\

ITU-T H.262

(02/2000)

TELECOMMUNICATION
STANDARDIZATION SECTOR
OF ITU

SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS
Infrastructure of audiovisual services — Coding of moving
video

Information technology — Generic coding of
moving pictures and associated audio

information: Video

ITU-T Recommendation H.262

(Previously CCITT Recommendation)

Google
Exhibit 1019









Summary

This Recommendation | International Standard specifies co
required to reconstruct pictures. It provides a generic videc
bit rates, picture resolutions and qualities. Its basic coding
and DCT. Pictures to be coded can be either interlaced or prx
a single syntax, and a limited number of subsets are defined i
facilitate practical use of this generic video coding standard.

This second edition of this Recommendation | Internat

ISO/TEC 13818-2:1996, subsequently altered by two corriget

1. A first corrigendum adding a slice picture i
description parameters, removing a prohibi
clarifying ambiguity on restricted range of re
boundaries of sequences, and making various :

2. A second corrigendum altering the im
temporal reference for low delay, and making

A first amendment providing a method of obtaining and registering copyright identifiers.
A second amendment defining a 4:2:2 profile.

A third amendment adding a camera parameters extension and a multi-view profile.

A fourth amendment adding an ITU-T extension.

A fifth amendment adding a high level to the 4:2:2 profile.

A sixth amendment reducing the upper bound for the number of lines per frame in the high level of all
profiles from 1152 to 1088.

I S

Source

ITU-T Recommendation H.262 was approved on 17 February 2000. The identical text is also published as ISO/IEC
International Standard 13818-2.

This edition of ITU-T H.262 consolidates H.262 (07/1995) and its Amendments 1 and 2 (11/1996), 3 and 4 (02/1998),
5 (05/1999), 6 (02/2000) and Corrigenda 1 and 2 (11/1996).
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The World Telecommunication Standardization Conference (WTSC), which meets every four years, establishes the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are prepared on a
collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a telecommunication
administration and a recognized operating agency.

INTELLECTUAL P.

The ITU draws attention to the possibility that the practice
use of a claimed Intellectual Property Right. The ITU takes :
of claimed Intellectual Property Rights, whether asserted t
development process.

As of the date of approval of this Recommendation, the ITU
patents, which may be required to implement this Recomme:
not represent the latest information and are therefore strongly urged to consult the 'I'SB patent database.

© ITU 2000

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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BSS Broadcasting Satellite Service (to the hot
CATV  Cable TV Distribution on optical networl
CDAD Cable Digital Audio Distribution

DSB Digital Sound Broadcasting (terrestrial at
DTTB Digital Terrestrial Television Broadcastit
EC Electronic Cinema

ENG Electronic News Gathering (including Sh
FSS Fixed Satellite Service (e.g. to head ends
HTT Home Television Theatre

IPC Interpersonal Communications (videocon
ISM Interactive Storage Media (optical disks,
MMM Multimedia Mailing

NCA News and Current Affairs

NDB Networked Database Services (via ATM, etc.)
RVS Remote Video Surveillance

SSM Serial Storage Media (digital VTR, etc.)

Intro. 3 Profiles and levels

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

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

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

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

Bitstreams complying with this Specification use a conmeon 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 m 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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umage quality at the bitrates ot interest demands very high compression, which 1s not achievable with mtra picture coding
alone. The need for random access, however, is best satisfied with pure intra picture coding. The choice of the techniques
is based on the need to balance a high image quality and compression ratio with the requirement to make random access
to the coded bitstream.

A number of techniques are used to achieve high compression. The algorithm first uses block-based motion
compensation to reduce the temporal redundancy. Motion compensation is used both for causal prediction of the current
picture from a previous picture, and for non-causal, interpolative prediction from past and future pictures. Motion vectors
are defined for each 16-sample by 16-line region of the picture. The prediction error, is further compressed using the
Discrete Cosine Transform (DCT) to remove spatial correlation before it is quantised in an nrreversible process that
discards the less important information. Finally, the motion vectors are combined with the quantised DCT information,
and encoded using variable length codes.

Intro. 4.1.1 Temporal processing

Because of the conflicting requirements of random access and highly efficient compression, three main picture types are
defined. Intra Coded Pictures (I-Pictures) are coded without reference to other pictures. They provide access points to the
coded sequence where decoding can begin, but are coded with only moderate compression. Predictive Coded Pictures (P-
Pictures) are coded more efficiently using motion compensated nrediction from a nast intra or nredictive caded nictire
and are generally used as a reference for further predicti
provide the highest degree of compression but require both
Bidirectionally-predictive coded pictures are never used as r
picture is used as a reference in a spatially scalable enhance
sequence is very flexible. The choice is left to the encoder a1
Intro. 1 illustrates an example of the relationship among the t

Bidirectional Interpolation
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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 1s the responsibility of the encoder to calculate appropriate motion vectors. This Specification does not specify how
this should be done.

Intro. 4.1.4 Spatial redundancy reduction

Both source pictures and prediction errors have high spatial redundancy. This Specification uses a block-based DCT
method with visually weighted quantisation and run-length coding. After motion compensated prediction or
interpolation, the resulting prediction error is split into 8 by 8 blocks. These are transformed into the DCT domain where
they are weighted before being quantised. After quantisation many of the DCT coefficients are zero in value and so
two-dimensional 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 1117:
formats.

Intro. 4.2 Scalable extensions

The scalability tools in this Specification are designed to
video. Among the noteworthy applications areas address¢
Transfer Mode (ATM) networks, interworking of video :
temporal and quality resolutions, HDTV with embedded T¥
HDTV, etc. Although a simple solution to scalable
transmission/storage of multiple independently coded repr
video coding, in which the bandwidth allocated to a given 1¢
the next reproduction of video. In scalable video coding, it i
complexities can decode and display appropriate reproductio
increased complexity when compared to a single layer encox
provides several different forms of scalabilities that a
complexities. The basic scalability tools offered are:

—  data partitioning;

—  SNR scalability;

—  spatial scalability; and
—  temporal scalability.

Moreover, combinations of these basic scalability tools are a
case of basic scalability, two layers of video referred to a
whereas in hybrid scalability up to three layers are supp
applications of various scalabilities.
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Progressive (30 Hz) Progressive (30 Hz) Progressive (60 Hz) Migration to high resolution progressive
HDTV

Interlace (30 Hz) Interlace (30 Hz) Progressive (60 Hz) Migration to high resolution progressive
HDTV

Intro. 4.2.1 Spatial scalable extension

Spatial scalability 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 conunon
feature that a minimum of two layers of spatial resolution are necessary. Spatial scalability involves generating two
spatial resolution video layers from a single video source such that the lower layer is coded by itself to provide the basic
spatial resolution and the enhancement layer employs the spatially interpolated lower layer and carries the full spatial
resolution of the input video source. The lower and the enhancement layers may either both use the coding tools in this
Specification, or the ISO/TEC 11172-2 Standard for the lower layer and this Specification for the enhancement layer. The
latter case achieves a further advantage by facilitating interworking between video coding standards. Moreover, spatial
scalability offers flexibility in choice of video formats to be employed in each layer. An additional advantage of spatial
scalability is its ability to provide resilience to transnussion errors as the more important data of the lower layer can be
sent over channel with better error performance, while the less critical enhancement layer data can be sent over a channel
with poor error performance.

Intro. 4.2.2 SNR scalable extension

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

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

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 mn 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 minimised 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.

ITU-T Rec. H.262 (2000 E) ix
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1 Scope

This Reconmendation | International Standard specifies t
storage media and digital video communication and specifie:
bitrate transmission, variable bitrate transmission, random ac
as well as special functions such as fast forward playback.
This Recommendation | International Standard is forward ¢
compatible with EDTV, HDTV, SDTV formats.

This Recommendation | International Standard is primarl

commumication. The storage media may be directly connex
busses, LANSs, or telecommunications links.

2 Normative references

The following Recommendations and International Standar
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prediction from past and/or future reference fields or frames.

3.6 backward compatibility: A newer coding standa
decoders designed to operate with the older coding standard
bitstream produced according to the newer coding standard.

3.7 backward motion vector: A motion vector that :
reference field at a later time in display order.

3.8 backward prediction: Prediction from the future 1
3.9 base layer: First, independently decodable layer of
3.10 bitstream; stream: An ordered series of bits that fi
3.11 bitrate: The rate at which the coded bitstream is de
3.12 block: An 8-row by 8-column matrix of samples, o

3.13 bottom field: One of two fields that comprise
immediately below the corresponding line of the top field.

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

3.15 byte: Sequence of 8 bits.

3.16 channel: A digital medium that stores or transports a bitstream constructed according to ITU-T Rec. H.262 |
ISO/TEC 13818-2.

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

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

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

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

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

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

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

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

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

same as the display order.

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

15



3.34
The two bitstreams have to be recombined before decoding.

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

except in ISO/IEC 11172-2.

3.35 D-Picture: A type of picture that shall not be used

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

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

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

3.40 decoding (process): The process defined in ITU-

bitstream and produces decoded pictures.

3.41

T Rec. H.262 | ISO/IEC 13818-2 that reads an mput coded

dequantisation: The process of rescaling the quantised DCT coefficients after their representation in the

bitstream has been decoded and before they are presented to the inverse DCT.

247 Aiaital staraca madia MIWN- A dicital ctaraca ar
3.49 encoder: An embodiment of an encoding process.
3.50 encoding (process): A process, not specified

stream of input pictures and produces a valid coded bitstrean

3.51 enhancement layer: A relative reference to a laye:
of scalability, its decoding process can be described by refer
additional decoding process for the enhancement layer itself.

3.52 fast forward playback: The process of displayin,
order faster than real-time.

3.53 fast reverse playback: The process of displaying
than real-time.

1

transmission device or system.

forward discrete cosine transform or the mverse discrete
mal transformation. The inverse DCT is defined in Annex A
ratial measurement units such as centimeters) of the intended

pictures are displayed. Normally this is the same order in

vhich reconstructed frames are displayed.

auch two forward field-based predictions are averaged. The

ore coded bitstreams are manipulated to produce a
meet the requirements defined in ITU-T Rec. H.262 |

6



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).

