures or B-pictures in
the enhancement layer.

When the most recent frame in the lower layer is used as the reference, this includes the frame that is temporally
coincident with the frame or the first field (in case of field pictures) in the enhancement layer. The prediction references
used for P-picture and B-pictures are shown in Table 7-28 and Table 7-29 respectively.

The lower 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 layer_id = idephance—1-

The syntaf¥and semantics ol enhancement layers are as delined i1 6.2 and 0.3 respectively.

Semantic festrictions apply to several values in the headers and extensions of the enhancement layer as follows|
The lower|layer shall conform to this Specification (and not to ISO/IEC 11172-2).

Sequencelheader

The values in this header can be different from the lower layer except for horizontal size, value, vertical size| value and
aspect_ratjo_information.

Sequencelextension

This extemsion shall be identical to the one in the lower layer except for.values of profile and level |ndication,
bit rate ektension, vbv_buffer size extension, low delay, frame rate extension n and frame rate extension d. These
can be selected independently. Note that progressive sequence indicates the scanning format of the enhancement layer
frames only rather than of the output frames after multiplexing. The latter is indicated by mux_to_progressivg sequence
(see sequence scalable extension).

Sequence|display extension

This extension shall not be present as there is no separate display process for the enhancement layer.
Sequencescalable extension

This extension shall be present with scalable mode'="Temporal scalability".

When propressive sequence = 0 and mux_to \progressive sequence = 0, top_field first and picture_ mux_fadtor can be
selected.

When propressive_sequence = 0 and ‘mux_to_progressive sequence = 1, top_field first shall contain a complement of
the value ¢f top_field first of the lewer layer but picture_ mux_factor shall be 1.

When prpgressive sequenge’.= 1 and mux to progressive sequence = 1, top field first shall be | zero but
picture mpx factor can be selccted.

The combination of pfegressive sequence = 1 and mux_to_progressive_sequence = 0 shall not occur.
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Figur ¢ 7-16 — Simplified-motion compensation processfor the enhancement layer using temporal scalability
GOP heagler
There is ng restrietion on GOP header (if present) to be the same as that for lower layer.
Picture h¢ader

There is no restriction on picture headers to be the same as in the lower layer.

Picture coding extension

The wvalues in this extension

can be

different from

the lower layer

except for top field first,

concealment motion_vectors, and chroma 420 type and progressive frame. The top field first shall be based on
progressive_sequence and mux_to progressive sequence (see sequence scalable extension above) and
concealment motion_vectors shall be 0. Chroma 420 type shall be identical to the lower layer. Progressive frame shall
always have the same value as progressive _sequence.

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
resolved with help of systems layer timing information.

7.10 Data partitioning

Data partitioning is a technique that splits a video bitstream into two layers, called partitions. A priority preakpoint
indicates Which syntax elements are placed in partition 0, which is the base partition (also called high priority|partition).
The remaihder of the bitstream is placed in partition 1 (which is also called low priority partition); Sequence,| GOP, and
picture hdaders are redundantly copied in partition 1 to facilitate error recovery. The sgquence end code is also
redundantly copied into partition 1. All fields in the redundant headers must be identicalpto_the original ones| The only
extensiony allowed (and required) in partition 1 are sequence extension(), /picture coding extensjon() and
sequence [scalable extension().

NOTE t The slice() syntax given in 6.2.4 is followed in both partitions up to (and including) the syntax element extra_bit_slice.

The interpyetation of priority breakpoint is given in Table 7-30.

Table 7-30 — Priority breakpoint values'and 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 160.
1 All data at the sequence;*GOP, picture and slice() down to extra_bit_glice in slice().
2 All data includedvabove, plus macroblock syntax elements up to and including
macroblock .address_increment.
3 All data included above, plus macroblock syntax elements up to but not including]
coded, block pattern().
4...63 Reserved.
64 All syntax elements up to and including coded block pattern() or DC coefficient]
(dct_dc_differential), and the first (run, level) DCT coefficient pair (or EOB). (Note)
65 All syntax elements above, plus up to 2 (run, level) DCT coefficient pairs.
63 +] All syntax elements above, plus up to j (run, level) DCT coefficient pairs.
127 All syntax elements above, plus up to 64 (run, level) DCT coefficient pairs.
NOTE — A priority_breakpoint immediately following the DC coefficient is disallowed since it might cause
start code emulation.

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 Dbitstream that contains the
sequence_scalable extension (partition 0).

If current partition = 0, check to see if the current point in the bitstream is a priority breakpoint.
If yes, set current _partition to 1. Next item will be decoded from partition 1.

Otherwise, continue decoding from partition 0. Remove sequence, GOP, and picture headers from both
partitions.

If current_partition = 1, check the priority breakpoint to see if the next item to be decoded is expected in
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 two paftitions are shown, with arrows indicating how the decoder needs to switch between partitions.

711  Hybrid scalability

Quant DC DCT DCT DCT FOR DC DCT

scale coefl coefl 1 | coeff2 | coeff3 coefl coell' ]

EOB

(D—»| Quant | DC DCT | DC | DCT K¥nition 0

scale coefl coeff | coefl | coefifT
A
€) | T
4 l
DCT DCT

coefr2 | coeff3 EOB EOB Partition |

H262(12) F717

Figure 7-17 — A segmentfrom a bitstream with two partitions,
with priority_breakpoint set to 64 (one (run, level) pair)

Hybrid scglability is the combination of two different types of scalability. The types of scalability that can be|combined

are SNR s
three bitst

calability, spatial scalability and temporal scalability. When two types of scalability are combined, there are
eams that have to bé decoded. The layers to which these bitstreams belong are named in Table 7-31.

Table 7-31 — Names of layers

layer_id Name
0 Base layer
1 Enhancement layer 1
2 Enhancement layer 2

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:

Rec. ITU-T H.262 (02/2012) 111


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

ISO/IEC 13818-2:2013 (E)

Case 1

base layer

<spatial or temporal scalability>

enhancement layer 1

<SNR scalability>

enhancement layer 2

First decode the base layer, and then decode both enhancement layers simultaneously.

Case 2

base layer

<SNR scalability>

First deco

Case 3
|

First deco

7.12

This subcl
to this Spd

The decod

pnhancement layer 1
<spatial or temporal scalability>

bnhancement layer 2

le the base layer and the enhancement layer 1 simultaneously, and then decode the enhancement laysg

base layer

<spatial or temporal scalability>
pnhancement layer 1

<spatial or temporal scalability>

bnhancement layer 2

le the base layer, then decode the enhancement layer 1, dnd finally decode enhancement layer 2.

Dutput of the decoding process

use describes the output of the theoretical model of the decoding process that decodes bitstreams ¢
cification.

ing process input is one or more coded video bitstreams (one for each of the layers). The video

generally multiplexed by means of a system stream that also contains timing information.

The outpu
order in w
the coded
fields or fi
display pr
process na

Since som
model of

t of the decoding process is_a series of fields or frames that are normally the input of a display pr|
hich fields or frames are output by the decoding process is called the display order, and may be diff
order (when B-picturesiare used). The display process is responsible for the action of displaying th
ames on a display device. If the display device cannot display at the frame rate indicated in the bit
bcess may perfornr frame rate conversion. This Specification does not describe a theoretical model
r the operation of the display process.

e of the syntax elements, such as progressive frame, may be needed by the display process, in this

pnforming

layers are

bcess. The
erent from
e decoded
tream, the
of display

theoretical

decoding process and may be accessed by the display process.

When the

he decoding process, all the syntactic elements that are decoded by the decoding process are output by the

progressive sequence is decoded (progressive sequence is equal to 1), the luminance and chfominance

samples of the reconstructed frames are output by decoding process in the form of progressive frames and the output rate
is the frame rate. Figure 7-18 illustrates this in the case of chroma format equals to 4:2:0.
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¢ > H.262(12) €718
Frame period )
= 1/frame_rate

Figure 7-18 —progressive_sequence==1

reconstructed frame is output one time if repeat first field\is equal to 0, and two or three consecutiye times if
t field is equal to 1, depending on the value of top. field first. Figure 7-19 illustrates this in the case of
rmat equals to 4:2:0 and repeat_first field equals 1¢
Frame period
= 1/frame_rate
< »
X X X X X X X
o QO O O O O
XX X X X X X
o X X X X X X
o o O O O O O
X X X X X X X
X X X X X X X
[ [ AR [ [ [ [
Ry = h—y Ly N Ly Ny
XX X X X X X
X X X X X X X
o o O O O O O
X X X X X X X
0 1 0
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 7-2

0 illustrates this.

X X X
X X X

X X X

X X X

It is a req
and botton

If the rec
samples af
process is

Although
same time

If the rec

decoding process in the form of two or three consecttive fields, depending on the value of repeat_first field.

