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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

committees established by the respective organization to deal with particular fields of technical

activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The procedures used to develop this document and those intended for its further mainten
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval critefia neede
ifferent types of document should be noted.
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Jaimed patent rights in respect thereof. As of the date of publication of this document, ISO and
pceived notice of (a) patent(s) which may be required to implement this document. H
mnplementers are cautioned that this may not represent the latestinformation, which may be
‘om the patent database available at www.iso.org/patents and https://patents.iec.ch. ISO and
ot be held responsible for identifying any or all such patent rights.
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Vorld Trade Organization (WTO) principles in the Technical Barriers to Trade
e www.iso.org/iso/foreword.html. In.the IEC, see www.iec.ch /understanding-standards.

W < @

—
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Introduction

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images.

This Recommendation | International Standard:
—  specifies extended decoding processes for converting compressed image data to reconstructed image data;

—  specifies an extended codestream syntax containing information for interpreting the compressed image
data;

—  specifies an extended file format;

—  SPECITIES a Container o Store Image metadata,
—  defines a standard set of image metadata;

—  provides guidance on extended encoding processes for converting source image data to compressed inage
data;

—  provides guidance on how to implement these processes in practice.

XViii Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology — JPEG 2000 image coding system: Extensions

Scope

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images.

This

2

The
cons
For (
publ
agre
apply
regis
a list

21

Recommendation | International Standard:

Normative references

following Recommendations and International Standards containsprovisions which, through reference in this
itute provisions of this Recommendation | International Standard: For dated references, only the edition cited ap
ndated references, the latest edition of the referenced documént (including any amendments) applies. At the tin
cation, the editions indicated were valid. All Recommendations and Standards are subject to revision, and part
ments based on this Recommendation | International” Standard are encouraged to investigate the possibili
ing the most recent edition of the Recommendationsand Standards listed below. Members of IEC and ISO mai
ters of currently valid International Standards, The Telecommunication Standardization Bureau of the ITU main
of currently valid ITU-T Recommendations.

Identical Recommendations‘Hnternational Standards

specifies extended decoding processes for converting compressed image data to reconstructed image

data;

specifies an extended codestream syntax containing information for interpreting the compressed image

data;

specifies an extended file format;

specifies a container to store image metadata;
defines a standard set of image metadata;

provides guidance on extended encoding processes for converting source\imége data to compressed image

data;
provides guidance on how to implement these processes in practice.

Recommendation ITWY-T* T.81 (1992) | ISO/IEC 10918-1:1994, Information technology — D
compression and coding of continuous-tone still images: Requirements and guidelines.

Recommendation . TTU-T T.82 (1993) | ISO/IEC 11544:1993, Information technology — G
representation of picture and audio information — Progressive bi-level image compression.

Recommendation ITU-T T.84 (1996) | ISO/IEC 10918-3:1997, Information technology — D
compriession and coding of continuous-tone still images: Extensions., including Rec. ITU-T
(1996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Information technology — D
compression and coding of continuous-tone still images: Extensions — Amendment 1: Provisions to
registration of new compression types and versions in the SPIFF header.

Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG

text,
lies.
ne of
es to
y of
htain
tains

gital
oded

gital
T.84
gital
[ low

000

image coding system: Core coding system

2.2
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Recommendation ITU-T T.805 | ISO/IEC 15444-6, Information technology — JPEG 2000 image coding

system: Compound image file format.

Recommendation ITU-T T.814 (2019) | ISO/IEC 15444-15:2019, Information technology — JPEG
image coding system: High-throughput JPEG 2000.

2000

Recommendation ITU-T T.832 (2019) | ISO/IEC 29199-2:2020, Information technology — JPEG XR image

coding system — Image coding specification.

Paired Recommendations | International Standards

Recommendation ITU-T H.273 (in force), Coding-independent code points for video signal
identification.
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ISO/IEC 23091-2: (in force), Information technology — Coding-independent code points: Part 2: Video.

2.3 Additional references

Recommendation ITU-T T.42 (2003), Continuous-tone colour representation method for facsimile.
Recommendation ITU-T T.45 (2000), Run-length Colour Encoding.

IEC 61966-2-1 (in force), Multimedia systems and equipment — Colour measurement and management:

Part 2-1: Colour management — Default RGB colour space — SRGB.

IEC 61966-2-2:2003, Multimedia systems and equipment — Colour measurement and management —
2-2: Colour management — Extended RGB colourspace — sSCRGB

Part

IETF RFC 1321 (1992), The MD5 Message-Digest Algorithm.
IETF RFC 2630 (1999), Cryptographic Message Syntax.

ISO 3166-1:2020, Codes for the representation of names of countries and their subdivisiohs — P4
Country codes.

ISO 3166-2:2020, Codes for the representation of names of countries and their,subdivisions — Pg
Country subdivision code.

ISO 10126-2:1991, Banking — Procedures for message encipherment/(wholesale) — Part 2:
algorithm.

1ISO 22028-2:2013, Photography and graphic technology — Extended-colour encodings for digital i
storage, manipulation and interchange — Part 2: Reference output medium metric RGB colour i
encoding (ROMM RGB).

ISO 15076-1:2010, Image technology colour managemeént™— Architecture, profile format and
structure — Part 1: Based on ICC.1:2010.

ISO/IEC 23001-1:2006, Information technology — MMBEG systems technologies — Part 1: Binary M
format for XML.

ISO/IEC 21122-1:2019, Information technology— JPEG XS low-latency lightweight image coding sy
— Part 1: Core coding system.