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

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

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

3.73 hybrid scalability: Hybrid scalability 1s the combination of two (or more) types of scalability.

3.74 interlace: The property of conventional television frames where alternating lines of the frame represent
different instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is called the
first field. The first field can be the top field or the bottom field of the frame.

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

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

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

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

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

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

17



(for 4:2:2 chrominance format) or eight (for 4:4:4 chrominance format) corresponding 8 by 8 blocks of chrommance 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 ITU-T Rec. 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.

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

3.93 P-picture; predictive-coded picture: A picture tl
reference fields or frame.

3.94 parameter: A variable within the syntax of ITU-
range of values. A variable which can take one of only two v;

3.95 parity (of field): The parity of a field can be top o1

3.96 past reference frame (field): A past reference fra:
time than the current picture in display order.

3.97 picture: Source, coded or reconstructed image
rectangular matrices of 8-bit numbers representing the lun
defined in 3.21 of ITU-T Rec. H.262 | ISO/IEC 13818-2. F
for interlaced video, a picture can refer to a frame, or the 1
context.

3.98 picture data: In the VBV operations, picture data 1s denned as all the bifs ol the coded picture, all the
header(s) and user data immediately preceding it if any (including any stuffing between them) and all the stuffing
following it, up to (but not including) the next start code, except in the case where the next start code is an end of
sequence code, in which case it is included in the picture data.

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

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

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

NOTE — In ITU-T Rec. H.262 | ISO/IEC 13818-2, the word "profile" is used as defined above. It should not be confused with
other definitions of "profile” and in particular it does not have the meaning that is defined by JTC1/SGFS.

ITU-T Rec. H.262 (2000 E) 5
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representing the lununance and two chrominance signals. A reconstructed frame 1s obtamned by decoding a coded frame.

3.109 reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A reconstructed
picture 1s 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 1s a field picture, then the reconstructed picture is the top field or the
bottom field of the reconstructed frame.

3.110  reference field: A reference field is one field of a reconstructed frame. Reference fields are used for forward
and 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.

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

3.112  re-ordering delay: A delay in the decoding process that 1s caused by frame re-ordering.

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

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

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

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

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

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

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

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

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

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

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

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

19



(LI W g UITLLPFULAL |/ CUILUIULL, DICUHGLIULL UCII VO LIV ICICICULG AU UL LICIUS ULLICE LUALL WIUST UCLLUIcU as spatlal
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 i1s spatially located immediately
above the corresponding line of the bottom field.

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

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

3.135  video buffering verifier (VBV): A hypothetical decoder that is conceptually connected to the output of the
encoder. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing process may
produce.

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

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

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

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

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

4 Abbreviations and symbols

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

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

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

X L
* } Multiplication
ITU-T Rec. H.262 (2000 E) 7
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T 3.141 592 653 58...
e 2718281 82845...

5 Conventions

51 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in 6.2. F
by its name, its length in bits, and a mnemonic for its type an

The action caused by a decoded data element in a bitstre:
elements previously decoded. The decoding of the data e
decoding are described i 6.3. The following constructs a
present, and are in normal type:

} first occurrence, incremented by one for the second occurrence, and so forth.
/* comment ... */ Explanatory comment that may be deleted entirely without in any
way altering the syntax.

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

if ( scalable mode == "spatial scalability" ) ...
In such cases the literal string is that used to describe the value of the bitstream element in 6.3. In this example, we see

that "spatial scalability" is defined in Table 6-10 to be represented by the two bit binary number '01".

ITU-T Rec. H.262 (2000 E) 9
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methods to identify these situa_tion.s, and the actions to be taken, are not standardised.

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

5.21 Definition of bytealigned() function

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

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

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

next start code() { No. of bits Mnemonic
while ( !bytealigned() )
zero_bit 1 0"
while ( nextbits() !='0000 0000 0000 0000 0000 0001")
zero_byte 8 '0000 0000
}

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

5.3 Reserved, forbidden and marker bit

The terms "reserved" and "forbidden" are used in the descrip
The term "reserved" indicates that the value may be used in t
The term "forbidden" indicates a value that shall never be us:
The term "marker bit" indicates a one bit integer in which

value '1"). These marker bits are introduced at several points

10 ITU-T Rec. H.262 (2000 E)
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6.1 Structure of coded video data

Coded video data consists of an ordered set of video bitstres
data is called non-scalable video bitstream. If there are twi
hierarchy.

The first layer (of the ordered set) is called base layer, ar
and 7.12 for a description of the decoding process for the t
in 7.10.

Other layers are called enhancement layers, and can only be
in the ordered set), starting with the base layer. See 7.7 to
hierarchy.

See Rec. ITU-T H.222.0 | ISO/IEC 13818-1 for a description

The base layer of a scalable hierarchy may conform to this £
See details in 7.7 to 7.11. Enhancement layers shall conform to this specirication.

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 highest syntactic structure of the coded video bitstream is the video sequence.

A video sequence commences with a sequence header which may optionally be followed by a group of pictures header
and then by one or more coded frames. The order of the coded frames in the coded bitstream is the order in which the
decoder processes them, but not necessarily in the correct order for display. The video sequence 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 sequence header or a group of pictures header or both. (In the case that both a repeat sequence header and a group
of pictures header immediately precede a particular picture, the group of pictures header shall follow the repeat sequence
header.)

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

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

In progressive sequences each picture in the sequence shall be a frame picture. The sequence, at the output of the

decoding process, consists of a series of reconstructed frames that are separated in time by a frame period.

ITU-T Rec. H.262 (2000 E) 11
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6.1.1.4 Picture

A coded picture is made of a picture header, the optional e:
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
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 cod:
A B-frame picture or a pair of B-field pictures is called a cod
A coded I-frame, a coded P-frame or a coded B-frame is calli

A reconstructed picture is obtained by decoding a code
immediately following it, and the picture data. A coded pictt
picture is either a reconstructed frame (when decoding a £
decoding a field picture).

6.1.1.4.1 Field pictures

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

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

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

6.1.1.4.2 Frame pictures

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

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

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

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

6.1.1.6 Sequence header

A video sequence header commences with a sequence header code and is followed by a series of data elements. In this
Specification, sequence_header() shall be followed by sequence extension() which includes further parameters beyond
those used by ISO/MEC 11172-2. When sequence extension() is present, the syntax and semantics defined in
ISO/TEC 11172-2 do not apply. and the present Specification applies.

12 ITU-T Rec. H.262 (2000 E)
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If a sequence display extension() occurs after the first sequence header() all subsequent sequence headers shall be
followed by sequence display extension() in which all data elements are the same as in the furst
sequence display extension(). Conversely if no sequence display extension() occurs between the first
sequence_header() and the first picture_header(), then sequence_display_extension() shall not occur i the bitstream.

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

In the coded bitstream, 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 mterlaced 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.

6.1.1.7 I-pictures and group of pictures header

I-pictures are intended to assist random access into the sex
playback, or fast reverse playback may use [-pictures relative

I-pictures may also be used at scene cuts or other cases whers

Group of picture header is an optional header that can be -
decoder if the first consecutive B-pictures immediately follo
case of a random access. In effect, if the preceding referenc
reconstructed properly unless they only use backward predi
clause describing closed gop and broken link. A group of
not used by the decoding process.

In the coded bitstream, the first coded frame following a grot

6.1.1.8 4:2:0 format

In this format the Cb and Cr matrices shall be one half
dimensions. The Y-matrix shall have an even number of lines and samples.

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

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

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

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

ITU-T Rec. H.262 (2000 E) 13
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In this format the Cb and Cr matrices shall be the same size as the Y-matrix in the horizontal and the vertical dimensions.

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

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

6.1.1.11 Frame re-ordering

When the sequence contains coded B-frames, the number of consecutive coded B-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.

When the sequence contains no coded B-frames, the coded order is the same as the display order. This is true m
particular always when low delay is one.

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

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

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

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

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

At the encoder input:

At the encoder output, in the coded bitstream, and at the decc
1 4 2 3 7 5 ¢
I P B B P B I

At the decoder output:

16 ITU-T Rec. H.262 (2000 E)
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6.1.2 Slice

A slice is a series of an arbitrary number of consecutive mar

be skipped macroblocks. Every slice shall contain at least on

may change from picture to picture.

The first and last macroblock of a slice shall be in the same h

Slices shall occur in the bitstream in the order in which they

proceeding by raster-scan order from left to right and top t

order).

6.1.2.1 The general slice structure

In the most general case it 1s not necessary for the slices to

areas that are not enclosed in a slice are not encoded and

picture).

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

responsibility of the encoder to ensure this.

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

6.1.2.2 Restricted slice structure

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

Where a defined level of a defined profile requires that the slice structure obeys the restrictions detailed in this subclause,

the term "restricted slice structure” may be used.

18 ITU-T Rec. H.262 (2000 E)
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Figure 6-8 — The most general slice structure

Figure 6-9 — Restrio. o v en cnnnea s

6.1.3 Macroblock

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

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

ITU-T Rec. H.262 (2000 E) 19

32



‘2|3| ‘6|10| ‘?lﬁlnsms&wm
Y Cb Cr

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

In frame pictures, where both frame and field DCT coding may be used, the internal organisation within the macroblock
1s different in each case.

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

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

In 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 organised in frame structure for the purposes of DCT coding. It should, however, be noted
that field based predictions may be made for these blocks which will, in the general case, require that predictions for
8 x 4 regions (after half-sample filtering) must be made.

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

6.1.4 Block

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

When "block" refers to source and reconstructed data it refers to an orthogonal section of a luminance or chrominance

component with the same number of lines and samples. There are 8 lines and 8 samples in the block.

20 ITU-T Rec. H.262 (2000 E)
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6.2 Video bitstream syntax

6.2.1 Start codes
Start codes are specific bit patterns that do not otherwise occ

Each start code consists of a start code prefix followed t
twenty three bits with the value zero followed by a smgle bt wiw we value vne. 1us st wous PITLA 1D WUD WIS ULl
string '0000 0000 0000 0000 0000 0001".