X X X X

X
X
X
X

«

ZaN N a
Field period —»
< P H.262(12)_F7-20

Frame period
= 1/frame_rate
Figure 7-20 — progressive_sequence ==

lirement on the bitstream that the fields at the output of the decodifig-process shall always be alte
h (note that the very first field of a sequence may be either top or bottom).

nstructed frame is interlaced (progressive frame is equal(to 0), the luminance samples and ch
¢ output by the decoding process in the form of two consecutive fields. The first field output by th
the top field or the bottom field of the reconstructed frame, depending on the value of top_field first]

hll the samples of progressive frames represent the‘same instant in time, all the samples are not ou
by the decoding process when the sequence is inferlaced.

nstructed frame is progressive (progressivelframe is equal to 1), the luminance samples are out

rately top

rominance
b decoding

tput at the

put by the

the display

t the same

NOTE |- The information that these fields originate 'from the same progressive frame in the bitstream is conveyed to
process}
All of the|chrominance samples of the teconstructed progressive frame are output by the decoding process a
time as th¢ first field of luminance samples. This is illustrated in Figures 7-21 and 7-22.
X X X X X
® O O O
X X X X
X X X X X
O O O
X X X X
X X X X X
O O O
X X X X
X X X X X
o O O O
X X X X
N— — - . -’ — — e— — H.262(12)_F7-
progressive_frame: 0 1 1 0
Figure 7-21 — progressive_sequence == 0 with 4:2:0 chrominance
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8 Profilesand levels
NOTE |- In this Specification the word "profile" is used as defined below. It should not be/confused with other dg

"profilg

Standarndization.

pfogressive_frame:

—ﬂ
0 0

|
l
1

Figure 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance

" and in particular it does not have the meaning that is defined by ISOAEC/JTC1/Special Group on

b Vo H.262(12) PRt

¥

finitions of
Functional

Profiles arjd levels provide a means of defining subsets of the syntax and semantics of this Specification and thereby the

decoder cs

that is defined by this Specification. A level is a defined set of comstraints imposed on parameters in the
Conformapce tests will be carried out against defined profiles at defined levels.

The purpd
among dif
which cor
bitstream

In this cla
values wh
general, a
allowed v:

pabilities required to decode a particular bitstream. A profile iscaydefined subset of the entire bitstre

ferent applications. Implementers of this Specification are encouraged to produce decoders and
respond to those defined conformance regions~The discretely defined profiles and levels are thg
nterchange between applications of this Specifieation.

1se the constrained parts of the defined ptofiles and levels are described. All syntactic elements and

decoder shall be deemed to be confermant to a given profile at a given level if it is able to properly
ilues of all syntactic elements, as specified by that profile at that level. One exception to this rule e3

am syntax
bitstream.

se of defining conformance points in the form of profiles and levels is to facilitate bitstream ipterchange

bitstreams
means of

parameter

ch are not explicitly constrained may. take any of the possible values that are allowed by this Specification. In

decode all
(ists in the

case of a Bimple profile Main level decoder, which must also be able to decode Main profile, Low level bit§treams. A
bitstream fhall be deemed to be conformant if it does not exceed the allowed range of allowed values angl does not
include digallowed syntactic elements.
Attention fis drawn to 5.4 which defines the convention for specifying a range of numbers. This is used thr¢ughout to
specify th¢ range of values.and parameters.
The profile_and leyvel{inidication in the sequence extension indicates the profile and level to which thel bitstream
complies. [The most-significant bit of profile and level indication is called 'escape bit'. When the escape bjt is set to
zero, the profil¢ and level are derived from profile and level indication according to Tables 8-1, 8-2 and 8-3.
Tab:r: 8'1 - M cal I;I IU Uf II:\}I“LDII ) pl Ufl:C_al Id_:CVC:_II |di\.,atEU| I

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
1011to 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)

Table 8-4|describes profiles and levels when the escape bit equals 1. For these profiles and levels there is ho implied
hierarchy [from the assignment of profile_and- level indication and profiles and levels are not necessarily [subsets of
others.

Attention |s drawn to Annex E, which'describes in detail those parts of ISO/IEC 13818-2 that are used for a giyen profile
and level.
NOTE |1 — On 4:2:2 Profile:(The Rec. ITU-T H.262 | ISO/IEC 13818-2 compression algorithm exploits temporal fedundancy,
spatial fedundancy, and hufnan psycho-visual properties and is not a lossless algorithm. For sequences with substantial spatial and

temporgl redundancies, ot without many sharp lines/edges, the quality of the sequences obtained after decompresdion will be
higher than that obtained for sequences with lower redundancy, or with a large number of sharp lines/edges.

The 4:3:2 profile(can"provide higher video quality, better chroma resolution and allows a higher bit rate (at Main |evel, up to
50 Mbif/s) thansMP@ML. It also provides the capability to encode all active lines of video.

Although jt 1s.not part of the hierarchy of profiles and levels, the 4:2:2 profile @ Main level decoder is required to defcode all the
bit streqms ‘décodable 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 profile can be used for applications requiring multiple generations of encoding and decoding. In the case of multiple
generations without picture manipulation or change in picture coding type between generations, the quality remains nearly
constant after the first generation. Use of picture manipulation or change in picture coding type between generations causes some
degradation in quality. Nevertheless, the resulting quality is acceptable for a broad range of applications.

The 4:2:2 profile permits all I-picture encoding. This enables fast recovery from transmission errors and can simplify editing
applications. This profile allows the high bit rates required to maintain high quality while using only I-picture coding. The 4:2:2
profile also allows the use of P- and B-picture coding types which can further improve quality or reduce bit rate for the same
quality.

See Annex J for more information on the picture quality of the 4:2:2 profile.

NOTE 2 — On Multi-view Profile: The Multi-view Profile (MVP) is envisioned to be a profile appropriate for applications that
require multiple viewpoints within the context of 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

A monosc
An enhand
utilized in
MVP, viey
compatibi

8.1

ISO/IEC
Scalable a
profile de
constraint

8.2

The Simp
syntax suf]
profile de

profile_and_level_indication Name
10001111 to 11111111 (Reserved)
10001110 Multi-view profile @ Low level
10001101 Multi-view profile @ Main level
10001100 (Reserved)
10001011 Multi-view profile @ High1440 level
10001010 Multi-view profile @ High level
10000110 t0 10001001 (Keservea)
10000101 4:2:2 profile @ Main level
10000011 to 10000100 (Reserved)
10000010 4:2:2 profile @ High level
10000000 to 10000001 (Reserved)

bpic coding with the same tools as Main Profile (MP), including ISQ/IEC 11172-2, is applied to the
ement layer is coded using Temporal Scalability tools and a hybrid\prediction of motions and dispa]
the enhanced layer.

ved as one of the scalable profiles in terms of multiple vi€wpoint layers, is expected to have the sa
ity features other scalable profiles have, such as compatibility with MP. For example:

) decoders compliant to MVP at a certain Levelcare capable of decoding the bitstreams compliar
the corresponding Level (i.e. forward compatibility);

P)  decoders compliant to MP at a certain Level are capable of decoding the bitstream in the ba:
MVP (i.e. backward compatibility).

SO/IEC 11172-2 compatibility:

1172-2 "constrained parametet') bitstreams shall be decodable by Simple, Main, SNR Scalable]
nd High profile decoders at all*levels. Additionally Simple, Main, SNR Scalable, Spatially Scalablg
coders shall be able to, decode D-pictures-only bitstreams of ISO/IEC 11172-2 which are withir
of the decoder.

Relationship between defined profiles

e, Main, SNR Scalable, Spatially Scalable and High profiles have a hierarchical relationship. Thg
ported:by @ 'higher' profile includes all the syntactic elements of 'lower' profiles (e.g. for a given ley
odet shall be able to decode a bitstream conforming to Simple profile restrictions). For a given {

same synt

base layer.
rity can be

ne type of
t to MP at

e layer of

Spatially
and High
the level

trefore the
el, a Main
rofile, the

. set'is supported regardless of level. The order of hierarchy is given in Table 8-2.