ISO/IEC 60559:2020, Information technotogy — Microprocessor Systems — Floating-Point arithmg

ANSI X9.30.2:1997, Public Key Cryptography using Irreversible Algorithms — Part 2: The Secure H
Algorithm (SHA-1).
https://infostore.saiglobal.com/én-us/standards/ANSI-X9-30-2-1997-1934 SAIG_ABA_ABA 5034

rt 2:

DEA

age
age

data

PEG

stem

i
ash

C.

#

Federal Information Processing Standard Publication (FIPS PUB) 186-4 (2013), Digital Signature
Standard (DSS).
https://nvlpubs.nist:gev/nistpubs/FIPS/NIST.FIPS.186-4.pdf

PIMA 7667:2001: Photography - Electronics still picture imaging - Extended sRGB color encd
e-sRGB.

https://wdw:imaging.org/ltemDetail ?iProductCode=PIMA7667-
2001&Category=DOWNLD_ PDF&WebsiteKey=6d978a6f-475d-46cc-bcf2-7a9e3d5f8f82

W8E-Recommendation. Extensible Markup Language (XML 1.0), fifth edition (26 November 2
https://www.w3.org/TR/xml/

W3C Recommendation. Namespaces in XML, (14 January 1999).

ding

)08).

https://www.w3.0rg/TR/1999/REC-xml-names-19990114/

http://www.w3.0rg/TR/2004/REC-xmlschema-1-20041028/

W3C Recommendation. XML Schema Part 2: Datatypes, second edition (28 October 2004).
http://www.w3.0rg/TR/2004/REC-xmlschema-2-20041028/

3 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply. The definitions defined
in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause 3 also apply to this Recommendation | International Standard, except for
the terms decomposition level, sub-band and resolution, which are redefined in this clause.

3.1 attribute: XML construct that is a name-value pair extending or qualifying the meaning of an element.
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3.2 cell: Optional subdivision of a tile used for low-memory encoding and decoding.

3.3 component collection: A subset of intermediate components used as inputs to a multiple component
transformation stage, and a subset of intermediate components obtained as outputs from a multiple component
transformation stage, where the subset's constituent components can occur in an arbitrary order, i.e., permuted with respect
to their order of appearance in the set of input or output intermediate components.

34 component reconstruction array: General term that refers to any of the following; decorrelation
transformation array, dependency transformation array or offset array.

35 compositing: Act of combining two compositing layers into a single, non-redundant set of image channels.
3.6 hnmpncifing In\]/nr' Set-of non-redundant-channels drawn-from-one or more codestreams-that shall be treated
as a group.

3.7 deadzone: Interval within which all sub-band coefficients are quantized to 0.

3.8 decomposition level: Collection of sub-bands where each coefficient has the same spatial impact or spanfwith

respgct to the original samples, including the LL, LH, HL, HH, LX, HX, XL and XH sub-band splits qutof decompogition
sublgvels.

3.9 decomposition sub-level: Collection of sub-bands that result from splits of .a Sub-band from a lpwer
decomposition sub-level or splits of either LL, LX or XL sub-bands from a higher decompasition level.

3.10 decorrelation transformation array: Array of coefficients that maps the input components of a compgnent
collection to the output components of the collection via a multiple component decgrfelation transformation.

3.11 dependency transformation array: Array of coefficients that maps the input components of a compgnent
collection to the output components of the collection via a multiple componént dependency transformation.

3.12 element: XML construct that consists of a start tag and an end tag with data enclosed within.

3.13 HX sub-band: Sub-band obtained by forward horizontal fiigh-pass analysis filtering and no vertical anglysis
filteing, and which contributes to reconstruction with inverse horizontal high-pass synthesis filtering and no veftical
synthesis filtering.

3.14 intermediate component: Single two-dimensional array of data involved in a stage of a multiple compgnent
trangformation.

3.15 JPX baseline: Subset of the JPX file.‘format that uses codestream conforming to Rec. ITU-T T.8$00 |
ISO/JEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 only.

3.16 JPX baseline reader: Application'that correctly interprets all files that conform to the definition of a] JPX
baseline file.

3.17 JPX file: Name of file in the file format described in this Recommendation | International Standard. Structufally,
a JPX file is a contiguous sequence of boxes.

3.18 LX sub-band: Sub<band obtained by forward horizontal low-pass analysis filtering and no vertical anglysis
filteing, and which contributes to reconstruction with inverse horizontal low-pass synthesis filtering and no veftical
synthesis filtering.

3.19 metadatas Additional data associated with the image data beyond the image data.

3.20 nameéspace: Collection of names, identified by a URI, that allows XML documents of different sources tp use
the spme element names within a single document to avoid element name conflicts.

3.21 offset array: Array of coefficients containing offsets which are added to intermediate components dyiring
multiptecomporent transformatiomofa tomporent cottectior:

3.22 reconstructed image component: Set of output intermediate components from the final transformation stage
in the inverse multiple component transformation process.

3.23 rendered result: Result generated by combining the compositing layers in the JPX file, either by composition
or animation.

3.24 resolution: Spatial relation of samples to a physical space.

NOTE - In this Recommendation | International Standard, the decomposition levels of the wavelet transformation create resolutions
that differ by powers of two in either just horizontal, just vertical or both horizontal and vertical directions. The last (highest)
decomposition level includes either an LL, LX or XL sub-band which is considered to be a lower resolution. Therefore, there is
one more resolution level than decomposition levels.
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3.25 sub-band: Group of transformation coefficients resulting from the sequence of low-pass and high-pass filtering
operations, either just horizontally, just vertically or both horizontally and vertically.

3.26 spatially reconstructed component: Component which has been extracted from the codestream and passed
through the decoding and inverse wavelet transformation process as specified by this Recommendation | International
Standard, such that the set of spatially reconstructed components is the set of input components to the first transformation
stage in the inverse multiple component transformation process.

3.27 transformation stage: Set of component collections and associated multiple component transformations.