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

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

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

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

ITU-T Rec. H.262 (2000 E) 21
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BS

B6
B7
B8
B9 through FF
Specification.
No. of bits Mnemonic
1 -
2l
)
if ( nextbits() = sequence end code ) {
sequence_header()
sequence_extension()
}
} while ( nextbits() !=sequence end code)
} else {
/*ISO/MEC 11172-2 */
}
sequence_end code 32 bslbf
}
22 ITU-T Rec. H.262 (2000 E)
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LAl nCL It

vbv_buffer_size value

constrained parameters flag

load_intra_quantiser matrix

if (load intra quantiser matrix )

intra_quantiser_matrix[64]

load_non_intra_quantiser matrix

if ( load non intra quantiser matrix )

non_intra_quantiser_matrix|[64]

next_start_code()

36
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uimsbf

bslbf

uimsbf

uimsbf

uimsbf

uimsbf
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extension_start_code_identifier 4 uimsbf

scalable_mode 2 uimsbf

layer id 4 uimsbf

if (scalable mode == "spatial scalability") {
lower layer prediction horizontal size 14 uimsbf
marker_bit 1 bslbf
lower_layer prediction_vertical_size 14 uimsbf
horizontal subsampling factor_m 5 uimsbf
horizontal subsampling factor n 5 uimsbf
vertical _subsampling_factor m 5 uimsbf
vertical_subsampling_factor n 5 uimsbf

}

if ( scalable mode == "temporal scalability" ) {
picture_mux_enable 1 uimsbf
if ( picture mux_enable )

mux_to_progressive_sequence 1 uimsbf

picture_mux_order 3 uimsbf
picture mux factor 3 uimsbf

}

next_start_code()

}
26 ITU-T Rec. H.262 (2000 E)
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3 bslbf

1 uimsbf
8 uimsbf
1 uimsbf
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load_chroma_intra_quantiser matrix

if (load chroma intra_quantiser matrix )

chroma infra quantiser matrix[64]

load _chroma non_intra_quantiser matrix

if ( load chroma non intra quantiser matrix )

chroma_non_intra_quantiser matrix[64]

next_start_code()

6.2.3.3 Picture display extension

picture_display extension() { INO. OI DIIS vinemonic

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 Picture temporal scalable extension

picture_temporal _scalable extension() {

extension_start _code_identifier

reference_select_code

forward temporal reference

marker_bit

backward_temporal reference

next_start_code()
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8 uimsbf
1 uimsbf
7 bslbf
1 bslbf
20 uimsbf
1 bslbf
22 uimsbf
1 bslbf
22 uimsbf
No. of bits Mnemonic

43




iz u1msoI
1 bslbf
22 uimsbf
1 bslbf
22 uimsbf
1 bslbf
16 simsbf
1 bslbf
16

1 bslbf
16 simsbf
1 bslbf
16

1 bslbf
16 simsbf
1 bslbf
16

1 bslbf
22 simsbf
1 bslbf
22 simsbf
1 bslbf
22 simsbf
1 bslbf
22 simsbf
1 bslbf
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}

NOTE — The construct with the while-statement prevents start code emulation.

6.2.4 Slice
slice() { No. of bits Mnemonie
slice_start_code 32 bslbf
if (vertical _size > 2800)
slice_vertical position_extension 3 uimsbf
if (<sequence_scalable_extension() is present in the bitstream>) {
if (scalable mode =="data partitioning")
ot 7 uimsbf
5 uimsbf
1 bslbf
1 uimsbf
1 uimsbf
6 uimbsf
1 uimsbf
8 uimsbf
extra bit slice /* with the value '0' */ 1 uimsbf
do {
macroblock()
} while (nextbits() 1= '000 0000 0000 0000 0000 0000")
next_start_code()
}
32 ITU-T Rec. H.262 (2000 E)
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motion vector( 0, s)

uimsbf

uimsbf

uimsbf

No. of bits

Mnemonic

uimsbf

uimsbf

motion_vertical field select[1][s]

umsbf

motion_vector(l, s )
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motion_residual|r][s][1]

if (dmv ==1)
dmvector[1]
}
Coded block pattern

coded block pattern () {

coded_block_pattern_420

if ( chroma_format==4:2:2)

S D S S (R SR 2

uimsbf

"Subsequent DCT coefficient" and "End of Block" is fully
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e 1T sequence_ eXIension() OCCUrs i e bilstreamn, men each picture_header() shall be Iollowed immediately
by a picture_coding_extension().

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

e picture coding extension() shall only occur immediately following a picture_header().
e  The first coded frame following a group_of pictures_header() shall be a coded I-frame.

A number of different extensions are defined in addition to sequence extension() 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.

Table 6-2 — extension start code identifier codes

extension start code identifier Name

0000 1
0001
0010
0011 (
0100 (
0101 H
0110 1
0111 1
1000 1
1001 1
1010 1
1011 (
1100 1
1101 Reserved

1111 Reserved

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

In the case that a decoder encounters an extension with an extension identification that is described as "reserved" in this
Specification, the decoder shall discard all subsequent data until the next start code. This requirement allows future
definition of compatible extensions to this Specification.
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horizontal size — The horizontal size is a 14-bit unsigned integer, the 12 least significant bits are defined in
horizontal size value, the 2 most significant bits are defined in horizontal size extension. The horizontal size is the
width of the displayable part of the luminance component of pictures in samples. The width of the encoded luminance
component of pictures in macroblocks, mb_width, is (horizontal size + 15)/16. The displayable part is left-aligned i 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 nmltiples 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 sigmificant 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 m
macroblocks, mb_height, is 2*((vertical size + 31)/32). The height of the encoded luminance component of field
pictures in macroblocks, mb_height, is ((vertical size + 31)/32).

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

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

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

Table 6-3 — aspect ratio information

aspect_rafio_information S r}?,fis pect DAR

0000
0001 1A
0010
0011
0100
0101

1111
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display horizontal size
display vertical size

SAR = DAR x
frame rate code — This is a four-bit integer used to define frame rate value as shown in Table 6-4. frame rate may be
derived from frame rate_value, frame rate extension n and frame rate extension d as follows:

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

When an entry for the frame rate exists directly in Table 6-4, frame rate extension n and frame rate extension d shall
be zero. (frame rate extension n + 1) and (frame_rate extension d + 1) shall not have a common divisor greater than
one.

Table 6-4 — frame_rate_value

frame rate code frame rate value

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

1111
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Verifier, see Annex C) buffer needed to decode the sequence

B=16*1024*

where B 1s the mininmum VBV buffer size in bits required to «

constrained_parameters flag — This flag (used in ISO/IE
have the value '0".

load_intra_quantiser matrix — See 6.3.11 "Quant matrix e:
intra_quantiser matrix — See 6.3.11 "Quant matrix extensi
load non_intra_quantiser matrix — See 6.3.11 "Quant ma’

non_intra_quantiser_matrix — See 6.3.11 "Quant matrix ex

6.3.4 Extension and user data

extension_start code — The extension_start code is the bit string '000001BS5' in hexadecimal. Tt identifies the beginning
of extensions beyond ISO/TEC 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. User data is 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.

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

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

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

bit rate extension — This 12-bit integer is the 12 most significant bits from bit _rate.

vbv_buffer size extemsion — This 8-bit integer is the 8 most significant bits from vbv_buffer size.
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re-ordering delay is not present m the VBV description and that the bitstream may contam "big pictures”, 1.e. that C.7 of
the VBV may apply.

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

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

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

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

6.3.6 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

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

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

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

transfer_characteristics — This 8-bit integer describes the opto-electronic transfer characteristic of the source picture,

and is defined in Table 6-8.
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8-255 Reserved
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ix coefficients used in deriving luminance and chrominance
1in Table 6-9.
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Y=(219%Ey)+16
Cb=(224*FE'pg)+128
Cr=(224*E'pp)+ 128

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

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

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

the appropriate values for the colorimetry parameters.
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6.3.7 Sequence scalable extension

It is a syntactic restriction that if a sequence scalable ¢
sequence extension(), then sequence scalable extension() s
Thus a bitstream is either scalable or it is not scalable. It is 1
sequence.

scalable mode — The scalable mode indicates the ty
sequence_scalable extension() is present in the bitstream, t
also indicates the macroblock type tables to be use
picture spatial scalable extension() is present for a given
manner (i.e. as if sequence scalable extension() had not beei

Table 6-10 — Definiti

scalable mode Meaning pict
sequence_scalable extension() not present B2, 15-3 aNa B5-4
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 hence layer id.
except i the case of data partitioning. Each successive layer has a layer id which is one greater than the layer for which
it is an enhancement.

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

lower layer prediction_horizontal size — This is a 14-bit integer indicating the horizontal size of the lower layer
frame which is used for prediction. This shall contain the value contained in horizontal size (horizontal size value and
horizontal size extension) in the lower layer bitstream.

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

vertical _size extension) in the lower layer bitstream.

horizontal subsampling factor m — This affects the spatial scalable upsampling process, as defined in 7.7.2. The
value zero is forbidden.

horizontal subsampling factor n — This affects the spatial scalable upsampling process, as defined in 7.7.2. The value
zero is forbidden.

vertical subsampling factor m — This affects the spatial scalable upsampling process, as defined in 7.7.2. The value

zero 1s forbidden.
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allow correct re-multiplexing of base and enhancement layers for display. It also assists in re-nmltiplexing 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" (see Bibliography.
Annex F). 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 as 30 Hz. If it is '1' 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 Range
drop frame flag
time_code_hours 0-23
time_code_minutes 0-59
marker_bit 1
time code seconds 0-59
time code_pictures 0-59

closed_gop — This is a one-bit flag which indicates the natu
(if any) immediately following the first coded I-frame follow:

closed gop is set to '1' to indicate that these B-pictures have been encoded using only backward prediction or intra
coding.