The syntactic differences between constraints of profiles are given in Table 8-5. This table describes the limits which
apply to a bitstream. Note that a Simple Profile conformant decoder must be able to fully decode both Simple profile,
Main level and Main profile, Low level bitstreams.
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Table 8-5 — Syntactic constraints of profiles

Profile
Syntactic Element Simple Main SNR Spatial High 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 ILP I,P,B IL,P,B ILP,B ILP,B ILP,B I,P,B
repeat_first_field Constrained Unconstrained Constrained |Unconstrained
wquence_l;ca]able_ No No Yes Yes Yes No Yes
extension(
scalable_mode - - SNR SNR or SNR or — Temporal

Spatial Spatial
picture_spptial_scalable No No No Yes Yes No No
extension(
picture_temporal_scalable No No No No No No Yes
extension(
intra_dc_grecision 8,9,10 8,9,10 8,9,10 8,9,10 8,9,10,11 | 8,9,10,11 8,9,10
Slicestructure Restrieted

6.122

For all defined profiles, there is a semantic restriction on the bitstream that all of the data for a macroblogk shall be
representefd with not more than the number of bits indicated by“TFable 8-6. However, a maximum of two macioblocks in
each horizpntal row of macroblocks may exceed this limitation:

Table 8-6 — Maximunmi\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 miacroblock is deemed to start with the first bit of the macroblock address incrpment (or
macroblodk escape{ if any) and continues until the last bit of the macroblock() syntactic structure. The bits gequired to
represent gny slicé() that precedes (or follows) the macroblock are not counted as part of the macroblock.

The High jprofile is also distinguished by having different constraints on luminance sample rate, maximum bt rate, and
VBV buffersize Referto Tabies 812, 8=13and8-14:

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level
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
011 50 Oorl 0
011 60 000 + 1001 (59.94...) Oorl Oorl
100 60 Oorl Oorl
Reserved
111 Reserved
Additional constraints exist for Main profile @ Main level and Simple profile @ Main level only:

Additiona

8.3

The Low,
of a 'highd
able to deq

The differ

8.4

The SNR
These difi
obtainable
Table 8-9.

b if (vertical_size > 480 lines) or (frame_rate is "25Hz") then if picture coding type ==011 (i.e.
repeat_first field shall be 0.

b if vertical size > 480 lines frame rate shall be "25Hz"

ly, the following constraints exist for 4:2:2 profile @ Main level only:

b if vertical size > 512 lines,

then if picture_coding_type=011 (i.e. B-pictire), repeat_first field shall be 0;

b if vertical size > 512 lines frame rate shall'be "25Hz".

Relationship between defined levels

Main, High-1440, High and HighP-levels have a hierarchical relationship. Therefore the parameter
' level equal or exceed the eonstraints of 'lower' levels (e.g. for a given profile, a Main level decod
ode a bitstream conforming'te Low level restrictions). The order of hierarchy is given in Table 8-3.

bt parameter constraifits for levels are given in Table 8-8.

Scalable layer's

Scalable, Spatial Scalable, High and Multi-view profiles may use more than one bitstream to code
erent_bitstfeams represent layers of coding, which when combined create a higher quality imagg
from_one layer alone (see Annex F). The maximum number of layers for a given profile is sj

B-picture),

Constraints
er shall be

the image.
than that
pecified in
for these

Thescalable layers are named according to Table 7-31. The syntactic and parameter constraint

profile/level combinations when coded using the maximum permitied number of layers are given in lables 8-11, 8-12,
8-13 and 8-14. When the number of layers is less than the maximum permitted, reference should also be made to
Tables E-21 to E-46 as appropriate.

It should be noted that a bitstream of the base layer of SNR Scalable and Multi-view profiles can always be decoded by a
Main profile decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by either SNR Scalable

or Multi-v

iew profile decoder of equivalent level.
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Table 8-8 — Parameter 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" | 'or','10% '11' | '01','10°, '11" '01','10', '11" "r
frame_pred_frame_dct [0:1] [0:1] [0:1] [0:1] 1

Sample Density Table 8-11

Luminance Sample Rate Table 8-12

Maximugp-B#-Rate Fable-8—43

Buffer Size Table 8-14
Frame pictyre

f_code[d|[1] (forward vertical) [1:4] [1:5] [1:5] [1:5] [1:5]

f_code[1][1]» (backward vertical) [1:4] [1:5] [1:5] [1:5] [1:9]

Vertical ector range? [-64:63.5] [-128:127.5] | [-128:127.5] [-128:127.5] [-128:1R7.5]
Field picture

f_code[d|[1] (forward vertical) [1:3] [1:4] [1:4] [1:4] NAY

f_code[1][1]® (backward vertical) [1:3] [1:4] [1:4] [1:4] NAY

Vertical Jector range? [-32:31.5] [-64:63.5] [-64:6373] [-64:63.5] NAY

a) For Simple profile bitstreams which do not include B-pictures, f code[1][0]and f code[1][1] shall be set to 15 (not

5 This

((veqtor'[0][0][ 1]
((veqtor'[0][0][1]
©) In thys table, 'NA' indicates a constraint that does notapply due to a constraint on the value of picture_structure.

m[parity ref][parity pred])//2)

m[parity ref][parity pred])//2) + dmyector[1]
m[parity ref][parity pred])//2) + efparity_ref][parity pred] + dmvector[1]

sed).

restriction applies to the final reconstructed motion vector. In the case of dual prime motion vectors, this restricfion
applips to all the following values:

vectdr'[0][0][ 1]
((veqtor'[O][0][1] * m[ [ ]
((veqtor'[0][0][1] * m[parity ref][parity pred])//2) + e[parity, ref][parity pred]
*m[ [ ]
*

Table§

-9 — Upper boundsfor scalablelayersin SNR Scalable, Spatial Scalable, High and Multi-view

profiles

Level

Profile

Madximum Number of
SNR

Z

Spatial High

ulti-view

High

All layers (bas¢+ enhancement)
Spatial enhancement layers
SNR eahancement layers
Temporal auxiliary layers

— o oM

High-144

All layers (base + enhancement)
Spatial enhancement layers

SNR S

Temporal auxiliary layers

— o OoON

Main

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

O = =W
O~ —WwW|lok—w|lo—=—w

— 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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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
Profije Base layer Enhancement layer 1 Enhancement layer2 (level reference top layer)
SNR 4:2:0 SNR, 4:2:0 - MP@same level
Spatial 4:2:0 SNR, 4:2:0 — MP@same level
Spatial 4:2:0 Spatial, 4:2:0 Z MP@(level — 1)
Spatial 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 MP@(level — 1)
Spatial 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 MP@(level — 1)
High 4:2:0 - - HP@same level
High 4:2:2 - - HP@same level
High 4:2:0 SNR, 4:2:0 - HP@same level
High 4:2:0 SNR, 4:2:2 - HP@same level
High 4:2:2 SNR, 4:2:2 - HP@same level
High 4:2:0 Spatial, 4:2:0 - HP@(level — 1)
High 4:2:0 Spatial; 4:2:2 - HP@(level — 1)
High 4:2:2 Spatial, 4:2:2 - HP@(level — 1) ®
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 HP@(level — 1)
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:2 HP@(level — 1)
High 4:2:0 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®
High 4:2:2 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 HP@(level — 1)
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:2 HP@(level — 1)
High 4:2:0 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1)
High 4:2:2 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1) P
Multi-viey 4:2:0 Temporal, 4:2:0 - MP@same level
3 The simplest compliant decoder to decode the base layer is specified, assuming that bitstream may contain any dyntax and

parameter value permitted for the stated profile @ level, except scalability. Note that for High profile (@ Main level spatially
scaled bitstreams, 'HP @ (level — 1) becomes 'MP @ (level — 1)". In the event that a base layer bitstream uses fewer syntactic
elements or a reduced parameter range than permitted, profile_and level indication may indicate a 'simpler’ profile @ level.

b) Note that 4:2:2 chroma format is not supported as a lower spatial layer of High profile @ Main level (see Table 8-12).

Details of the different parameter limits that may be applied in each layer of a bitstream and the corresponding
appropriate profile_and level indication that should be used are given in Tables E.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:

In a B-fie
correspon

It is inherg
pictures i
decoded u
the picturg

85
See Table

ling

nt in the Multi-view Profile that the two layers are tightly coupled to,ene another. It is a requiremg

enhancement layer shall be decoded immediately after their correspending required reference p
nless this requirement makes one to decode the enhancement layer\pictures out of display order. In
s in the enhancement layer should be decoded in the display ordén.

Parameter valuesfor defined profiles, levels anddayers
8-11.

Dual prime prediction shall not be used.

shall not be used.

he-base-layer frame

If base and enhancement layers do not have the same value for top field first, thete shall be no

macroblocks that are coded with macroblock motion forward zero and macroblock jntra’zero.