3.28 visual masking: Mechanism where artefacts are masked by the image acting as a background signal.

3.29 XH sub-band: Sub-hand obtained by no forward horizontal analvsis filtering and \ertical high-pass :m"|ysis
" 7 7 ~J ~J Lad

filtening, and which contributes to reconstruction with vertical high-pass synthesis filtering and no inverse horizpntal
synthesis filtering.

3.30 XL sub-band: Sub-band obtained by no forward horizontal analysis filtering and vertical low-pdss anglysis
filteing, and which contributes to reconstruction with vertical low-pass synthesis filtering and no inverse horizpntal
synthesis filtering.

4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply. The abbreviations
defirled in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause 4 also apply to this Recommendation | International Standgrd.

ADS Acrbitrary Decomposition Styles

ATK Avrbitrary Transformation Kernels

CBD Component Bit depth Definition

DCO variable DC Offset

DFS Downsample Factor Styles

DPI Dots Per Inch

IPR Intellectual Property Rights

MCC Multiple Component transformation Collection
MCO Multiple Component ttansformation Ordering
MCT Multiple Component Transformation definition
NLT Non-Linearity.point Transformation

UuibD UniversalUnique Identifier
VMS Visual, Masking

5 Conventions

In this Recommendation | International Standard, the word "shall" is used to express mandatory requirements for
confprmance tg'this Specification. When used to express a mandatory constraint on the values of syntax elements gr the
valugs of variables derived from these syntax elements, it is the responsibility of the encoder to ensure that the consfraint
is fulfilled.\The word "may" is used to refer to behaviour that is allowed, but not necessarily required. The word "should"
is uded-to refer to behaviour of an implementation that is encouraged to be followed under anticipated ord|nary

H + Lok, & oo + £ £ todlota O - i
circ TI_Aricvcts, Ut 1S TIUT a TTidimuatury TCYUTTTTTICTIU TUT CUTTTUTTTIANTUT TU TS OJTUITILALIUTT.

For historical reasons, in this Specification, the convention of listing all informative annexes after the last normative
annex is not followed strictly to minimize cross referencing issues in external texts.

6 General description

The purpose of this clause is to give an overview of this Recommendation | International Standard. Terms defined in
previous clauses in this Recommendation | International Standard will also be introduced. (Terms defined in clauses 3
and 4 in Rec. ITU-T T.800 | ISO/IEC 15444-1 continue to apply in this Recommendation | International Standard.)

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods for
coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images. This set of methods
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extends the elements in the core coding system described in Rec. ITU-T T.800 | ISO/IEC 15444-1. Extensions which pertain
to encoding and decoding are defined as procedures which may be used in combination with the encoding and decoding
processes described in Rec. ITU-T T.800 | ISO/IEC 15444-1. Each encoding or decoding extension shall only be used in
combination with particular coding processes and only in accordance with the requirements set forth herein. These extensions
are backward compatible in the sense that decoders which implement these extensions will also support configuration subsets
that are currently defined by Rec. ITU-T T.800 | ISO/IEC 15444-1. This Recommendation | International Standard also
defines extensions to the compressed data format, i.e., interchange format and the abbreviated formats.

6.1 Extensions specified by this Recommendation | International Standard
The following extensions are specified in this Recommendation | Internationa andard
6.1. Syntax

An ektension of the code stream syntax is described in Annex A. This extension provides all the codestream signalling in
this Recommendation | International Standard. Further, it anticipates signalling needed for future specificationg that
inclyde this Recommendation | International Standard as a normative reference. In addition to the.codestream syntax
defirfed in Rec. ITU-T T.800 | ISO/IEC 15444-1, the following capabilities are supported: variablecDC offset, varjiable
scalgr quantization, trellis coded quantization, visual masking, arbitrary decomposition, arbitrary, transformation kefnels,
single sample overlap, multiple component transformations, non-linear transformation, arbitrary regions of interest. These
extemded markers conform to the same rules as the syntax in Rec. ITU-T T.800 | ISO/IEC15444-1.

6.1.2 Variable DC offset

An ektension which provides for variable DC offset is described in Annex B. Variable DC offset may be used to generate
a befter data distribution for input to the ICT or RCT multi component transformation, defined in Rec. ITU-T T.B0O |
ISONEC 15444-1, and/or the wavelet transformation. Images with very skewed sample distributions may benefit from a
non-flefault DC offset.

6.1.3 Variable scalar quantization

An gxtension that provides for variable scalar quantization is(déscribed in Annex C. This extension allows smaller or
largdr deadzones to be used with the scalar quantizer. This technique may improve visual appearance of low level texture.

6.1.4 Trellis coded quantization

An extension of the quantization is described in Anfiex D. This extension provides for trellis coded quantization (T[CQ).
The [TCQ algorithm applies spatial-varying.scalar quantization to its input sequence by choosing one of four scalar
quantizers for each sample. Quantizer indiCes-from supersets of these quantizers along with quantizer transitions i the
form| of a trellis provide all information necessary to reconstruct TCQ encoded wavelet coefficients.

6.1.5 Visual masking

An eitension which provides for visual masking is described in Annex E. Visual masking is a mechanism where artgfacts
are Mmasked by the image acting as a background signal. The main goal is to improve the image quality, especiallly for
displays. The first effect-efithis technique is to improve the image quality, where the improvement becomes greater gs the
image becomes morecomplex. The second main effect of this technique is that for a given fixed bit-rate, the image quality
is m@re robust agaifist-variations in image complexity. This is accomplished at the encoder via an extended non-lindarity
interposed between the transformation stage and the quantization stage.