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

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

A decoder may use this flag to avoid displaying frames that cannot be correctly decoded.
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1he 1ollowing more general speciiication applies when low_delay 1s 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 buffer and if N is the temporal reference of picture A, then the temporal reference of picture B immediately
followmg 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)% 1024 if picture B is a frame picture or is the first field of a pair of field pictures.

e Nifpicture 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:

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

¢ (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 o
001
010
011
100

101
110
111
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buffer and the total end-to-end dellay. Therefore, the value encoded in V'bx':delay (the decoder buffer delay of the picture
start code) is calculated as the total delay less the delay of the corresponding picture start code in the encoder buffer
measured in periods of a 90 kHz clock derived from the 27 MHz system clock.

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

vbv_delay, =90 000 * B," /R

where:
n>0
B,"= VBV occupancy, measured in bits, immediately before removing picture 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 bitrate (i.e. to full accuracy rather than the quantised value given by bit rate in the

sequence header).

An equivalent method of calculating vbv_delay for variable bitrate streams can be derived from the equation in C.3.1.
This will be in the form of a recurrence relation for the vbv_delay given the previous vbv_delay. the decoding times of
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 bitrate of the transfer of the picture data of the previous picture is known.

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

forward f code — This 3 bit string (which is used m 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/TEC 11172-2) is not used by this Specification. It shall have
the value '111".

extra_bit_picture — A bit indicates the presence of the following extra information. If extra bit picture is set to 'l',
extra_information picture will follow it. If it is set to '0', there are no data following it. exira bit_picture shall be set to
'0", the value '1" is reserved for possible future extensions defined by ITU-T | ISO/IEC.

extra_information picture — Reserved. A decoder conforming to this Specification that encounters
extra_information picture in a bitstream shall ignore it (i.e. remove from the bitstream and discard). A bitstream
conforming to this Specification shall not contain this syntax element.

6.3.10  Picture coding extension

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

In an I-picture in which concealment motion vectors is zero £ code[s][t] is not used (since motion vectors are not used)

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

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

o { code[0][0]. f code[O][1];

o f code[1][0]. f code[1][1];

e intra_dc precision, concealment motion vectors, q_scale type;
e ntra_vle 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.

If progressive_sequence is equal to '0', this flag indicates what field of a reconstructed frame is output first by the
decoding process.

In a field picture top field first shall have the value '0', and the only field output by the decoding process is the decoded
field picture.

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

If progressive _sequence is equal to '1', this flag, combined with repeat_first field, indicates how many times (one, two or
three) the reconstructed frame is output by the decoding process.

If repeat first field is set to 0, top field first shall be set to '0'. In this case the output of the decoding process
corresponding to this reconstructed frame consists of one progressive frame.

If top_field first is set to 0 and repeat_first field is set to 'l', the output of the decoding process corresponding to this

reconstructed frame consists of two identical progressive frames.
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repeat_first field — This flag is applicable only in a frame picture; in a field picture it shall be set to zero and does not
affect the decoding process.

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

If progressive_sequence is equal to 0 and progressive frame is equal to 1:
If thus flag 1s 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.

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 the up-sampling process used in forming a prediction in the enhancement layer from the lower layer.

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

The information relates to the picture that immediately follows the extension. In the case that this picture is a frame
picture, the information relates to the first field of that frame. The equivalent information for the second field may be
derived (there is no way to represent it in the bitstream).
NOTE 1 — The various syntactic elements that are included in the bitstream if composite display flag is '1' are not used in the
decoding process.

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

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

field sequence — A 3-bit integer which defines the number of the field in the eight field sequence used in PAL systems
or the four field sequence used in NTSC systems as defined in the Table 6-15.
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sub_carrier — This is a 1-bit infteger. Set to 0 means the sut

the relationship is not correct.

burst_amplitude — This is a 7-bit integer defining the burst
sub-carrier burst is quantised as a Recommendation ITU-R B

sub_carrier phase — This is an 8-bit integer defining the p
datum with respect, to field start as defined in Recommendat:

Table 6-16 — Definitior

sub_carrier_phase

0

1

255

([360° = 256] * 255)

6.3.11 Quant matrix extension

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

quant_matrix_extension().

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

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

The default matrix for intra blocks (both luminance and chrominance) is:
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16 16 16 16 16 16 16 16

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 1s no change in the values that shall be used.

intra_quantiser matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in the default
zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8 (values 1 to 7
and 9 to 255 are reserved). For all of the 8-bit unsigned integers, the value zero is forbidden. With 4:2:2 and 4:4:4 data
the new values shall be used for both the luminance intra matrix and the chrominance intra matrix. However, the
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 '1' if chroma intra quantiser matrix
follows. If it is set to '0' then there is no change in the values that shall be used. If chroma format is "4:2:0", this flag
shall take the value '0".

chroma_intra_quantiser matrix — This is a list of sixty-four 8-bit unsigned mtegers. 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 and 9 to 255 are reserved). For all of the 8-bit unsigned integers, the value zero is forbidden.

load chroma non intra quantiser matrix - This is a one-bit flag which 1s set to '1' if
chroma non intra_quantiser matrix follows. If it is set to '0' then there is no change in the values that shall be used. If
chroma_format is "4:2:0", this flag shall take the value '0".

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

6.3.12  Picture display extension

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

The picture display extension allows the position ¢
sequence_display_extension() to be moved on a picture-by-
of pan-scan.

frame centre horizontal offset — This is a 16-bit signed i

A positive value shall indicate that the centre of the recon
rectangle.
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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 6-16 illustrates the picture display parameters. As shown, the frame centre offsets contained in the
picture display extension() shall specify the position of the centre of the reconstructed frame from the centre of the
display rectangle.

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

NOTE 2 — Bven in a field picture the frame centre vertical offset still represents the offset of the centre of the frame in 1/16% of a
frame line (not a line in the field).

NOTE 3 — In the example of Figure 6-16 both frame centre horizontal offset and frame centre vertical offset have negative

values.

6.3.12.1 Pan-scan

The frame centre offsets may be used to implement pan-sc
pamned around the entire reconstructed frame.

By way of example only; this facility may be used to identi
This would allow a decoder to produce usable pictures fo
format intended for enhanced definition. The 3/4 aspect rati
of the picture.

The 3/4 region is defined by display horizontal size and
horizontal size and vertical size.
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ntre offset parameters

reference frames or reference fields for prediction depending

value which indicates temporal reference of the lower layer

e 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 bats,
all bits are encoded here and the more significant bits shall be set to zero.

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 baits, all bits
are encoded here and the more significant bits shall be set to zero.

lower layer horizontal offset — This 15 bit signed (twos complement) integer specifies the horizontal offset (of the top
left hand comer) 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 mumber.

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

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

lower layer progressive frame — This flag shall be set to 0 if the lower layer frame is interlaced and shall be set to '1'
if the lower layer frame is progressive. The use of this flag in the spatial scalable upsampling process is defined n 7.7.
lower layer deinterlaced field select — This flag affects the spatial scalable upsampling process, as defined in 7.7.
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original_or_copy — This is a one bit flag. It is set to '1' to indicate that the material is an original, and set to '0' to indicate
that it is a copy.

reserved — 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 number 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 wvalue 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.

6.3.16  Slice

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

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

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

The macroblock row may be calculated as follows:

if ( vertical size > 2800)
mb_row = (slice_vertical position extension << 7) + slice_vertical position —1;
else
mb_row = slice vertical position—1;

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

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

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

slice extension flag — This flag shall be set to '1' to indicate the presence of mtra slice slice picture id enable,

slice_picture_id in the bitstream.
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slice_picture id enable is not used by the decoding process.

slice_picture id — This is a 6-bit integer. If slice picture id enable is set to '0', slice picture id is not used by this
Specification and shall have the value zero. If slice_picture_id enable is set to '1", slice_picture_id is application 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_picture id is not used by the decoding process. slice picture id is intended to aid recovery on severe bursts of
errors for certain types of applications. For example, the application may increment slice picture id with each
transmitted picture, so that in case of severe burst error, when several slices are lost, the decoder can know if 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 slice — 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/TEC.

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.

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

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

previous_macroblock address = (mb_row * mb_width) —1

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

mb_column = macroblock address % mb_width

where mb_width is the number of macroblocks in one row of the picture.
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macroblock type — Variable length coded indicator which indicates the method of coding and content of the
macroblock according to the Tables B.2 through B.8, selected by picture coding type and scalable_mode.

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

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

macroblock intra — Dernived from macroblock type according to the 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.

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 flagis'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 — Meaning of frame motion_type

spatial_temporal o motion_vector e
Code " welght class Prediction type _count mv_format dmv
00 Reserved
01 0,1 Field-based 2 Field 0
01 2,3 Field-based 1 Field 0
10 0,1,2,3 Frame-based 1 Frame 0
11 0,23 Dual-Prime 1 Field 1

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

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

field motion_type — This is a two bit code indicating the macroblock prediction type, defined in Table 6-18.
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not present in the bitstream. In this case, motion vector decoding and update_ of the motion vector preTiictors shall be
performed as if field motion_type had indicated "Field-based" (see 7.6.3.9).

dct_type — This is a flag indicating whether the macroblock 1s frame DCT coded or field DCT coded. If this 1s set to '1',
the macroblock 1s field DCT coded.

In the case that det_type is not present in the bitstream, then the value of det_type (used in the remainder of the decoding
process) shall be derived as shown in Table 6-19.