If base and enhancement layer do not have the same value for top_field first, there shall be o skipped

macroblocks.

base layer frame.

d picture which is the first field of a frame, the prediction shall not make reference to the second fiield of the

nt that the
ctures are
that case,
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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
Lines/frame 1088 1088 1088 1088
Frames/sec 60 60 60 60
High -
Lower Samples/line 960 1920
Lines/frame - 576 - 1088
Frames/sec 30 b0
High- |[Enhancement | Samples/line 1440 1440 1440 1440
1440 Lines/frame 1088 1088 1088 - 1088
Frames/sec 60 60 60 b0
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
Main Lines/frame | 576 576 576 576 608 @) 576
Frames/sec 30 30 30 30 30 B0
Lower Samples/line 352 720
Lines/frame - - — 288 - 576
Frames/sec 30 B0
Enhancement | Samples/line 352 352 B52
Low Lines/frame 288 288 - P88
Frames/sec 30 30 B0
Lower Samples/line B52
Lines/frame = - - P88
Frames/sec B0
In the cage of single layer or SNR scaled coding, the limits specified by 'Enhancement layer' apply.
) 512 liges/frame for 525/60, 608 lines/frame ffor 625/50
The syntagtic elements referenced by this table are as follows:
+  samples/line:~horizontal size;
+  lines/frame;_-Vertical size;
+  frames/sec:® frame rate.
The upper|bound ferframe 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 62 668 800 (4:2:2) 62668 800 62 668 800
83558400 (4:2:0)
Lower - 14745 600 (4:2:2) - 62 668 800
19 660 800 (4:2:0)
High- | Enhancement 47001 600 47001600 | 47001600 (4:2:2) - 4} 001 600
1440 62 668 800 (4:2:0)
TLower - 10368000 | 11059200 (4:2:2) — 47001 600
14 745 600 (4:2:0)
Main Knhancement | 10368000 | 10368000 | 10368 000 11059200 (4:2:2) 11059200 19 368 000
14745 600 (4:2:0)
ILower — - - = — 19 368 000
3041280 (4:2:0)
Low Knhancement 3041280 3041280 — B 041280
ILower - - - B 041280

NOTE - Iy} the case of single layer or SNR scaled coding, the limits speeified by "Enhancement layer" apply.

The luminpnce sample rate P is defined as follows:

1+  For progressive sequence == 1:
P = (16 * ((horizontal _size¥'15)/ 16)) x (16 * ((vertical size + 15) / 16)) x frame_rate
1+  For progressive_sequence== 0:
P = (16 * ((horizontal _size + 15) / 16)) x (32 * ((vertical size + 31)/32)) x frame_rate

8.6 Compatibility requirements on decoders
Table 8-13§ defines the requitements on compatibility for decoders. There is a requirement that a decoder of a profile and
level reprgsented by @’ column in Table 8-15 be capable of decoding correctly all bitstreams with profile| and level
indication|markedby.an X in the column. In case of scalable hierarchy of bitstreams, the profile and level indjication are
that of thefupper-layer.
NOTE }-.Fot Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitstr¢gam contain
the profile~and level indication-of the "simplest” decoderwhich iscapable of success decoding that layer of the Bitstream. In
the case where the profile and level indication Escape bit == 0, this will be the numerically largest of the possible valid values of
profile and level indication.
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Table 8-13 — Upper boundsfor bit rates (Mbit/s)

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

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
15 base layer 20 base layer 60 base layer
Main = 26-att la_yclo -
15 15 15 both layers 15 middle + base layer 50 25\both layers
10 base layer 4 base layer 15 pase layer
Low - -
4 4 both layers -~ 8 both layers
3 base layer 4 Base layer
NOTE 1 - This table defines the maximum rate of operation of the VBV for a coded bitstream of.the) given profile and [level. This

rate is indifated by bit_rate (see 6.3.3).

NOTE 2 —
coding apyl

stated in tHis table.
NOTE 3 —|1 Mbit =1 000 000 bits

This table defines the maximum permissible data rate for all layers up to and inéliding the stated layer. For multi-layer
lications, the data rate apportioned between layers is constrained only by the maximum rate permitted for a givien layer as

Table 8-14 — VBV buffer sizetrequirements (bits)

Profile
Level Layer
Simple Main SNR Spatial High 4:2:2 Multi-view
HighP | Enhancement 2
KEnhancement 1
Base 9 781 248
High HEnhancement 2 12 222 464 -
KEnhancement 1 9 781 248 15 898 480
Base 9 781 248 3047424 | 47 185920 | |9 787 248
High- | Bnhancement 2 7340032 | 9781248 -
1440 Knhancement 1 4 882 432 7 340 032 - 12 222 464
Base 7 340 032 1 835008 2441216 7340 032
Main KEnhancemént 2 - 2441216 -
KEnhancement 1 1 835008 1 835008 3047 424
Base 1835008 | 1835008 | 1212416 475136 | 9437184 | [1835008
LOW Luhauu\nubut 2 _
Enhancement 1 475136 950 272
Base 475136 360 448 475 136

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
in;itt::ieoar:nin @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@LL 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 | %
MP@ML X| x | x| x| x X | x| x | x XD | x9 | x x|
MP@LL X | X [ x| X | x| x| x| x| x|x|x [xdx0D]x026x" x| K| X
SP@ML X| x | x| x| x X | x| x | x X [ xD | x0%Y x| x | [
ISOMECT|1722 | X | X | X | X | X | X | X | x| x | x| x [ x[xXOyX) | x| x | x| X
42:2@MLU Xy | X9
4:2:2@HL X
MVP@HL X
MVP@H-14 X X
MVP@ML X X IX
MVP@LL X X IX X
X  indigates 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)  A4p2 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/IEC.1¥172-2 constrained system parameter bitstreams.
¢ A4p2 profile@High level decoder shall be able to decode 4:2:2P@ML, MP@HL, MP@H-14, MP@ML, MP@LL
and PBP@ML, as well as ISO/IEC 11172-2 constrainedsystem parameter bitstreams.

9

9.1

Parts 1, 2
ITU-T H.2
ISO/IEC 1
elementar}
registering

Rec. ITU-

Registration of copyrightddentifiers

[Sener al

and 3 of ISO/IEC(13818 provide support for the management of audiovisual works copyrightin
22.0 | ISO/IEC\13818-1 [6] this is by means of a copyright descriptor, while Rec. ITU-]
3818-2 and ISO/IEC 13818-3 [14] contain fields for identifying copyright holders through syntax fi

stream ,syntax. This Recommendation | International Standard presents the method of obts
copyright.identifiers in Rec. ITU-T H.262 | ISO/IEC 13818-2.

' H,262 | ISO/IEC 13818-2 specifies a unique 32-bit copyright identifier which is a work type cod

2. In Rec.
[ H.262 |
elds in the
ining and

b identifier

(such as I

bBNY ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables identifi

cation of a

wide number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a syntax and
semantic for identifying the audiovisual works or other copyrighted works within that particular copyright organization
through appropriate use of the variable length additional copyright_info field which contains the copyright number.

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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The N XN

with

Annex A

I nver se discr ete cosine transform

(This annex forms an integral part of this Recommendation | International Standard.)

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
N2 N

uv,x,y=0,1,2,... N—1

where

The N X N

where x, ¥},

The defin|

For purpo
The mathd

with f(x, y
denotes rd
performed

The IDCT
integer ap
requireme
errors do 1

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 (u,,v)
7 is Archimedes' constant 3.141 592 653 589 793 238 462643 ...

foruv=0

1
C(w), C(v) = 12

1 otherwise

two-dimensional mathematical real-number discrete cosine trangforim (DCT) is defined as:

(2x ¥ l)uTc (2y +1)vn
2N

F(u,v) ——C(u)C(v)ZZf(x y)cos ~

x=0y=0

u, v, f(x, y) and F(u, v) are defined as given abeye for the IDCT definition.

es of this Specification, the value of N shall be considered equal to 8.

matical integer-number IDCT-is defined as:

f'(x, y) = round(f(x, y))

produced by the mathematical real-number IDCT as specified above for each value of x and y, whg

ot{occur in the final values of the integers.

NOTE

tion of the DCT (also called forward DCF) is purely informative. The forward DCT is not uged by the
decoding process specified in this Specification.

re round()

unding to the nearestinteger, with half-integer values rounded away from zero. No clamping or sgturation is

function used-in the decoding process for computation of the integer values f[y][X] may use any jmethod of
proximation of the mathematical integer-number IDCT results f'(x, y), provided that it confoyms to all
hts specified in ISO/IEC 23002-1 and its Annexes A and B and has sufficient precision so that pignificant

—hradditiorto—the-aboverequirenent;—itTs—desirabte-that-the—mtegeroutput-of-the IDEFfumctiomfyixd-used in the

decoding process additionally produces output that is as close as feasible to the result of the mathematical integer-number IDCT
f'(x, y) for input values causing one or more elements f'(x, y) of the output of the mathematical integer-number IDCT to
somewhat exceed the range of [-384, 383].
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Annex B

Variablelength code tables

(This annex forms an integral part of this Recommendation | International Standard.)

B.1 Macrablock addressing
See Table B.1.