6.1.6 Acbitrary decomposition

An gxtension providing for arbitrary decomposition of the tile component is described in Annex F. This extension can
contre e-bandpassextentof-wavelet sub-bandsand-thusprovidecontrotover-thedecorretationprocessirorderto tune
compression performance. This extension also allows for transcoding of other wavelet based compression algorithms into
codestreams of this Recommendation | International Standard.

6.1.7 Arbitrary wavelet transformation

Extensions that provide for transformation of image tile components using user defined wavelet filters are described in
Annexes G and H. Annex G describes whole sample filters while Annex H describes arbitrary filters.

6.1.8 Single sample overlap discrete wavelet transformations

Extensions providing for block based wavelet transformations are described in Annex I. These extensions consist of one
method for tile based wavelet transformation without tiling artefacts and one method for cell-based wavelet
transformation.
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6.1.9 Multiple component transformations

An extension which provides for multiple component transformations is described in Annex J. This extension specifies
two types of multiple component transformations:

1) A specification of a multiple component transformation which uses linear transformations of bands to
reduce the correlation of each band. This is similar to the most common colour transformations.

2) A specification of a wavelet transformation along the component direction.

6.1.10  Non-linear transformation

Annex K specifies three non-linear point transformations that are used after decoding processes and inverse multiple
compponent transformations 10 map reconsiructed values back f0 their proper range. These transformafions mdy be
employed by encoders prior to multiple component transformation and encoding to increase compression efficiency| The
first fwo transformations, gamma and look-up table (LUT) style non-linearities, can be used to perceptually flatten a
scanper or sensor with a linear response, from 12 bits to 8 bits precision prior to compression. The third, which maps
sign{magnitude numbers into a two's complement representation, can be used to represent floating point-numbers.

6.1.11 Region of interest

An extension which provides for Region of interest coding using the scaling based method js-described in Annex L| The
scalipg based method provides for having different scaling values for different regions of ‘interest. The extension| also
specffies how to generate the masks in the wavelet domain that describe the set of wavélet'coefficient belonging toleach
Regipn of interest.

6.1.12 File format

An extension of the file format is described in Annex M. This extension prevides for the exchange of compressed ifnage
files petween application environments. This extension is an optional fileformat, called JPX, that applications may choose
to uge to contain JPEG 2000 compressed image data. JPX is an-extension to the JP2 file format defined in |Rec.
ITU{T T.800 | ISO/IEC 15444-1, Annex I. The format:

1) specifies a binary container for both image and. metadata;
2) specifies a mechanism to indicate image properties, such as the tone-scale or colour space of the imape;

3) specifies a mechanism by which readers“may recognize the existence of intellectual property rights
information in the file;

4) specifies a mechanism by which'metadata (including vendor specific information) can be included in|files
specified by this Recommendation | International Standard;

5) specifies a mechanism by.which multiple codestreams can be combined into a single work, by methods
such as compositing and'animation.

6.1.13 Metadata definitions

Metddata definitions are described in Annex N. Metadata is additional information that is associated with the primary
data |(the image). In the context of this Specification, it is "additional data linked with the image data beyond the gixels
which define the image®,-Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be consistently
mairjtained throughout'the image lifecycle. In today's environment of image editing applications, rapid transmissiop via
the Ipternet, and.high quality photographic printers, the lifecycle of a digital image may be very long as well as complex.

6.1.14  Rrogression order extensions
Beygnd._the five progression orders specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, this Recommendatjon |

Inter! ational -Standard imntraducas o nacitian racalutian lavial camnanant lavar nraaraccinn ardar that ic cnacifi d |n
tetoHdt—otaaata—HHoaH6eS—a—P8SHBR- eSO E R eVe-copaReRt-1aye—progresSion—erae—tHatiS—SpectH

Annex I.

6.2 Relation between extensions

The relations, at decoder side, between the extensions listed above are given in Figure 6-1. Technologies described in
Rec. ITU-T T.800 | ISO/IEC 15444-1 are indicated in the boxes.
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Figure 6-1 — Decoder block diagram
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Annex A

Compressed data syntax, extension

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they define an o
that alternative implementations shall duplicate.

This annex specifies the marker and marker syntax extensions to the Rec. ITU-T T.800 | ISO/IEC 15444-1, Ann

utput

ex A

syntgx. These markers provide all the codestream signalling in this Recommendation | International Standard. Fukther, it
antigipates signalling needed for future specifications that include this Recommendation | International Standard|as a
nornjative reference.
All dositive (unsigned) integer values of parameters are placed in the codestream as unsigned integers. All.other (signed)
inteders are expressed in two's complement. Unless otherwise indicated, all values are in big endian erder.
In the tables of this annex, the symbol "r" denotes bits that are reserved, and the symbol "x" denotes bits whose valug can
be either 0 or 1.
For ¢odestreams conforming to this Recommendation | International Standard alone, the‘value of each bit denoted|with
an "nf" shall be 0.
NOTE — The behaviour of implementations that conform to this Recommendation | International Standard is left unspecified when
plocessing a codestream where the value of any bit denoted with an "r" is not 0.
Al Extended capabilities
The $yntax in this annex supports the extensions in this Recommendatien | International Standard. These marker segments
confprm to the same rules as the syntax in Rec. ITU-T T.800 | ISOUEC 15444-1, Annex A. The addition of parameter
valugs to some marker segments in Rec. ITU-T T.800 | ISO/IEC 15444-1 and the addition of new marker segments signals
the information specific to the extensions in this Recommendation | International Standard. In every marker segment the
first two bytes after the marker shall be an unsigned valde that denotes the length in bytes of the marker segment
parameters (including the two bytes of this length parameter but not the two bytes of the marker itself). When a marker
segment that is not specified in this Recommendation | International Standard or in Rec. ITU-T T.800 | ISO/IEC 15444-
1 is gncountered in a codestream, the decoder shall-Use the length parameter to discard the marker segment. Tablg A.1
shows the marker segments affected by this ReCommendation | International Standard.
Table A.1 — Syntax support for extensions
Extended Rec. ITU-T T.800 |
Extengion ISO/IEC 15444-1 marker New marker segments
segments