Table 6-19 — Value of det_type if det type is not in the bitstream

Condition det_type
picture_structure == "field" Unused because there is no frame/field distinction in a
field picture.
frame pred frame det==1 0 (“frame")
!(macroblock_intra || macroblock pattern) Unused — Macroblock is not coded
macroblock is skipped Unused — Macroblock is not coded

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 the Tables 6-17 and 6-18.
mv_format indicates if the motion vector is a field-motion vector or a frame-motion vector. mv_format is used in the
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

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

motion_residual[r][s][t] — This is an integer which is used in motion vector decoding as described in 7.6.3.1. (See Table

7-7 for the meaning of the indices r, s and t.) The number of bits in the bitstream for motion_residual[r][s][t]. r_size, is
derived from f code[s][t] as follows:

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

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

block_count

6
8
12

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

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

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

vertical_angle of view — This is a 22-bit unsigned integer which specifies the vertical angle of the field of view as
determined between the top and bottom edges of the image device. Its value shall be measured to a resolution of 0,0001
degree and having a range of zero to 180 degrees.
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camera_position_z_upper.

camera direction x, camera direction y, camera direct
camera. The direction of the camera is defined by using the 1
of the camera and is on the optical axis of the camera. Each
and having a range of +2 097 151 to -2 097 152.

image plane vertical x, image plane vertical y, image
direction of the camera. The upper direction of the camera
edge of the image device and is from bottom edge to
complement) integer and is having a range of +2 097 151 to -

Figure 6-17 explains these terms pictorially.

image plane vertical

\ vertic
camera direction
. - I —1
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Figure 7-1 — Simplified Video Decoding Process

71 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 mtervals of
the frame period as shown in Figure 7-19.

If progressive sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall be output
from the decoding process at regular intervals of the field period as shown in Figure 7-20. In the case that a frame picture

has repeat first field == 1 the fust field of the frame shall be repeated after the second field. (See "repeat first field"
in 6.3.10.)
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The predictors shall be reset to the reset value at the followin

e At the start of a slice.

e Whenever a non-intra macroblock is decoded.

e  Whenever a macroblock is skipped. i.e. when
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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
intra_dc_precision Bits of ¢
0 13
1 ¢
2 1
3 1




mtra_vic_iormat v 1

intra blocks B.14 B.15
(macroblock intra=1)
non-intra blocks B.14 B.14

(macroblock_intra = 0)

7.2.2.2 First coefficient of a non-intra block

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

This modification only affects the entry that represents run = 0, level = + 1. Since it is not possible to encode an End of
block as the first coefficient of a block (the block would be "not coded" in this case) no possibility for ambiguity exists.
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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=10; v< 8, v++)
for (u=0; u < 8; ut+)

QOF|v][u] = OFS|scan|alternate_scan][v][«]]
NOTE — The scan patterns defined here are often referred to as "zigzag scanning order".
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When the quantisation matrices are downloaded they are encoded in the bitstream in a scan order that is converted into

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

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

Let W{w][v][u] denote the weighting matrix in the inverse quantiser (see 7.4.2.1), and W'[w][n] denote the matrix as it is

encoded in the bitstream. The matrix download shall then be equivalent to the following:

for (v=0;v< 8 v++)
for (1= 0; u < 8; ut+)

Ww]v][u] = Wlw]lscan[O][v][u]]
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T4.2 Other coefficients
All coefficients other than the DC coefficient of an intra block shall be inverse quantised as specified in this subclause.
T7.4.2.1 Weighting matrices

When 4:2:0 data is used two weighting matrices are used. One shall be used for intra macroblocks and the other for non-
intra macroblocks. When 4:2:2 or 4:4:4 data is used, four matrices are used allowing different matrices to be used for
luminance and chrominance data. Each matrix has a default set of values which may be overwritten by down-loading a
user defined matrix as explained in 6.2.3.2.
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th code, quantiser scale code. This indicates the appropriate
c.

cates which of two mappings between quantiser scale code
ppings between quantiser _scale code and quantiser scale.

wct F"[v][u] from QF[v][u] (for all coefficients except intra

t«"le[uJ = ((Z % Ql—« lvj l‘uJ 4+ K) % \U'rﬂﬂrw-lrn-l v Amantizar crala /27

where:

k = { 0
Sign(QF[V][u]
NOTE — The above equation uses the "/" operator as defined in

7.4.3 Saturation

The coefficients resulting from the Inverse Quantisation Aritl

2047
Fv]u] =< F'v][u] -
2048 r |V]IU] < —Zu40

T.4.4 Mismatch control
Mismatch control shall be performed by any process equivalent to the following. Firstly all of the reconstructed,
saturated coefficients, F'[v][u] in the block shall be summed. This value is then tested to determine whether it is odd or

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

v<8 u<8

sum = Z Z F[v][u]

v=0u=0
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sum - sum + F'v][u];

J}“IV][H] = Fv][ul:

if ((sum & 1) ==10) {
if ((FT7]7] & 1) 1= 0) {

F77I=F177] - 1
} else {

AT =FI7[7]+ 1:

7.5 Inverse DCT

Once the DCT coefficients, F[v][u] are reconstructed, an IDi
shall be applied to obtain the inverse transformed values f]y]| _

751 Non-coded blocks and skipped macroblocks

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

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

7.6 Motion compensation
The motion compensation process forms predictions from previously decoded pictures which are combined with the

coefficient data (from the output of the IDCT) in order to recover the final decoded samples. Figure 7-5 shows a
simplified diagram of this process.
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7.6.1 Prediction modes
There are two major classifications of the prediction mode:
—  field prediction; and
—  frame prediction.
In field prediction, predictions are made independently for each field by using data from one or more previously decoded
fields. Frame prediction forms a prediction for the frame from one or more previously decoded frames. It must be

understood that the fields and frames from which predictions are made may themselves have been decoded as either field
pictures or frame pictures.
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from this information. These are used to form predictions from two reference fields (one top, one bottom)
which are averaged to form the final prediction. In the case of frame pictures this process is repeated 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 selection of which fields and frames shall be used to form predictions shall be made as detailed in this clause.

7.6.2.1 Field prediction

In P-pictures, the two reference fields from which predictions shall made are the most recently decoded reference top
field and the most recently decoded reference bottomn field. The simplest case illustrated in Figure 7-6 shall be used when
predicting the first picture of a coded frame or when using field prediction within a frame-picture. In these cases the two
reference fields are part of the same reconstructed frame.

NOTE 1 — The reference fields mav themselves have been reconstructed from two field-pictures or a sinsle frame-picture.
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(Not yet decoded)

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

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

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

p————— — p————— —
Top { 1 { | Top
Reference 1 1 Reference
Cinld H 1 V 1 H — 1
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Possible Possible T1516190-94/d27
Intervening Intervening
B-pictures B-pictures
(Already decoded) (Not yet decoded)

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

7.6.3 Motion vectors

Motion vectors are coded differentially with respect to previously decoded motion vectors in order to reduce the number
of bits required to represent them. In order to decode the motion vectors the decoder shall maintain four motion vector
predictors (each with a horizontal and vertical component) denoted PMV|r][s][f]. For each prediction, a motion vector,
vector'[r|[s][{] 1s first derived. This is then scaled depending on the sampling structure (4:2:0, 4:2:2 or 4:4:4) to give a
motion vector, vector{r][s][f]. for each colour component. The meanings associated with the dimensions in this array are
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)+ motion residual[r][s][t] + 1;

e_structure == "Frame picture") )

. Ire_structure == "Frame picture") )

- PMVIA[sI[] = vector TAIsI[A * 2:

else
PMV[r][s]lf] = vectorTr|[s][]:

The parameters in the bitstream shall be such that the recons
[low:high]. In addition the reconstructed motion vector, w
predictor PMV[r][s][¢]. shall also lie in the range [low : high]

¥ _size, f. delta, high, low and range are temporary variables t

motion code[r][s][t] and motion residual[r][s][t] are fields
the bitstream using Tables 6-17 and 6-18.

r, 5 and f specify the particular motion vector component beit
vector[r][s][f] is the final reconstructed motion vector for the

The vector'[r][s][t] value considered in this subclause is the
prime, this restriction that vector'[r][s][t] shall be in the ras
vector'[2:3][0][0:1] defined in 7.6.3.6. Other restrictions on
are specified in 7.6.3.8 and 8.3.

7.6.3.2 Motion vector restrictions

In frame pictures, the vertical component of field motion ve«
that is supported by the f code that relates to those moti
predictors will always have values that are appropriate f
summarises the size of motion vectors that may be coded as ¢

7.6.3.3 TUpdating motion vector predictors

Ongce all of the motion vectors present in the macroblock h
clause it is sometimes necessary to update other motion v
fewer than the maximum possible number of motion vectors
in the picture must retain "sensible” values in case they are st
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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: 12047.5]
10-14 (Reserved)

15 (Used when a particular f code[s][r] will not be used)

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

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

Field-based 1 0
Field-based 0 1
Dual prime 1 0

3 frame motion_type is not present in the bitstream but
b)  If concealment motion_vectors is zero then PMV[r][:
9 (Only occurs in P-picture) PMV[r][s][t] is set to zero (
NOTE — PMWr][s][1:0] = PMV u][v][1:0] means that:
PMVTr][s][1] = PMV]u][v][1] and PMVTr][s][0] =
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16 x 8 MC 1 1
16 x 8 MC 1 0
16 x 8 MC 0 1
Dual prime 1 0

)

2) frame motion_type is not present in the bitstream but
b If concealment_motion_vectors is zero then PMVr][:
(Only occurs in P-picture) PMV[r][s][f] is set to zero (.
NOTE - PMWr][s][1:0] = PMV u][v][1:0] means that:

PMVr][s][1] = PMV]u][v][1] and PMVTr][s][0] =

7.6.3.4 Resetting motion vector predictors

All motion vector predictors shall be reset to zero in the follo

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 macroblock is decoded in which macroblock motion forward is zero.

In a P-picture when a macroblock is skipped.

7.6.3.5 Prediction in P-pictures

In P-pictures, in the case that macroblock_motion_forward is zero and macroblock_intra is also zero no motion vectors
are encoded for the macroblock yet a prediction must be formed. If this occurs in a P-field picture the following apply:

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

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

If this occurs in a P-frame picture the following apply:

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

the motion vector predictors shall be reset to z

In the case that a P-field picture is used as the second field ¢
of semantic restrictions apply. These ensure that prediction is

76

There shall be no macroblocks that a

macroblock_intra zero.
Dual prime prediction shall not be used.

Field prediction in which motion_ vertical
predicted shall not be used.