TableB.1—Variablelength codesfor macroblock_address_increment

I acClrOblIoCK_address Increment value macr ODIOCK_address Increment value
increment VLC code increment VLC code
1 1 0000 0101 01 18
01)L 2 0000 0101 00 19
01 3 0000 0100 11 20
oo 1 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 001 11 26
0000 1011 10 0000011 110 27
00p0 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
NOTE } The "macroblock stuffing” entry that is available in ISO/IEC 11172-2 is not available in this Specification.
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B.2 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 ODIOCK_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 —Variablelength codes for macrobloek: typein P-pictures

macroblock_type VL C code

macr oblock_quant

macr oblock_motion_forward

macr oblock_mation_backward

macr obtock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description
1 o101 [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
0001 0. 1)1 {0]1f[0]O0 MC, Coded, Quant 0
0000 1 1100 1[07]0O0 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]10[0]O0 Interp, Not Coded 0
11 0] 1 1 110(0 Interp, Coded 0
010 ojfofrjofoj]o Bwd, Not Coded 0
011 ojofr|j1foj]o Bwd, Coded 0
0010 oOofrfofofloO0]O Fwd, Not Coded 0
0011 of1{o0)1f0]oO0 Fwd, Coded 0
0001 1 ojofjfojof1ry]o Intra 0
0001 0 1 1 1 1]1]0]O0 Interp, Coded, Quant 0
0000 11 1 1{10[1([O0fO Fwd{Coded, Quant 0
0000 10 101 ]1f[0]O0 Bwd, Coded, Quant 0
0000 01 1{ofo0of[O0fT1(fO Intra, Quant 0

Table B.5—Variable length codes for macroblock _typein I-pictureswith spatial scalability

macroblock_type VL C code

macr oblock *guant

magroblock_motion_forward

macr oblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes
Description
1 ojofo]1f[0]O Coded, Compatible 4
01 110f0]1[07]0O0 Coded, Compatible, Quant 4
0011 ofojJofoj1]oO Intra 0
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 of1f{of1f|ofT1 MC, Coded, Compatible 1,243
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 MC,)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 0]J]O0[O0]O0][O0]3 No MC, Not Coded, Compatible 1,2,3
0000 101 0O]J0f[O0] 1] 030 Coded, Compatible 4
0000 010 110[0] 100 ] 0 Coded, Compatible, Quant 4
0000 011 OfO0O[O0OPNO|[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 0] 1 1 110(0 Interp, Coded 0
010 ojof1]0f[O0]O0 Back, Not coded 0
011 ofoj1f{1rj0foO Back, Coded 0
0010 oOofrfofo|lO0]O For, Not coded 0
0011 of1]o0f1]0f]oO For, Coded 0
0001 10 ofof1f[ofoO0]fT1 Back, Not Coded; Gompatible 1,2,3
0001 11 001 1 {01 Back, Codéd,-€ompatible 1,2,3
0001 00 O]J1[0]0O0[O0]1 For, Not Coded, Compatible 1,2,3
0001 01 oOjJ1f(0]1[O0]1 For) 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 110f(1]0/{.0 For, Coded, Quant 0
0000 101 10| 1]1] 030 Back, Coded, Quant 0
0000 0100 IL{OofOf O[O Intra, Quant 0
0000 0101 1 11O0RNY O 1 For, Coded, Compatible, Quant 1,2,3
000001100 1| ol 1101 Back, Coded, Compatible, Quant 1,2,3
000001110 0o,Jo[0]0f[0]0O0 Not Coded, Compatible 4
00000110 1 0o fO0]J1[0]0O0 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

spatial_temporal_weight_code_flag

per mitted Qpnfinl_fprnpnrnl_\/\mighf_{‘l'\N‘N‘
Description
1 ofojofrjofo Coded 0
01 11001 f|[O0fO Coded, Quant 0
001 ofojJofojofo Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are proecssed 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
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 0000111 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 101 17 0000 0101 54
0016.X00 33 0000 0100 58
0010 011 6 0000 0011 1 31
0010010 10 0000 0011 0 47
0010 001 18 0000 0010 I 35
0010 000 34 0000 0010 0 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 0 39
0001 1101 19 0000 0000 1 0 (Note)

NOTE - This entry shall not be used with 4:2:0 chrominance structure.
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B.4 Motion vectors
See Tables B.10 and B.11.

Table B.10 — Variable length codes for motion_code

Variable length code motion_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 )
0000 1011 =5
0000 111 -4
0001 1 -3
0011 -2
011 —1
1 0

010 1

0010 2

0001 0 3

0000 110 4

0000 1010 5

0000-+000 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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B.5
See Table

Table B.11 —Variable length codes for dmvector|[t]

Code Value
11 -1
0 0
10 1

DCT coefficients

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

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
1111 110 8
11111110 9
111111110 10
11111111 1 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
11111111 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
0101s 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 8 1 4
0000 Q1011 s 2 3
0000 0011 11's 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 MLDI 1 22 1
0000 0000*11110s 23 1
00000000 11101 s 24 1
0000 0000 11100 s 25 1
0000 0000 1101 1s 26 1

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

139


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

ISO/IEC 13818-2:2013 (E)

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 0 279
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 111 s 1 8
0000 0000 00 LI~INO s 1 9
0000 0000 00L1 101 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 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTE 1 — The last bit 's' denotes the sign of the level: '0' for’positive, '1' for negative.
NOTE 2 — "End of Block" shall not be the only code of~theblock.

NOTE 3 — This code shall be used for the first (DC)Cecfficient in the block.
NOTE 4 — This code shall be used for all other coetficients.
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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
0I11s 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 1
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
11111100 s 2 3
1111 HOPs 4 2
0000 00100 s 5 2
0000 0010 1's 14 1
0000 0011 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 MLDI 1 22 1
0000 0000*11110s 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 0 279
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 111 s 1 8
0000 0000 00 LI~INO s 1 9
0000 0000 00L1 101 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' forpesitive, '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
111 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
defined in C.5, C.6, and C.7. It is required that a bitstream that conforms to this Specification shall not cause the VBV
buffer to overflow. When low delay equals zero, the bitstream shall not cause the VBV buffer to underflow. When
low_delay|equals one, decoding a picture at the normally expected time might cause the VBV buffer to underflow. If this
is the casel the picture is not decoded and the VBV buffer is re-examined at a sequence of later times specified|in C.7 and
C.8 until it is all present in the VBV buffer.

All the ar|{thmetic in this annex is done with real-values, so that no rounding errors can propagate: For expmple, the
number off bits in the VBV buffer is not necessarily an integer.

Ci1 ['he VBV and the video encoder have the same clock frequency as well as,the)Same frame rate, and are
operated synchronously.

C.z2 [he VBV buffer is of size B, where B is the vbv_buffer size coded in‘the sequence header and sequence
extension |f present.

C3 ['his subclause defines the input of data to the VBV buffer. Two mutually exclusive cases are defingd in C.3.1
and C.3.2|In both cases the VBV buffer is initially empty. Let Rmax be the bit rate specified in the bit rate field.

cal n the case where vbv_delay is coded with a value not equal)to hexadecimal FFFF, the picture data pf the n-th
coded picture enters the buffer at a rate R(n) where:

R(n)=d*,/ (t(n) — 1@+ 1)+ tn + 1) —t(n) )

Where

R(n) is the rate, in bits/s, that the picture data for the n-th coded picture enters the VBV.

1*n is the number of bits after,the final bit of the n-th picture start code and before and including the final

bit of the (n + 1)-th picture start code.
F (n) s the decoding delay-eoded in vbv_delay for the n-th coded picture, measured in seconds.

(n) s the time, measured in seconds, when the n-th coded picture is removed from VBV bufffer. t(n) is
defined in C!9,)C.10, C.11, and C.12.

Ambiguity at the beginning, ef a sequence:

The intervil of timetyy — t, between removal of two consecutive pictures can normally be derived from the bjtstream as
described jn C.9,«€:0, C.11 and C.12.

When ranglofiraccess is made in a sequence, t,.| — t, cannot be determined from the video bitstream alone fpr the first

: L8 4] 1 3 : 41 : 14N ) ) 3 " tedia al o 1.1
plcture(s) artCrthc—Sequence NCatCr SMEC T PrevIotsSCoaca T — or =iramcaoCs ot CxX1stm—trcaccoaca-—sequcnce. If the

bitstream is multiplexed as part of a systems bitstream according to Rec. ITU-T H.222.0 | ISO/IEC 13818-1 [6], then it is
possible (but not certain) that information in the systems bitstream may be used to determine unambiguously this interval
of time. This information is available if Decoding Time Stamps (DTS) are transmitted for pictures n and n+1.