All pxtensions Slz -

Varjable DC offset - DCO

Varjable scalar quantization QCD, QCC, sOT QPD, QPC

Trellis coded_guantization QCD, QCC, SOT QPD, QPC

Vistial masking - VMS

Singlé.sample offset transform Slz, COoD, COC -

Avrbitrary decomposition styles COD, CoC DFS, ADS

Avrbitrary transformation kernels COD, COC ATK

Multiple component transformation COD CBD, MCT, MCC, MCO

Non-linearity point transformation - NLT

Arbitrary shaped region of interest RGN -

Precinct length, tile-part header - RLT

Progression order extensions COD, POC —

A2 Extensions to Rec. ITU-T T.800 | ISO/IEC 15444-1 marker segment parameters
This clause describes the extensions to marker segments defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A

8 Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

A2l Image and tile size (S1Z), extended

The capability parameter Rsiz of Rec. ITU-T T.800 | ISO/IEC 15444-1 denotes capabilities that a decoder needs to
properly decode a codestream. Table A.2 defines Rsiz values of this parameter specific to this Recommendation |
International Standard.

Table A.2 — Capability Rsiz parameter, extended

I\/lSBVaIue (blts)LSB Capability

1xGe Atteastone-of-the-extentded-eapabititiesspeetfiecHrthisReeemmendationHrterrational-Starglard
is present

1xQ0 xxx0 xxxx xxx1 | Variable DC offset capability is required to decode this codestream® b)

1x(0 xxxx xXXxx Xx1x Variable scalar quantization capability is required to decode this codestream?

1x(0 xxxx XXxx X1xXX Trellis coded quantization capability is useful to decode this codestream®)

1xQ0 xxxx xxXxx 1xxX Visual masking capability is useful to decode this codestream®

1x(0 xxxx xxxl XxXX Single sample overlap capability is required to decode this codestream?)

1xQ0 xxxx xxX1x XxXXX Avrbitrary decomposition style capability is required to decode this Codestream?

1xQ0 xxxx x1xx XxXX Arbitrary transformation kernel capability is required to decodé\this codestream®

1x(0 xxxx 1XxX XXXX Whole sample symmetric transformation kernel capability-is.required to decode this codestregm?

1xQ0 xxxl XXXX XXXX Multiple component transformation capability is requirecthto’decode this codestream?

1xQ0 xx1x XXXX XXXX Non-linear point transformation capability is useful t6_tlecode this codestream®

1x(0 x1xxX XXXX XXXX Arbitrary shaped region of interest capability isTequired to decode this codestream?

1xQ0 1xxXX XXXX XXXX Precinct-dependent quantization is required te/decode this codestream?
All other values reserved

3 |"Required to decode" implies that no useful data or image can be reconstructed without the use of this capability.
b) |Shall not be used with the multiple component transformation:

©) ["Useful to decode" implies that use of this capability would\improve the quality of the reconstructed data or image; howelver,
the data or image may be decoded without its use.

9 [The 2 MSBs of Rsiz are used as follows:

10 — Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities

11 —Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities extended via a CAP marker segment.

A.22  Start of tile-part (SOT) extended

If R4iz indicates that the precingt-dependent quantization capability is used, then the SOT marker segment from|Rec.
ITU4T T.800 | ISO/IEC 15444-1,"Annex A, is extended to allow 1-65535 tile-parts. Table A.3 replaces Rec. ITU-T T.800
| ISQ/IEC 15444-1, Table A.5,.and Table A.4 replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.6.

Table A.3 — Start of tile-part parameter values, extended

Parameter Size (bits) Values
SOT 16 0xFF90
Lsot 16 10
lsot. 16 O tao 65534
Psot 32 0, or 14-(2%2-1)
TPsot 16 0 to 65535
TNsot 16 Table A4

Table A.4 — Number of tile-parts, TNsot, parameter value, extended

Value Number of tile-parts
0 Number of tile-parts of this tile in the codestream is not defined in this header
1-65 535 Number of tile-parts of this tile in the codestream
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A23

Coding style (COD, COC), extended

Geometric manipulation is enabled with two bits in the Scod parameter shown in Table A.5.

Block coder extensions are enabled with 1 bit in the Scod parameter, as shown in Table A.5. When this bit is set, the COD
marker segment is extended to include a 16-bit parameter SXcod that follows SPcod as shown in Figure A.lbis. The
meaning of SXcod is defined by Table A.11bis.

Available progression orders are extended as shown in Table A.7bis, which replaces Rec. ITU-T T.800 | ISO/IEC 15444-1,
Table A.16.

If the position-resolution level-component-layer progression order is used, bit-14 of Ccap? shall be set (see Table A.49).

If thq
repl3

If th
replg

If the
then
show

If the

Tabl

oGCO0U

l CoD ‘ Lcod I I

Scod

Figure A.1lbis — Coding style default syntax

Rsiz field of the S1Z marker segment indicates that the multiple component transformations are used, then Tablg

ces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.17.

Rsiz field of the SIZ marker segment indicates that the arbitrary transformation-kernels are used, then Table

ces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.20.

SPcod

SXcod

A8

A.10

Rsiz field of the SIZ marker segment indicates that the single sample overlap transformation capability is necegsary,
an extra 8 bit field is added to Rec. ITU-T T.800 | ISO/IEC 1544441, Table A.13 after the transformation fidld as

n in Table A.7. The SSO values are found in Table A.11.