There shall be no skipped macroblocks.
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The motion vector (or motion vectors) used for predictions o
vector[r][0][0] = ((vector[0][0][0] * m[parity_ref]
vectorr][0][1] = ((vector [0][0][1] * m[parity_ref]

In the case of field pictures only one such motion vector is
used for the same parity prediction is vector[0][0][1:0] and
vector[2][0][1:0].

In the case of frame pictures two such motion vectors
(vector10][0][1:0]) for predictions of the same parity. Th
prediction and the bottom field shall use vecfor[3][0][1:0] fo

7.6.3.7 Motion vectors for chrominance components

The motion vectors calculated in the previous clauses refer tc
vector[r][s][f] = vectorr][s][f] (forall., - wuu o,
For each of the two chrominance components the motion vectors shall be scaled as follows:
4:2:0 Both the horizontal and vertical components of the motion vector are scaled by dividing by two:
vector{r]|[s][0] = vectorr|[s][0] / 2;
vector[r][s][1] = vectorTr][s][1] / 2:

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

vector|r]|[s][0] = vector|r|[s][0] / 2:
vector[r|[s][1] = vectorr][s][1]:
4:4:4 The motion vector is unmodified:
vector{r]|[s][0] = vector[r][s][0]:
vector[r|[s][1] = vectorTr][s][1]:

7.6.3.8 Semantic restrictions concerning predictions

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

7.6.3.9 Concealment motion vectors

Concealment motion vectors are motion vectors that may be carried by intra macroblocks for the purpose of concealing
errors if data errors preclude decoding the coefficient data. A concealment motion vector shall be present for all intra
macroblocks if (and only if) concealment motion vectors (in the picture coding extension() ) has the value one.
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e  For all macroblocks except those in the bottom row of macroblocks concealment motion vectors should be
appropriate for use in the macroblock that lies vertically below the macroblock in which the motion vector
occurs.

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

e  For all macroblocks in the bottom row of macroblocks the reconstructed concealment motion vectors will

not be used. Therefore the motion vector (0;0) may be used to reduce unnecessary overhead.

T.6.4 Forming predictions

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

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

A positive value of the vertical component of a motion vector indicates that the prediction 1s made from samples (in the
reference field/frame) that lie below the samples being predicted.

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

In the case of field-based predictions it is necessary to determine which of the two available fields to use to form the
prediction. In the case of dual-prime this is specified in that a motion vector is derived for both of the fields and a
prediction is formed from each. In the case of field-based prediction and 16 x 8 MC an additional bit,
motion vertical field select, is encoded to indicate which field to use.

If motion vertical field select is zero, then the prediction is taken from the top reference field.

If motion vertical field select is one, then the prediction is taken from the bottom reference field.

For each prediction block the integer sample motion vectors int vec[t] and the half sample flags half flag[t] shall be
formed as follows;
for (=0 t<2: t4+) {
int_vec[t] = vector{r|[s][f] DIV 2:

e .orAar A e - AL oA
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ures and Table 7-14 shows the predictions used in frame
the bitstream are listed in the order in which they appear in

notion vectors in field pictures

Motion vector Prediction formed for

ctor'T0][0][1:0]?) None (motion vector is for concealment)
«etor0][0][1:0] Whole field, forward
[
[

etorTO][1][1:0] Whole field, backward
«ctor'T0][0][1:0] Whole field, forward

i L b bt bt

b)  The motion vector is only present if concealment_motior
9 These motion vectors are not present in the bitstream.

9 The motion vector is taken to be (0; 0) as explained in 7.¢
®  These motion vectors are derived from vectorT0][0][1:0]
NOTE — Motion vectors are listed in the order they appear in th
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3) frame motion type is not present in the bitstream but is
B The motion vector is only present if concealment_motior
9 These motion vectors are not present in the bitstream.

9 The motion vector is taken to be (0; 0) as explained in 7.€
€ These motion vectors are derived from vectorT0][0][1:0]
NOTE — Motion vectors are listed in the order they appear in th

7.6.6 Skipped macroblocks

A skipped macroblock is a macroblock for which no data is
slice, if the number (macroblock address - previous mact

indicates the number of macroblocks that have been sk
macroblocks which shall then be used as the final decoded sa

The handling of skipped macroblocks is different between . .. . . L i el pecc s
between field pictures and frame pictures.

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

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

7.6.6.1 P field picture
e  the prediction shall be made as if field motion_type is "Field-based";
e  the prediction shall be made from the field of the same parity as the field being predicted;
e motion vector predictors shall be reset to zero:

e  the motion vector shall be zero.
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®  INOTION Veclor Prediciors are UNArected;
e  the motion vectors are taken from the appropriate motion vector predictors. Scaling of the motion vectors
for colour components shall be performed as described in 7.6.3.7.
7.6.6.4 B frame picture
e  the prediction shall be made as if frame motion type is "Frame-based";

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

e motion vector predictors are unaffected:

the motion vectors are taken directly from the appropriate motion vector predictors. Scaling of the motion
vectors for colour components shall be performed as described in 7.6.3.7.

T.6.7 Combining predictions
The final stage is to combine the various predictions together in order to form the final prediction blocks.

Tt is also necessary to organise the data into blocks that are either field organised or frame organised in order to be added
directly to the decoded coefficients.

The transform data is either field organised or frame organised as specified by det_type.

7.6.7.1 Simple frame predictions

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

pel_pred[y][x] = (pel_pred forward[y][x] + pel pred backward[y][x])//2

The predictions for chrominance components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8 lines,
8 samples by 16 lines and 16 samples by 16 lines respectively.

7.6.7.2 Simple field predictions

In the case of simple field predictions (i.e. neither 16 x 8 or dual prime) the only further processing that may be required
1s to average forward and backward predictions in B-pictures. This shall be performed as specified for "Frame
predictions" in the previous subclause.

In the case of simple field prediction in a frame picture the predictions for chrominance components of 4:2:0, 4:2:2
and 4:4:4 formats for each field shall be of size § 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 % 8 region, of 4:2:0, 4:2:2 and 4:4:4 formats shall be of

size § samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines respectively.
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qués by 16 lines and 16 samples by 16 lines respectively.

into blocks of prediction samples p[y][x] which match the

ita and saturated to form the final decoded samples d[y][x] as

for prediction from the lower layer. See 7.7.3.1 for how to identify this reference frame.

172 Prediction in the enhancement layer

A motion compensated temporal prediction 1s made from reference frames in the enhancement layer as described in 7.6.
In addition, a spatial prediction is formed from the lower layer decoded frame (djgye ] ¥1[x]), as described in 7.7.3. These
predictions are selected individually or combined to form the actual prediction.

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

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

plyl=]
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Figure 7-13 — Simplified motion co

T1.3 Formation of spatial prediction

Forming the spatial prediction requires identification of the correct reference frame and definition of the spatial
resampling process, which is done in the following subclauses.

The resampling process is defined for a whole frame, however, for decoding of a macroblock. only the 16 x 16 region in
the upsampled frame, which corresponds to the position of this macroblock, is needed.

7.7.3.1 Selection of reference frame

The spatial prediction is made from the reconstructed frame of the lower layer referenced by the
lower layer temporal reference. However, if lower and enhancement layer bitstreams are embedded in ITU-T
Rec. H.220.0 | ISO/IEC 13818-1 (Systems) multiplex, this mformation is overridden by the timing mformation given by
the decoding time stamps (DTS) in the PES headers.

NOTE — If group_of pictures header() occurs often in the lower layer bitstream, then the temporal reference in the lower layer
may be ambiguous (because temporal reference is reset after a group_of pictures_header()).
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lower_layer_prediction_horizontal_size *
honzontal_sub-sampling factor_n |
horizontal_sub-sampling_factor_m

‘tion by interpolation of the lower layer picture

the enhancement layer that lie wholly within the upsampled

layer reconstructed frame is interlaced or progressive, as
1e enhancement layer frame is interlaced or progressive, as

When lower layer progressive frame is 'l', the lower layer reconstructed frame (renamed to prog pic) is resampled
vertically as described in 7.7.3.4. The resulting frame is considered to be progressive if progressive frame is '1' and
interlaced if progressive frame is '0'. The resulting frame is resampled horizontally as described in 7.7.3.6.
lower layer deinterlaced field select shall have the value '1".

When lower layer progressive frame is '0' and progressive frame is '0', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog pic). This field is resampled vertically as
described in 7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is
subsampled to produce an interlaced field. lower layer deinterlaced field select shall have the value '1'.

When lower layer progressive frame is '0' and progressive frame is 'l', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fields 1s required. When

lower layer deinterlaced field select is '0" the top field is used, otherwise the bottom field is used. The one that is used
is resampled vertically as described in 7.7.3.5. The resulting frame is resampled horizontally as described in 7.7.3.6.
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take different values for luminance and chrominance resa
formats in the lower layer and the enhancement layer to be di

Table 7-16 defines the values for the variables used n 7.7.3.«

Table 7-16 — Local variabl

Variable Value for luminance process:
Il h size lower layer prediction_horizontal
1l v size lower_layer prediction vertical siz
11 h offset lower layer horizontal offset
Il v offset lower layer vertical offset
h subs m horizontal subsampling factor m
h subs n horizontal subsampling factor n
v_subs m vertical subsampling factor m
v_subs n vertical subsampling factor n
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7.7.3.4 Deinterlacing

If deinterlacing needs not to be done (according to Table
renamed to input_pic.

First, each lower layer field is padded with zeros to form a -
lower layer, and with the same number of lines and sample
filters to be applied next. The luminance component i
picture structure == "Frame-Picture" or else using the one
using the one field aperture filter.

Table 7-19 — Dei

Two t
Temporal Vertical Filter for first ficld
-1 -2 0 -1 0
-1 0 2 0
-1 0 -1 0
0 -1 8 8 8
0 0 16 16 16
0 1 8 8 8
1 -2 -1 0 0
1 0 2 0 0
1 +2 -1 0 0
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7.1.3.5 Vertical resampling

The frame subject to vertical resampling, prog pic, is resan
linear interpolation between the sample sites according to the

vert_pic[yy + 1l v offset][x] = (16 — phase)

where
vu+ 1 v offset = output sample co-ordinate
vyl = (yp*Vv_subs m)/v subs
v2 = yl+41 ifyl<ll v size
vyl otherwise
phase = (16* ((y, *v_subs m)% v subs 1

Samples which lie outside the lower layer reconstructed frame wnicn are requirea Tor upsampung are optamnea oy poraer
extension of the lower layer reconstructed frame.