If the rate R(n) cannot be determined unambiguously, it is not possible for the VBV to precisely determine the fullness in
trajectories in the VBV buffer during a limited period (always less than the maximum value for vbv_delay, which is
approximately 0.73 seconds), therefore strict VBV verification of the entire bitstream is not always possible. Note that an
encoder always knows the values of t,, | — t, after each repeated sequence headers and therefore knows how to generate a

bitstream that does not violate the VBV constraints at those points.

The ambiguity may become a problem when the video bitstream is remultiplexed and delivered at a rate different from
the intended piecewise constant rate R(n).
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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 all bitstreams R(n) <= Ry,x for all picture data.

NOTE —ker—constantsate—dideo—the sequence—
permitted by the quantization of vbv_delay.

€ accuracy

C.32 n the case where vbv_delay is coded with the value hexadecimal FFFF, data enters the\VBYV| buffer as
specified in this subclause.

If the VBY buffer is not full, data enters the buffer at R,y

If the VBV buffer becomes full after filling at Ry, for some time, no more data enters ‘the buffer until some data is
removed ffom the buffer.

After fillirjg the VBV buffer with all the data that precedes the first picture start code.of the sequence and the pjcture start
code itself, the VBV buffer is filled from the bitstream until it is full. At this time decoding begins. The |data input
continues pt the rate specified in this subclause.

C4 Btarting at the time defined in C.3, the VBV buffer is examined ‘af successive times defined in C.9 td C.12. C.5
to C.8 deflnes the actions to be taken at each time the VBV buffer is gxamined.

C5 ['his subclause defines a requirement on all video bitstreams.

At the tinje the VBV buffer is examined before removing any’ picture data, the number of bits in the buff¢r shall lie
between zgro bits and B bits where B is the size of the VBV«buffer indicated by vbv_buffer_size.

For the pyrpose of this annex, picture data is definedas all the bits of the coded picture, all the header(s) and user data
immediatdly preceding it if any (including any stuffing between them) and all the stuffing following it, up fo (but not
including)|the next start code, except in the case where the next start code is an end of sequence code, in which case it is
included in the picture data.

sequence_header(), Sequence_extension(), extension_and_user_data(0),
grouphof® pictures_header() and extension_and_user_data(1) and picture_start_code

)

[
>

| 0o |1 E n Inel | [
- vbv_delay » H.262(12) FC.1

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 picture furrently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 fieldsperipds before
removing fhe big picture, and no picture data is removed until the final re-examination.

At this tinje, the number of bits the VBV buffer immediately before removing the big picture shall be/less thap B, all the
picture dafa for the picture that has been in the buffer longest (the big picture) shall be present,in(the buffer and shall be
removed ipstantaneously. Then, normal operation of the VBV resumes, and C.5 applies.

The last cgded picture of a sequence shall not be a big picture.
(OR3) ['his subclause is informative only.

The situafion where the VBV buffer would underflow (see C.7) can happen.when low-delay applications transmit
occasionally large pictures, for example in case of scene-cuts.

Decoding puch bitstreams will cause the display process associated withr a decoder to repeat a previously decoded field or
frame untjl normal operation of the VBV can resume. This processtis sometimes referred to as the occprrence of
"skipped pictures". Note that this situation should normally nof.occur except occasionally. It shall not ofcur when
low_delay|is equal to 0.

C.9 [his subclause defines the time intervals betweenssuccessive examination of the VBV buffer in the ¢ase where
progressivie_sequence equals to 1 and low_delay equalsite, 0. In this case, the frame re-ordering delay always|exists and
B-pictureq can occur.

The time Interval t, , | — t, between two successive examinations of the VBV buffer is a multiple of T, whefe T is the
inverse ofthe frame rate.

If the n-th|picture is a B-picture with repedt) first field equals to 0, then t;, . | —t, is equal to T.

If the n-th| picture is a B-picture with tepeat_first field equal to 1 and top_field first equals O, then t, , | —[t, is equal
to 2*T.

If the n-thl picture is a B-piCture with repeat_first field equal to 1 and top_field first equals 1, then t;, . | —[t, is equal
to 3*T.

If the n-thl picture is™a P-picture or I-picture and if the previous P-picture or I-picture has repeat first field ¢qual to 0,
then t, ;| |- t, is equal to T.

If the n-th|picture is a P-picture or I-picture and if the previous P-picture or I-picture has repeat_first field equil to 1 and

A 1ean 41 4 L 14, DT
top_ﬁeld_ mrstequarto v tne {7 17— {7 IS equarto T~

If the n-th picture is a P-picture or I-picture and if the previous P-picture or I-picture has repeat first field equal to 1 and
top_field first equal to 1, then t, , | —t;, is equal to 3*T.

C.10 This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 1 and low_delay equals to 1. In this case the sequence contains no B-pictures and there is
no frame re-ordering delay.

The time interval t, , | — t, between two successive examinations of the VBV buffer is a multiple of T, where T is the
inverse of the frame rate.

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 the n-th picture is a frame-structure coded P-frame or coded I-frame and if the previous coded P-frame dr coded I-
frame has [repeat_first field equal to 0, then t,, . | —t,, is equal to 2*T.

If the n-thl picture is a frame-structure coded P-frame or coded I-frame and if the previous coded-P-frame qr coded I-
frame has [repeat _first field equal to 1, then t, , | —t, is equal to 3*T.

If the n-th|picture is the first field of a field-structure coded P-frame or coded I-frame, then t,$y — t,, is equal tq T.

If the n-th| picture is the second field of a field-structure coded P-frame or coded I-frame"and if the previoup coded P-
frame or cpded I-frame is using field-structure or has repeat_first field equal to 0, then'ty, | — t, is equal to (23T — T).

If the n-th| picture is the second field of a field-structure coded P-frame or coded) I-frame and if the previoup coded P-
frame or cpded I-frame is using frame-structure and has repeat_first_field equalo 1, then t, , | —t, is equal to [3*T — T).

Figure C.2 shows the VBV in a simple case with only frame pictures. Frames P, B, and B4 have a display duration
of 3 fields

A Buffer fullness

Time

5
H.262(12)_FC.2

Figure C.2 — Example VBV with B-pictures

c.12 ['his clausedefines the time intervals between successive examination of the VBV buffer in the dase where
progressivie_sequence equals to 0 and low_delay equals to 1. In this case the sequence contains no B-pictures and there is
no frame 1e-ordering delay.

1 that 1+ 4+ It g < e gaatiaotion e oL 4o NTDNT jooono t Lo OO (o PROEY PPy £ 1
The tlme nervar Ln + l Ln ULLIVWULULIT TVWU SULUUSSTV LU VAAITIIITIAUIVUILS UI'taIv vV 1IJ'yv lllt}ut Uurivi s a llll—lltlt}l\/ UL, here T ls

the inverse of two times the frame rate.

If the n-th picture is a frame-structure coded P-frame or coded I-frame with repeat first field equal to 0, then t, , | —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.

Rec. ITU-T H.262 (02/2012) 149


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

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

A Buffer fullness

> Time
* H262(12)_FC3

Figure C.3 —Example VBV without B-pictures

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


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

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

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 compatibility with

existing video decoders, the method wuses an indicator to be provided in
extensiong—s ; icture ; . -

The following syntax and semantics are specified for indicating a frame packing arrangement in the uset\data bytes of
the user_data() syntax structure of extensions_and user data( 2 ). The syntax structure sent in these user’ dat bytes for
this purpoge is specified as follows.

rame packing_arrangement_data() { No. of bits Mnemonic

frame_packing_user_data identifier 32 bslbf
remaining_data_length 8 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

frame_pagking_user_data_identifier — The bit\string '4a503344' in hexadecimal. When the user_data bytes of the
user data(]) syntax structure begin with this bit string, the remaining bytes of the user data() syntax strugture shall
conform t¢ the frame packing arrangement, data() syntax structure.

NOTE |1 — This frame packing user data\identifier is a 4-byte code value that has been selected to avoid conflic{ with other
applicafions of the user_data() mecharism:

remaining_data length — Shall be sét to 3. Other values are reserved for possible future extensions defined py ITU-T |
ISO/IEC. Decoders shall use theéyvalue of this syntax element to determine the quantity of additional reserved|data byte
syntax elements as specified in the frame packing_arrangement data() syntax diagram.

reserved_|pit — Shall besset to the value 'l'. The value '0' is reserved for possible future extensions defined by ITU-T |
ISO/IEC. Pecoders shall ignore (i.e. remove from the bitstream and discard) the value of this bit.

arrangement_type— See Table D.1.