Rsiz field of the SIZ marker segment indicates that the arbitrary @ecomposition styles are used then the maximum number
of d¢composition levels field definitions are found in Table A.9jrather than in Rec. ITU-T T.800 | ISO/IEC 15444-1,

e A.13. This is shown in Table A.7.

Table A.5 — Coding style parameter values for the Scod parameter

10

\'\//lasllées (Egsg Coding style
rrxx xxx0 Entropy coder, precincts with PPx = 15 and PPy = 15
rrxx xxx1 Entropy coder with precincts defined below
rrxx xx0x No SOP marker segments used
rrxx xxI¥ SOP marker segments may be used
rrxx x0xx No EPH marker used
rogx ~x1xx EPH marker shall be used
rrRx 0xxx Offset in the horizontal dimension, z, = 0 (CBAP)
rrxx 1xxx Offset in the horizontal dimension, z, = 1
rrx0 xxxx Offset in the vertical dimension, z, = 0 (CBAP)
rrxl xxxx Offset in the vertical dimension, z, = 1
0 Block-coder-extensions-not-used
rrlx xxXxx Block coder extensions defined by SXcod
All other values reserved

Rec. ITU-T T.801 (V3) (08/2023)
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Table A.6 — Coding style parameter values of the SGcod parameter

Parameters (in order) (iliis) Values Meaning of SGcod values
Progression order 8 Table A.7bis Progression order
Number of layers 16 1 to 65535 Number of layers
Multiple component 8 Table A.8 Multiple component transformation usage
transformation
Talkl A7 Cadinachvdosoararactar ol f il CD 2| aadCh Bakalaatar +anrncdad
TAaAuIC /AT = Cuunl U OLyIC '.IGI AITICLCT variutTo Ut Uiv Jr vou diiu or vuu pal Aalrrititr o, TALUTIUTU
| . Size Values (bits) .
Parameters (in order) (bits) MSB LSB Meaning of SPcod values
Maximum number of 8 Table A.9 Decomposition mapping and levels
decpmposition levels
Code-block width 8 Rec. ITU-T T.800 | ISO/IEC | Code-block width exponent offset.value, xch
15444-1, Table A.18
Code-block height 8 Rec. ITU-T T.800 | ISO/IEC | Code-block height exponent offset value, ycb
15444-1, Table A.18
Code-block style 8 Rec. ITU-T T.800 | ISO/IEC | Style of the code-blackjcoding passes
15444-1, Table A.19
Trapsform 8 Table A.10 Wavelet transformation used
SSQ overlap 16 Table A.11 SSO overlap values
Preginct size variable | Rec. ITU-T T.800 | ISO/IEC | If Scodar/Scoc = xxxx xxx0, this parameter is not predent,
15444-1, Table A.21 otherwise this indicates precinct width and height. [The
firstparameter (8 bits) corresponds to the N, LL, N, LX, or
N“XL sub-band. Each successive parameter correspgnds
to each successive resolution in order.

Table A.7bis — Progression order,for the SGcod and Ppoc parameters

Values (bits) Multiple component transformation type
MSB LSB
00¢0 0000 Layer-resolution levelécomponent-position progression
00¢0 0001 Resolution level-layer-component-position progression
0040 0010 Resolution leyel-position-component-layer progression
0090 0011 Position-component-resolution level-layer progression
0040 0100 Component-position-resolution level-layer progression
0090 0101 Position-resolution level-component-layer progression
All other values reserved.
Table A.8 — Multiple component transformation for the SGcod parameters
M\gaBIues (bllt_S%B Multiple component transformation type
0000 0000 No multiple component transformation specified.
0000 0001 Component transformation used on components 0, 1, 2 for coding efficiency.
Irreversible component transformation used with irreversible filters.
Reversible component transformation used with reversible filters.
0000 0x10 Array-based multiple component transformation is used. May be combined with wavelet-based multiple
component transformation.
0000 01x0 Wavelet-based multiple component transformation is used. May be combined with array-based multiple

component transformation.

All other values reserved.

© ISO/IEC 2023 - All rights reserved
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Table A.9 — Decomposition for the SPcod and SPcoc parameters, extended

M\ézélues (b'It_S%B Decomposition type
0000 0000 Number of levels of wavelet decomposition, dyadic decomposition, N, (Zero implies no transform.).
to
0010 0000
1000 0001 If in the main header: Downsampling factor style index value (1 to 127). (See clause A.3.3.)
to If in tile-part header: Arbitrary decomposition style index value (1 to 127). (See clause A.3.4.)
1111 1111
All other values reserved