NOTE — The calculation of phase assumes that the sample position in the enhancement layer at y, = 0 is spatially coincident with
the first sample position of the lower layer. It is recognised that this is an approximation for the chrominance component if the
chroma format == 4:2:0.

7.7.3.6 Horizontal resampling

The frame subject to horizontal resampling, vert pic, is resampled to the enhancement layer horizontal sampling grid
using linear interpolation between the sample sites according to the following formula, where hor pic is the resulting
field:

hor pic[y][x, + 11 h offset] = ((16 — phase) * vert_pic[y][x1] + phase * vert_pic[y][x2]) // 256
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If reinterlacing needs not to be done, the result of the resampling process, hor_pic, is renamed to spat_pred pic.

If hor pic was derived from the top field of a lower layer interlaced frame, the even lines of hor pic are copied to the
even lines of spat_pred pic.

If hor_pic was derived from the bottom field of a lower layer interlaced frame the odd lines of hor_pic are copied to the
odd lines of spat_pred pic.

Ifhor pic was derived from a lower layer progressive frame, hor pic is copied to spat_pred pic.

T.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 mdicates that the top field is spatial-only prediction;

—  Class 3 indicates that the bottom field is spatial-only prediction;
—  Class 4 indicates spatial-only prediction.

In intra pictures, if spatial_temporal weight class is 0, normal intra coding is performed, otherwise the prediction
is spatial-only. In predicted and interpolated pictures, if the spatial temporal weight class is 0, prediction is
temporal-only, if the spatial temporal weight class is 4, prediction is spatial-only. otherwise one or a pair of prediction
weights is used to combine the spatial and temporal predictions.

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

Table 7-20 — Intended (allowed) spatial temporal weight code_table index values

Enhancement layer | spatial temporal weight
Lower layer format format code_table_index
Progressive or interlaced Progressive 00
Progressive coincident with enhancement layer top | Interlaced 10 (00; 01; 11)
fields
Progressive coincident with enhancement layer from | Interlaced 01 (00; 10; 11)
bottom fields
Interlaced (picture_structure == Frame-Picture) Interlaced 00 or 11 (01; 10)
Interlaced (picture_structure != Frame-Picture) Interlaced 00

In macroblock modes(). a two bit code, spatial temporal weight code, is used to describe the prediction for each field
(or frame), as shown in the Table 7-21. In this table spatial temporal integer weight identifies those
spatial_temporal weight codes that can also be used with dual prime prediction (see Tables 7-22, 7-23).
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When the spatial _temporal weight combination is given in the form (a; b), "a" gives the proportion of the prediction for
the top field which is derived from the spatial prediction and "b" gives the proportion of the prediction for the bottom
field which is derived from the spatial prediction for that field.

When the spatial temporal weight is given in the form (a). "a" gives the proportion of the prediction for the picture
which is derived from the spatial prediction for that picture.

The precise method for predictor calculation 1s as follows:

pel_pred temp[y][x] is used to denote the temporal prediction (formed within the enhancement layer) as defined for
pel_pred[y][x] in 7.6. pel_pred spat[y][x] is used to denote the prediction formed from the lower layer by extracting the
appropriate samples, co-located with the current macroblock position, from spat pred pic.

If the spatial _temporal weight is zero, then no prediction is made from the lower layer. Therefore:
pel_pred[y][x] = pel pred temp[y][x]:
If the spatial temporal weight is one, then no prediction is made from the enhancement layer. Therefore:

pel_pred[y][x] = pel_pred_spat[y][x].

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 i1s used for the bottom field chrominance lines.

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

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

103



class

Predictors to update

:0] = PMP]0][0][ 1:0]")

:0] = PMP{0][0][1:0]
0] = PMV]O][1][1:0]

:0] = PMPI0][0][1:0]

0] = PMPO][1][1:0]

=09
16 X 8 MC 1lofo 0,1 (None)
16 x 8 MC ol1]o 0,1 (None)
Dual prime 1]lofo 0 PMV[L][0][1:0] = PMV]0][0][ 1:0]

a) field motion_type is not present in the bitstream but is assumed to be Field-based.
) If concealment_motion_vectors is zero then PMV[r][s][f] is sct to zero (for all 7, s and ).
9 PMV[r][s][f] is set to zero (for all r, s and 7). See 7.6.3.4.
NOTE - PMV[r][s][L:0] = PM¥[u][v][1:0] means that:
PMVIr|[s][1] = PMV[u][¥][1] and PMPr][s][0] = PMVTu][v][0]

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

e Ina B-picture when a macroblock is purely spatially predicted (spatial temporal weight class ==4)

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

ZE10.

If sequence scalable extension is present and scalable mode = "spatial scalability", the following rules apply in addition
to those given in 7.6.6.

NOTE — In case of spatial temporal weight class ==2 in a frame picture when field-based prediction is used, the
transmitted vector 1s applied for the botfom field (see Table 7-25). However this vector[0][s][1:0] is predicted
from PMV[0][s][1:0] . PMV[1][s][1:0] is then updated as shown in Table 7-23.
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:0] = PMPIO][1][1:0]
:0] = PMPI0][0][1:0]
:0] = PMPIO][1][1:0]
=09

:0] = PMV[0][0][1:0]
:0] = PMV[0][0][1:0]

:0] = PMPI0][1][1:0]
:0] = PMP10][1][1:0]
:0]=PMV10][0][1:0]
it is assumed to be Frame-based.

%) Dual prime can not be used when spatial_temporal_in
9 If concealment motion vectors is zero then PMVr]|
9 PMPr][s][f] is set to zero (for all r, s and 7). See 7.6.:
NOTE —PMV[r][s][1:0] = PM¥[u][v][1:0] means that:
PMVIr][s][1] = PMV[u][¥][1] and PMVTr][s][0] =

In I-pictures, skipped macroblocks are allowed. These are de
In P-pictures and B-pictures, the skipped macroblock is temp
In B-pictures a skipped macroblock shall not follow a spatial
179 VBYV buffer underflow in the lower layer

In the case of spaﬁal scalabili‘ry_. VBV buffer underflow iu we wwa YTl LAY CAUST PLUUISILS. 1105 1S UStause Ul
possible uncertainty in precisely which frames will be repeated by a particular decoder.

7.8 SNR scalability

See Figure 7-15.

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

SNR scalability defines a mechanism to refine the DCT coefficients encoded in another (lower) layer of a scalable
hierarchy. As illustrated mn Figure 7-15 data from two bitstreams is combined after the inverse quantisation processes by

adding the DCT coefficients. Until the data is combined, the decoding processes of the two layers are independent of one
another.
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The enhancement layer, derived from the second bitstream, contains mainly coded DCT coefficients and a small
overhead. The decoding process for this layer and the combination of the two layers are described in this subclause.

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

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

Semantics and decoding process described in this subclause include a mechanism for "chroma simuleast". 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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9 The motion vector is only present if concealment motion_vectors is one.
9 These motion vectors are not present in the bitstream.

€ The motion vector is taken to be (0; 0) as explained in 7.6.3.5.

9 These motion vectors are derived from vector[0][0][1:0] as described in 7.6.3.6.

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

It is inherent in SNR scalability that the two layers are very tightly coupled to one another. It is a requirement that
corresponding pictures in each layer shall be decoded at the same time as one another.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then two different

IDCT mismatch control schemes are being used in decoding. Care must be taken in the encoder to take account of this.
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ding process for SNR scalability

bitstream except for the values of bit_rate, vbv_buffer_size,
lon_intra_quantiser matrix and non_intra_quantiser matrix.
1antiser_matrix which shall be zero.
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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 chroma_format of the enhancement layer shall be higher or equal to the chroma format of the lower layer bitstream.

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

progressive_sequence =1

chroma_format = “4:2:0"
horizontal size extension =
vertical size extension =
bit rate extension =
vbv buffer size extension =
low_delay =

frame rate extension n =

o o o o o o O

frame rate extension d =
The sequence_extension() in the enhancement layer shall hav
Sequence display extension
This extension shall not be present as there is no separate dis
Sequence scalable extension
This extension shall be present with scalable mode = "SNR ¢
GOP header

This header shall be identical to the one in the lower layer bii

NOTE 1 — The GOP header must be present in each layer in o
frame.

Picture header

This header shall be identical to the one in the lower laye
selected independently.

Picture coding extension

This extension shall be identical to the one in the lower
alternate_scan. These can be selected independently.
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picture_structure = “Frame Picture"
top_field first =
frame pred frame dct =
concealment motion vectors =
intra_vle format =

repeat_first field =

= o o o = O

chroma 420 type =

—

progressive frame =
composite_display flag =0
The picture_coding_extension() in the enhancement layer she

For the lower layer q_scale_type and alternate _scan shall be
NOTE 2 — q _scale type and alternate_scan can be set independ

Quant matrix extension
This extension is optional. Semantics are described in 6.3.11

load_intra_quantiser matrix and load chroma intra_quantise
NOTE 3 — Only the non-intra matrices will be used in the subse

Picture display extension

This extension shall not be present.

NOTE 4 — There is no separate display process for the en
accomplished already by using the information conveyed by the

Slice header

Slices shall be coincident with those in the lower layer. The
the lower layer bitstream.

7.8.2 Macroblock

Subsequently the "current macroblock" denotes the currer
lower layer denotes the macroblock identified by having the same macroblock address as the current macroblock.

The decoding of the macroblock header information is done according to semantics in 6.3.17.

NOTE - Table B.8 which is used if scalable mode = = "SNR scalability" will never set the macroblock intra,
macroblock motion forward or macroblock motion backward flags, since a macroblock in the enhancement layer contains only
refinement data for the current macroblock of the lower layer.