TableD 1 _ Semanticsof nrrnngnmmf 'r\]/pn

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
displayable part of the encoded plcture The 1ndlcated samphng posmons relatlve to the samphng grld of a hypothetical

upconvert A he "stereo
side-by-si¢le" arrangement are shown in Frgure D.1.
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Figur e D.1 — Rearrangement and-hypothetical upconversion of " stereo side-by-side" arrangement vipwsto
convert to thefull’resolution of the displayable part of the encoded picture
NOTE P — Pixels marked as "-"in*Figure D.1 illustrate pixels in the encoded picture that are outside the displayablepart. These
pixels are discarded after the-decoding of the picture.
In the cas¢ of the "stereo_top-and-bottom" arrangement indication, the picture is divided into two halves, each of which
has half rgsolution vertieally (relative to the displayable part of the encoded picture). The left view is in the upper part of
the displayable part.of the encoded picture, and the right view is in the lower part of the displayable part of tie encoded
picture. The border position between the two halves is at the centre of the displayable part of each column [within the
displayable part-of the encoded plcture The 1ndlcated samphng posmons relatlve to the samphng gr1d of a hypothetical

upconverted he "stereo

top-and-bottom" arrangement are shown in Flgure D.2.
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|SO/IEC 13818-2:2013 (E)

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].

NOTE - This annex is informative and is simply intended as a summary of the normative restrictions set out in clause 8.
e i e pre i is te iscre exi etwee e e gtive text in

1O A A D pararon o A X a._(d DAl X D A A C A O

clause § shall always take precedence.

In Tables 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-dependent parameters.

I Type Item independent ofthe Eevel in the Profile.

P Type Item for post-processing after decoding; the decoder must [be
capable of deceding bitstreams which contain these items, Put
their use 1s\“beyond the scope of this Recommendatior] |
International'Standard.

NOTE — "Status" is kept blank if an entry is not a syntactic element.
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Table E.2 — Sequence header

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comnients
01 | hor|zontal_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 | Tablg®*11
03 | aspect_ratio_information X X X X X X X P
04 | frame_rate code X X X X X X x | D} Table 8-11
05 | (sample rate) D | Table 8-12. Sample rate fis a
NOJE — This is not a syntactic element product of samples/line,
lines/frame and frames/spc.
06 | bit Jrate 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 | conptrained_parameters flag X X X X X X X I | Setto"1"if ISO/IEC 11]172-2
constrained,
Set to "0" if Rec. ITU-T [H.262 |
ISO/IEC 13818-2
09 | load_intra_quantiser_matrix X X X X X X X 1
10 | intrla_quantiser_matrix[64] X X X X X X X I
11 | load_non_intra_quantiser_matrix ¥ | x X X X | x X 1
12 | nonlintra_quantiser_matrix[64] X X X X X X X I
13 | seqyence extension() X X X X X X X I | Always present if Rec. ITU-
T H.262 | ISO/IEC 1381B-2
14 | seqyence display_extension() X X X X X X X P
15 | seqyence scalable eXtension() o X X X o X I | Table 8-9 for maximum pumber
of scalable layers
16 | useq data() X X X X X X X I | Decoder may skip this data
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Table E.3 — Sequence extension

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

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIVMPEE
# Syntactic elements Comments
01 | profile_and_level_indication X X X X X X x | D | Profile: one of*§ values
Level: one of 6 values
Escape bit:_one of 2 values
02 | propressive_sequence X X X X X X X 1
03 | chrpma format X X X X X X X 1 |~Table 8-5
04 | hor|zontal_size extension X | x X X X | x x | D} Input picture size related
05 | verfical_size extension X | x X X X | x x\|JD | Input picture size related
06 | bit Jrate 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 | fr ame_r ate_extension_n X X X X X X X I | Setto"0" for all defined|profiles
10 | fr arhe_r ate extension_d X X X X X X X I | Setto"0" for all defined|profiles
Table E.4 — Sequence display extension elements
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | video_format X X X X X X X P
02 | colour_description x | x | x x | x | x | x | P | Inputformat 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 Comnients
01 | scalable_mode 0 0 X X X 0 X I | SNR Profile: SNR Scalapility

Spatial.and High Profile] SNR
and/or-Spatial Scalability
Mulfi-view Profile: Temporal

Scalability
02 | laygr_id 0 0 X X X 0 X 1
if (§patial scalable)
03 Ipwer _layer prediction_ 0 0 0 X X 0 o | D | Table 8-12 for luminancp
horizontal_size sampling density
04 lpwer_layer_prediction_ 0 0 0 X X 0 o | D | Table 8-12 for luminancp
ertical_size sampling density
05 orizontal_subsampling_ 0 0 0 X X 0 0 I
ctor_m
06 ;Lorizonta]_subsampling_ 0 0 Q X X 0 0 I
ctor_n
07 ertical_subsampling_ 0 o o X X 0 0 I
flactor_m
08 ertical_subsampling_ 0 0 0 X X 0 0 I
flactor_n
if (tpmporal scalable)
09 ;ricture_mux_enable 0 0 o 0 0 0 X I
10 ri'lux_tOJ)rogrve_sequence 0 0 0 0 0 0 X I
11 ;inicture_mux_order 0 0 o 0 0 0 X I
12 ;Licture_mux_factor 0 0 0 0 0 0 X I
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Table E.6 — Group of picturesheader

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

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 dita
02 | cloged_gop X X X X X X X I
03 | broken_link X X X X X X X 1
Table E.7 — Pictur e header
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPEE
# Syntactic elements Comments
01 | tempporal_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 Mhin level,
I, P, B at Low level
Main, SNR, Spatial, High and
Multi-view Profile: 1, P,|B
03 | vbv delay X X X X X X X I
04 flull_pel_forward_vector X X X X X X X I | Setto"0" for Rec. ITU-
T H.262 | ISO/IEC 1381B-2
05 florward_f_code X X X X X X X I | Setto"111" for Rec. ITU-
T H.262 | ISO/IEC 1381B-2
06 full_pel_backward_vector X X X X X X X I | Setto"0" for Rec. ITU-
T H.262 | ISO/IEC 13818-2
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 1
09 picture_coding_extension() X X X X X X X I
10 | quant_matrix_extension() X X X X X X X 1
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() o 0 0 o o 0 X P
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Table E.8 — Picture coding extension
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE

# Syntactic elements Comments
01 | f_cade[Q][0] (forward horizontal ) X | x X X X | x x | D | Low Level [1i7]

Main Level[1:8]

High;1440 and High Leyel [1:9]
02 | f_cade[0][1] (forward vertical) X | x X X X | x x | D | Lewlevel [1:4]

Main, High-1440 and High Level

P1:5]
03 | f_cade[1][0](backward horizontal) X X X X X X x A5\D | Low Level [1:7]

Main Level [1:8]

High-1440 and High Leyel [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 Lgvel [1:5]
05 | intrla_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 | pictiure 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 | congealment_motion_vectors X X X X X X X 1
10 | g_sfale type X X X X X X X I
11 | intrla_vic_format X X X X X X X I
12 | altgnate_scan X X X X X X X I
13 | repgat_first_field X X X X X X X I
14 | chrpma_420_type X X X X X X X P
15 | propressive.frame X X X X X X X P
16 | composite display_flag x | x | x X | x | x| x| P
17 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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|SO/IEC 13818-2:2013 (E)

Table E.9 — Quant matrix extension
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comnients
01 | load_intra_quantiser_matrix X X X X X X X
02 intra_quantiser_matrix[64] X X X X X X X
03 Ioatll_non_intra_quantiser_matrix X X X X X X X
04 rlon_intra_quantiser_ X X X X X X X
matrix[64]
05 | load_chroma_intra_quantiser_ o o 0 o X X 0
matrix
06 ¢hroma_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 ¢hroma_non_intra_quantiser_ 0 0 0 0 X X 0
matrix[64]
Table E.10 — Picturedisplay extension
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
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 Comnients
01 | refgrence_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 | lowpr_layer_temporal\reference o o o X X o o 1
02 | lowpr_layer _horizontal offset 0 0 o X X 0 o | D | Input format related
03 | lowpr_layervertical_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
tlable_index
05 Iowler_l ayer_progressive_frame 0 0 o X X 0 0 I
06 | lower_layer_deinterlaced_field_ 0 0 o X X 0 0 I
select
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|SO/IEC 13818-2:2013 (E)