Table A.10 — Transformation for the SPcod and SPcoc parameters, extended

Values (bits) .
MSB LSB Transformation type
0040 0000 Rec. ITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible wavelet transform.
00¢0 0001 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible wavelet transform
0po0 0010 Arbitrary transformation kernel definition index value (2 to 255). Definitions are found in the appropftiate
to ATK marker segment (see clause A.3.5).
111 1111
Table A.11 — SSO parameters, extended
Values (bits) .
MSB LSB SS©'size (see Annex 1)
Oxgx xxxx xXxxx xxxx | SSO not sed
IxfX XXXX XXXX XXXX SSO used
x0fx xxxx xxxx xxxx | TSSO not used for everytile in the image (shall be the same in every COD marker segmgnt)
X1X XXXX XXXXK XXXX TSSO used for every-tile in the image (shall be the same in every COD marker segment)
xx(x xxxx xxxx xxxx | Vovlp = 0%\&hall be the same in every COD marker segment)
XX]X XXXX XXXX XXXX Vovlp = 1 (shall-be the same in every COD marker segment)
xx30  xxxx xxxx xxxx | Hovlp ~=~0 (shall be the same in every COD marker segment)
xxX]1 XXXX XXXX XXXX Hovlp =*L(shall be the same in every COD marker segment)
xxfx  Oxxx xxxx xxxx | TBDWT is not used (shall be the same in every COD marker segment)
x1x 1XXX XXXX XXXX TBDWT is used (shall be the same in every COD marker segment)
xxFx xxxx xxxx 0000 Cell width exponent value, XC = 2value
to
XXEX XXXX Xxxx 1114
xx¥x xxxx 0000 »xxxX Cell height exponent value, YC = 2value
to
XXFX xxXX 11T xxxx
All other values reserved
Table A.11bis — SXcod parameter
Values (bits) ;
MSB LSB Coding style
rrer reer rreer rr00 No modifications to selective arithmetic coder bypass mode.
rrrer rrrer rrer rr01 Selective arithmetic coder bypass modified to start from the 2nd significant bit-plane if bit 0
of SPcod/SPcoc set, as specified in Annex P.
rrer reer rreer rrl0 Selective arithmetic coder bypass modified to start from the 3rd significant bit-plane if bit 0
of SPcod/SPcoc set, as specified in Annex P.
rerr rreer rrer rrll Selective arithmetic coder bypass modified to start from the 4th significant bit-plane if bit O of
SPcod/SPcoc set, as specified in Annex P.
All other values reserved.
12 Rec. ITU-T T.801 (V3) (08/2023)
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A.2.3bis Progression order change (POC), extended
Table A.11ter replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.32.

Available progression orders are extended as shown in Table A.7bis, which replaces Rec. ITU-T T.800 | ISO/IEC
15444-1, Table A.16.

If the position-resolution level-component-layer progression order is used, bit-14 of Ccap? shall be set (see Table A.49).

Table A.11ter — Progression order change, tile parameter values

Parameter Size (bits) \alues
POC 16 OXFF5F
Lpoc 16 9 to 65535
RSpoc! 8 0to 33
CSpoc 8 0 to 255; if Csiz < 257
16 0 to 16383; Csiz > 257
LYEpoc! 16 1 to 65535
REpoc 8 (RSpoc' +1) - 33
CEpoc 8 (CSpoc' + 1) to 255, 0;.if'Csiz < 257
16 (CSpoc’ + 1) to 16384;°0; Csiz > 257
(0 is interpreted as 256)
Ppoc 8 Table A.7bis

A.2.4  Quantization (QCD, QCC), extended

If Rqiz indicates that the variable scalar quantization (see Annex €).capability is used, then the deadzone adjustmgnt is
signglled in modified QCD and QCC marker segments from Re¢. ITU-T T.800 | ISO/IEC 15444-1, Annex A. If|Rsiz
indidates that trellis coded quantization is used, then these values are also signalled via the extended QCD and RCC
marKer segments from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A. This shall only be used with irreversible
trangformations.

Tablg A.12 replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.28, and Table A.13 replaces Rec. ITU-T T.B0O |
ISO/JEC 15444-1, Table A.30.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 13
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Table A.12 — Quantization default values for the Sqcd, Sqcc, Sgpd, and Sgpc parameters, extended

Values (bits) o SPgxx
MSB  LSB Quantization style size (bits) SPgxx usage
xxx0 0000 No quantization 8 Rec. ITU-T T.800 | ISO/IEC
15444-1, Annex A

xxx0 0001 Scalar derived (values signalled for N LL sub-band only). 16 Rec. ITU-T T.800 | ISO/IEC
Use Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-5. 15444-1, Annex A

xxx0 0010 Scalar expounded (values signalled for each sub-band). There 16 Rec. ITU-T T.800 | ISO/IEC
are as many step sizes signalled as there are sub-bands. 15444-1, Annex A

xx30 0011 Variable deadzone and scalar derived (values signalled for 32 Table A.13
N_LL sub-band only). Use Rec. ITU-T T.800 | ISO/IEC
15444-1, Equation E-5.

xx30 0100 Variable deadzone derived and scalar expounded (values 16 Table A.14 then Table A.15
signalled for each sub-band). There are as many step sizes
signalled as there are sub-bands.

xx30 0101 Variable deadzone and scalar expounded (values signalled for 32 Table A.13
each sub-band). There are as many step sizes signalled as
there are sub-bands.

xx30 1001 Trellis coded quantization derived (values signalled for N, LL 16 Rec. ITU-T T.800 | ISOJJEC
sub-band only). Use Rec. ITU-T T.800 | ISO/IEC 15444-1, 15444-1, Annex A
Equation E-5.

xx30 1010 Trellis coded quantization expounded (values signalled for 16 Rec. ITU-T T.800 | ISO/JJEC
each sub-band). There are as many step sizes signalled as 15444-1, Annex A
there are sub-bands.

000x xxxx Number of guard bits 0-7.

to

111x xxXxx

All other values reserved.

Table A.13 — Quantization values (irreversible transformation only), extended

Values (bits) . N . |
MSB s Deadzone adjustment and quantization step size valugs
0090 0000 0000 0000 xxXX XXXX, XXXX XXXX Variable deadzone, num_nz,, value -32768 to 323767
to (see Equation C-1)
1131 1111 1111 1111 xxXX KXXX XXXX XXXX
KXIX XXXX XXXX XXXX~xxxx x000 0000 0000 Mantissa, p,, of the quantization step size value 0 to 2047
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
XXFX XXXX XXXX LRXX xxxx x111 1111 1111
xxgx xxxx XRXX(Xxxx 0000 0xxx XXXX XXXX Exponent, g, of the quantization step size value 0 tq 31
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
XXFX XXXX=KXXX xXXX 1111 I1xXXX XXXX XXXX

Table-A-14

SPacd-SPace
—gce—o+Hg66;