However the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are relevant for the
combined decoding process of lower and enhancement layer following the inverse DCT as described n 7.8.3.5.

7.8.2.1 dct_type

The syntax element dct type may be present in none, one or both of the lower and enhancement layer
macroblock modes(), as indicated by the semantics in 6.3.17.

If det_type is present in the macroblock modes() in both layers it shall have identical values.
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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 quantised coefficients F"|gyer a0d F"ephance are added to form F" (see Figure 7-15).
F"jower 18 derived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.

F"enhance 15 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 Variable length decoding

In an enhancement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra block (as
indicated by macroblock intra = 0).

7.8.3.2 Inverse scan

Inverse scan shall be done exactly as defined in 7.3.

7.8.3.3 Inverse quantisation

In an enhancement layer block the inverse quantisation shall

In the case that the lower layer bitstream conforms to ISO/
quantisation arithmetic" used to derive F"igy]v][u] (see
(oddification) and saturation specified in ISO/IEC 11172-2.

7.8.3.4 Addition of coefficients from the two layers

Corresponding coefficients from the blocks of each layer sha

F'Iv|[ul = FigwalvI[u] +.

If chroma_simulcast = 1 is set only the luminance blocks are

For chrominance blocks the DC coefficient of the base layer 1s used as a prediction of the DC coethicient in
the coincident block in the enhancement layer, whereas the AC coefficients of the base layer are discarded and
AC coefficients of the enhancement layer form F" in Figure 7-14 according to the following formulae:

F'TOT[0] = F1ower[01[0] + F " enhancel 01[0]
F'v[u] = F" enhancelv][u). for all u, v exceptu=v=0

NOTE — Chroma sinmlcast blocks are inverse quantised like non-intra blocks and use the chrominance non-intra matrix.
Table 7-27 gives the index of the chrominance block whose DC coefficient (F"jg,,0,/0][0]) is to be used to predict the DC

coefficient in the coincident chrominance block of the enhancement layer (F" g nancel 01[0])-
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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.

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.

7.9.1 Higher syntactic structures

The two Dbitstream layers in this subclause are 1identified by their layer id, decoded from the
sequence scalable extension.

The two bitstreams shall have consecutive layer ids, with enhancement layer having layer id = idgypance and the lower
layer having layer id = idgpanee—1-

The syntax and semantics of enhancement layers are as defined in 6.2 and 6.3 respectively.

Semantic restrictions apply to several values in the headers and extensions of the enhancement layer as follows.
The lower layer shall conform to this Specification (and not to ISO/IEC 11172-2).

Sequence header

The values in this header can be different from the lower layer except for horizontal size value, vertical size value and
aspect_ratio_mformation.

Sequence extension

This extension shall be identical to the one in the lower layer except for values of profile and level indication,
bit_rate_extension, 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 progressive 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.
Sequence scalable extension

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

When progressive_sequence = 0 and mux_to_progressive_sequence = 0, top_field first and picture mux factor can be
selected.

When progressive sequence = 0 and mux_to_progressive_sequence = 1, top_field first shall contain a complement of
the value of top_field first of the lower layer but picture mux_factor shall be 1.

When progressive sequence = 1 and mux to progressive sequence = 1, top field first shall be zero but
picture mux_factor can be selected.

The combination of progressive_sequence = 1 and mux_to_progressive_sequence = 0 shall not occur.
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There is no restriction on GOP header (if present) to be the same as that for lower layer.
Picture header

There 1s no restriction on picture headers to be the same as in the lower layer.

Picture coding extension

The values in this extension can be different from the lower layer except for top field first,
concealment motion_vectors, and chroma 420 type and progressive frame. The top_field first shall be based on
progressive_sequence and mux to progressive sequence (see  sequence scalable extension above) and
concealment motion vectors shall be 0. Chroma 420 type shall be identical to the lower layer. Progressive frame shall
always have the same value as progressive sequence.
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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 breakpoint
indicates which syntax elements are placed in partition 0, which is the base partition (also called high priority partition).
The remainder of the bitstream is placed in partition 1 (which is also called low priority partition). Sequence, GOP, and
picture headers are redundantly copied in partition 1 to facilitate error recovery. The sequence end code is also
redundantly copied into partition 1. All fields in the redundant headers must be identical to the original ones. The only
extensions allowed (and required) in partition 1 are sequence extension(), picture coding extension() and
sequence scalable extension().

NOTE - The slice() syntax given in 6.2.4 is followed in both partitions up to (and including) the syntax element extra bit slice.

30.

-values and associated semantics

nents included in partition zero

tition 1. All slices in partition 1 shall have a

1re and slice() down to extra bit slice in slice().

macroblock syntax elements up to and including

acroblock syntax elements up to but not including
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eakpoint to see if the next item to be decoded is expected in

11 be decoded from partition 0.

point is set at 64 [one (run, level) pair].

T DC DCT

3 | EOB | coeff | coeff1 | ECB

T DC DCT

- | I | oo | wodf 1 coeff coeff 1 Partition 0
@
DCT DCT

coeff2 | coeff3 EC

Figure 7-17 — A segment from a bitstream with t
(one (run, level) pair). The two partitions are s
needs to switch b

7.11 Hybrid scalability

Hybrid scalability is the combination of two different types
are SNR scalability, spatial scalability and temporal scalab:
three bitstreams that have to be decoded. The layers to which

Table 7-31 — N

layer_id

0
1
2
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base layer

<spatial or temporal scalability>
enhancement layer 1

<spatial or temporal scalability>

enhancement layer 2

First decode the base layer, then decode the enhancement lay

7.12 Output of the decoding process

This subelause describes the output of the theoretical model
to this Specification.

The decoding process input is one or more coded video bi
generally multiplexed by the means of a system stream that a

The output of the decoding process is a series of fields or frames that are normally the input of a display process. The
order in which fields or frames are output by the decoding process is called the display order, and may be different from
the coded order (when B-pictures are used). The display process is responsible for the action of displaying the decoded
fields or frames on a display device. If the display device cannot display at the frame rate indicated in the bitstream, the
display process may perform frame rate conversion. This Specification does not describe a theoretical model of display
process nor the operation of the display process.

Since some of the syntax elements, such as progressive frame, may be needed by the display process, in this theoretical
model of the decoding process, all the syntactic elements that are decoded by the decoding process are output by the
decoding process and may be accessed by the display process.

When the progressive sequence is decoded (progressive sequence is equal to 1), the luminance and chrominance
samples of the reconstructed frames are output by decoding process in the form of progressive frames and the output rate
is the frame rate. Figure 7-18 illustrates this in the case of chroma format equals to 4:2:0.
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The same reconstructed frame is output one time if repeat f
repeat first field is equal to 1, depending on the value o
chroma_format equals to 4:2:0 and repeat_first field equals
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Figure 7-20 — progressi

It is a requirement on the bitstream that the fields at the ou
and bottom (note that the very first field of a sequence may be e1mer top or vomom).

If the reconstructed frame is interlaced (progressive frame is equal to 0). the luminance samples and chrominance
samples are output by the decoding process in the form of two consecutive fields. The first field output by the decoding
process is the top field or the bottom field of the reconstructed frame, depending on the value of top_field first.

Although all the samples of progressive frames represent the same instant in time, all the samples are not output at the
same time by the decoding process when the sequence is interlaced.

If the reconstructed frame is progressive (progressive frame is equal to 1), the luminance samples are output by the
decoding process in the form of two or three consecutive fields, depending on the value of repeat first field.

NOTE — The information that these fields originate from the same progressive frame in the bitstream is conveyed to the display

process.

All of the chrominance samples of the reconstructed progressive frame are output by the decoding process at the same
time as the first field of luminance samples. This is illustrated in Figures 7-21 and 7-22.

8 Profiles and levels

NOTE - In this Specification the word "profile" is used as d
"profile" and in particular it does not have the meaning that is d

Profiles and levels provide a means of defining subsets of tt
decoder capabilities required to decode a particular bitstrean
that is defined by this Specification. A level is a defined
Conformance tests will be carried out against defined profile:

The purpose of defining conformance points in the form
among different applications. Implementers of this Specifi

which correspond to those defined conformance regions. 1
bitstream interchange between applications of this Specificat:
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general, a decoder shall be deemed to be conformant to a given profile at a given level if it is able to properly decode all
allowed values of all syntactic elements as specified by that profile at that level. One exception to this rule exists i the
case of a Simple profile Main level decoder, which must also be able to decode Main profile, Low level bitstreams. A
bitstream shall be deemed to be conformant if it does not exceed the allowed range of allowed values and does not
include disallowed syntactic elements.

Attention is drawn to 5.4 which defines the convention for specifying a range of numbers. This is used throughout to
specify the range of values and parameters.

The profile and level indication in the sequence extension indicates the profile and level to which the bitstream
complies. The most significant bit of profile and level indication is called 'escape bit'. When the escape bit is set to
zero, the profile and level are derived from profile and level indication according to Tables 8-1, 8-2 and 8-3.
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hierarchy from the assignment of profile and level indication and profiles and levels are not necessarily subsets of

others.

Attention is drawn to Annex E. which describes in detail those parts of ISO/IEC 13818-2 that are used for a given profile
and level.

NOTE 1—0On 4:2:2 Profile: The ITU-T Rec. H.262 | ISO/IEC 13818-2 compression algorithm exploits temporal redundancy,
spatial redundancy, and human psycho-visual properties and is not a lossless algorithm. For sequences with substantial spatial and
temporal redundancies, or without many sharp lines/edges, the quality of the sequences obtained after decompression will be
higher than that obtained for sequences with lower redundancy, or with a large number of sharp lines/edges.

The 4:2:2 profile can provide higher video quality, better chroma resolution and allows a higher bit rate (at Main level, up to
50 Mbit/s) than MP@ML. It also provides the capability to encode all active lines of video.

Although it is not part of the hierarchy of profiles and levels, the 4:2:2 profile @ Main level decoder is required to decode all the
bit streams decodable by MP@ML decoders.
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