Table E.13 — Camera parameter s extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# [ Syntactic clements Comments
01 | resgrved 0 0 o 0 0 0 X P
02 | canjera_id 0 0 o 0 0 0 X P
03 mal|ker_bit o o o o o o X P
04 heigiht_of_image_device 0 0 o 0 0 0 X P
05 mallker_bit 0 0 o 0 0 0 X P
06 foo+|_|mgth 0 0 o 0 0 0 X P
07 mallker_bit o o o o o o X P
08 f_n+mber 0 0 o 0 0 0 X P
09 mallker_bit o o o o o o X P
10 ver1ical_angle_of_view o o 0 o o o X P
11 mallker_bit 0 0 o 0 0 0 X P
12 | canjera position_x_upper 0 0 o 0 0 0 X P
13 | magker_bit 0 0 o o 0 0 X P
14 | canjera_position_x_lower o o 0 o o o X P
15 | magker_bit 0 0 o 0 0 0 X P
16 | canjera_position_y_upper 0 0 o 0 0 0 X P
17 | matker_bit Q 0 o 0 0 0 X P
18 | camjera_position_y_lower 0 0 o 0 0 0 X P
19 | matker_bit 0 0 o 0 0 0 X P
20 | camera_position_z_upper 0 0 o 0 0 0 X P
21 | magker_bit 0 0 o 0 0 0 X P
22 | canjera_position_z tower 0 0 o 0 0 0 X P
23 | matker_bit o o o o o o X P
24 | canmera_diréction_x 0 0 o 0 0 0 X P
25 mal|ker_bit 0 0 o 0 0 0 X P
26 | canlera’direction_y 0 0 0 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
SIVMPEE
# Syntactic elements Comments
01 | dlicg vertical_position_extension X | x X X X | x X Input formatselatéd
02 priority_breakpoint 0 0 o o 0 0 0 Only reqtiir¢d for data pgrtitioning
03 | qugntiser_scale code X X X X X X X
04 | dlicg 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 glice picture_id_enable X X X X X X X Decoder may skip this dpta
07 glice_picture_id X | x X X X | x X Decoder may skip this data
08 gxtra_bit_dlice X X X X X X X Decoder may skip this djta
09 | madroblock() 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 hacr.ablock_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
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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 Comnients
01 | magroblock_type X X X X X X X
02 gpatial_temporal_weight_code 0 0 o X X 0 0
03 firame_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 X X X
Table EXX7 —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 Comnients
01 | motion_horizontal_code X X X X X X X
02 notion_horizontal _r X X X X X X X
03 c’mv_hor izontal X X X X X X X
04 mollion_vertical_code X X X X X X X
05 ri']otion_vertical_r X X X X X X X
06 (imv_ver tical X X X X X X X
Table E.19 — Coded block pattern
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | codedblock_pattern—420 X X X X X X X
02 coded_block_pattern_1 0 0 o o 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

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

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comnients
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
Tables E.41 to E.52 illustrate the parameter limits that may be applied in eagh layer of a bitstream, and the corfesponding
appropriate profile and level indication that should be used. Each table describes the limits of a single compliance point
in the proffile / level matrix.
The following notation has been adopted:
<profile abbreviation>@x<level abbreviation>
The abbreyiations are defined in Table E.21.
Table E.21.+ Abbreviationsfor profile and level names
<profile <level
Profile abbreviation> Level abbreviation>
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 3 ¢ 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
No. of Scalable Maximum Maximum Maximum Maximum Profile
1 ’ layer id d sample density | total bit rate total VBV and level
ayers mode (H/V/F) sample rate 1000000 huffer indimtirlwn
1 0 Base 720/576/30 10 368 000 15 1835008 MP@MIL
Table E.25—Main profile @ High-1440 level
Nb. of Scalabl Maximum Maxi Maximum Maximum Profild
) p- © layer id ca 2:1 ¢ sample density ax11mu1:[[1 total bit rate | total VBV and lev¢l
grers mode (H/V/F) Sampie rate 11000000 buffer indicatign
1 0 Base 1440/1088/60 47 001 600 60 7340 032 MP@H-[14
Table E.26 —Main profile @ Kigh level
Nb. of Scalable Maximum Maximhum Maximum Maximum Profild
] ’ layer id d sample density le rat total bit rate total VBV and lev¢l
gers mode (H/V/F) sampierate | 1000000 buffer indicatign
1 0 Base 1920/1088/60, 62 668 800 80 9781 248 MP@HL
TableE.27 —Main profile @ HighP level
Nb. of Scalablé Maximum Maximum Maximum Maximum Profilg
1 ’ layer id 3 sample density le rat total bit rate total VBV and lev¢l
gyers R¥ (H/V/F) sampie rate | 1000000 buffer indicatign
1 0 Base 1920/1088/60 125 337 600 30 9781248 MP@HIL
Table E.28 — SNR profile @ Low level
N Maximum . Maximum Maximum Profil
) ot layer id bcale(lime sample density Mdmlmm:[[l total bit rate | total VBV and level
ayers mode (H/V/F) Sampie rate 41000000 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
U DBdsC [FAVNAVSLY TU 5066 UUU IV I'Z12410 lVlr@anL
1 SNR 720/576/30 10 368 000 15 1 835008 SNR@ML
Table E.30 — Spatial profile @ High-1440 level (Base Layer + SNR)
Nb. of . Scalable Maximum Maximum Maximum Maximum Profilg
ldyers layer id mode sample density sample rate total bit rate total VBV .an(.i le\_f bl
(H/V/F) /1000000, buffer indicati¢n
2 0 Base 352/288/30 2 534 400 1,856 327 680 ISO 111f2
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 3041 280 60 7340 032 Spt@H-| 4
2 0 Base 720/576/30 10 368 000 15 1 835008 MP@MLL
1 SNR 720/576/30 10 368 000 60 7340 032 Spt@H-14
2 0 Base 1440/1688/60 47 001 600 40 4 882 432 MP@H-[14
1 SNR 14407/1088/60 47001 600 60 7 340 032 Spt@H-14
Table E:31- Spatial profile @ High-1440 level (Base Layer + Spatial)
Nb. of . Jealable Maximum Maximum Maximum Maximum Profile
ldyers layer id mode sample density sample rate total bit rate | total VBV and level
(H/V/F) /1000000 buffer indicati¢n
2 0 Base 768/576/30 2 534 400 1.856 327 680 ISO 111f2
1 Spatial 1440/1088/30 47001 600 60 7 340 032 Spt@H-14
2 0 Base 720/576/30 10 368 000 15 1 835 008 SP@M
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 3041 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@LL
1 SNR 352/288/30 3041 280 4 475 136 SNR@IL
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 111f2
1 SNR 720/576/30 2 534 400 15 1 8350008 SNR@ML
2 Spatial 1440/1088/30 47001 600 60 7 340 032 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 60 7 340 032 Spt@H-14

3 0 Base 352/288/30 3041 280 4 475 136 MP@LL
1 SNR 352/288/30 3041280 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@MLL
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-| 4
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-| 4
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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 47001 600 40 4 882432 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@LL
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@MIL
1 Spatial 1440/1088/30 47001 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 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-|4
Table E.34 —High profile @ Mai level (Base Layer)
Maximum Maxi Maxi Profil
No. qf . Scalable Chroma sample Maximum aximum aximum ropiie
layer id . total bit rate total VBV and level
layerfs mode Format density: sample rate AT I
/1000000 buffer indicption
(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
T SNR #7270 3521288739 3641280 Y #4216 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 1 835,008 MP@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 1-835 008 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)
Maxigym . Maximum Maximum Profile
Il\jio' f layer id Scala:ible %hrom? zampie Max11mur? total bit rate | total VBV and level
yers fmode orma ohsity sample rate /1000000 buffer indicftion
(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 475136 MPAdI L
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 Spatrat 422 FRO5F6139 H-659-266 26 244216 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 2441216 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 2534400 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 SR 422 056139 H-659-266 26 244216 HP@ML
3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 ISOA(1172
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 2441216 HP@ML
3 0 Base 4:2:0 352/288/30 3041280 4 475136 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 11059 200 s 1 835008 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 11 059 200 15 1 835008 HP@ML
2 SNR 4:2:2 720/576/30 KNOS9 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 7201576/30 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 Spatijal 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
Il\aIlO' of layer id Scala:ible %hrom? (slamp_ie MaXllmuT total bit rate total VBV _anc_i leyel
yers mode orma o SAMPICTALE | /1000000 buffer indication
(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

174

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



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

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

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;llll%/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@LL
1 SNR #4270 35272887360 3041280 80 9781248 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 835008 MP@ML
1 SNR 4:2:0 720/576/30 10 368 000 80 9781248 HP@H-14

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 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 14945600 20 1 835008 HP@ML
1 SNR 4:2:0 720/576/30 1745 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 9781248 HP@H-14

2 0 Base 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
t Spattat #4270 40710887601 62668-800 80 9781248 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 475436 MP@LL
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 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 15 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 14945600 20 2441216 MP@H-14
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 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 4122 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

176

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



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

|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 Spatrat 422 40088760147 001666 86 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 9781.248 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 1/835 008 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 3041280 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 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 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

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 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

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 422 HH49088/60—1T—47 001666 86 9781248 HP@H-14
3 0 Base 4:2:0 352/288/30 2 534 400 1.856 327 680 SO'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 | 1172
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 | 47001600 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
2 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
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 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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