SPand and SPanc naramatars (rravarsihla trancfarmation anh ovitanded
=g e—aRaorgpcPalaletesHeve s HaRSHoHRaHOR-6RY; teaes

Values (bits)

MSB

LSB

Deadzone adjustment values (one for each sub-band)

0000 0000 0000 0000

to

1111 1111 1111 1111

(see Equation C-1)

First two bytes of SPqcx are the deadzone adjustment, num_nz,, value —32768 to 32767

14
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Table A.15 - SPgcd, SPqcc, SPgpd, and SPgpc parameters (irreversible transformation only), extended

Values (bits)

MSB

LSB

Quantization step size values

xxxx x000 0000 0000

to

xxxx x111 1111 1111

After first two bytes of SPqcx are the mantissa, py, of the quantization step size value 0 to 2047
(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

0000 0xxXX XXXX XXXX

to

1111 1xXXX XXXX XXXX

After first two bytes of SPqcx are the exponent, g, of the quantization step size value 0 to 31
(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

A2 Region of interest marker (RGN), extended

If R4iz indicates that an arbitrary region of interest is used (see Annex L), then the description of a coefficient-shift gnd a
mask are signalled in a modified RGN marker segment from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex|A. Table |A.16
replgces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.25. If there is RGN marker segment in theymdin header with a
Srgn[= 0, there shall not be any RGN marker segment anywhere in the codestream with a non-zero Srgn value fgr the
component given by the corresponding Crgn value. Likewise, if there is RGN marker segmentin the main header with a
non-gero Srgn value, there shall not be any RGN marker segment anywhere in the codestream with a Srgn = 0 fdr the

component given by the corresponding Crgn value.

Wheh used in both the main header and the first tile-part header, the RGN in the first.tile part header overrides the main
for that tile. Also, an RGN specifying a single component (Crgn = 65 535) overrides on specifying all components

(Crgp = 65 535). Thus, the order of precedence is the following:

Tile-part RGN (Crgn # 65 535) > Tile-part RGN (Crgn =-65. 535) > Main RGN (Crgn = 65 535) >
Main RGN (Crgn = 65 535)

where the "greater than" sign, >, means that the greater overrides the\lesser marker segment.

Table A.16 — Region-of-interest parameter values for the Srgn parameter

Values ROI style (Srgh) SPrgn usage
0 Implicit ROI (maxinmum shift) Rec. ITU-T T.800 | ISO/IEC
15444-1, Table A.26
1 Avrbitrary regien-of interest, rectangle Table A.18
2 Arbitrary region of interest, ellipse Table A.18
All other values reserved

Table A717.— Component index parameter value for the Crgn parameter

Pafameter Size (bits) Values Components index parameter
Component 16 0 to 16383 Specifies component to which these region of interest descriptions apply
16394 to 65354 Reserved
65535 Region of interest descriptions apply to all components
Table A.18 — Region-of-interest values from SPrgn parameter (Srgn =1 or Srgn = 2)
Parameter Size (bits) Values Meaning of SPrgn parameter

Binary shift 8 0to 255 Binary shifting of coefficients in the region of interest above the background.

XArgn (left) 32 0to (232-1) | Horizontal reference grid point from the origin of the first point. (In the case
of the ellipse, Srgn = 2, this value shall not exceed the width of the image.)

YArgn (top) 32 0to (232-1) | Vertical reference grid point from the origin of the first point. (In the case of
the ellipse, Srgn = 2, this value shall not exceed the height of the image.)

XBrgn (right) 32 0to (232-1) | Horizontal reference grid point from the origin of the second point.

YBrgn (bottom) 32 0to (232-1) | Vertical reference grid point from the origin of the second point.

© ISO/IEC 2023 - All rights reserved
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Extended marker segments

Table A.19 lists the markers specified in this Recommendation | International Standard.

Table A.19 — List of markers and marker segments

Symbol Code Main header? E:;E?g

Variable DC offset DCO OxFF70 optional optional
Visual masking VMS OXFF71 optional optional
Downsampling factor style DFS OxFF72 optional optional
Arblitrary decomposition style ADS OxFF73 optional optianal
Avrbjitrary transformation kernels ATK OxFF79 optional optional
Cormponent bit depth CBD OxFF78 optional optional
Multiple component transformation definition MCT OxFF74 optional optional
Multiple component transformation collection MCC OxFF75 optiopal optional
Multiple component transformation ordering MCO OxFF77 optional optional
Non-linearity point transformation NLT OxFF76 optional optional
Qudgntization default, precinct QPD OXFF5A optional optional
Qudntization component, precinct QPC OxFF5B optional optional
Preginct length, tile-part header RLT OxFF95 no optional
) |'optional" means it may be used in the header if this extension is used. "no",méans it shall never be present in the header.

A3.1 Variable DC offset (DCO)

Fungtion: Describes the variable DC offset for every component.

Usage: Present only if the variable DC offset capability bit inithe Rsiz parameter (see clause A.2.1) is a one value. Main

and
any

tile.

whe

Shall not be used with the multipte component transformation.

Len

16

Irst tile-part header of a given tile. Optional in both th&main and tile-part headers. No more than one shall appdar in

hus, the order of precedence is the following:
Tile-part DCO > Main DCO

fle the "greater than" sign, >, means that the greater overrides the lesser marker segment.

@th: Variable depending ‘onithe number of components. The syntax is depicted in Figure A.1.

i
n-

DCO Ldco

Sdco
- 8Pdc’
SPdco

T.801(21)_FA.1

Figure A.1 — Variable DC offset syntax

DCO: Marker code. Table A.20 shows the size and parameter values for coding style component marker

segment.

Ldco:  Length of marker segment in bytes (not including the marker). The value of this parameter is

determined by the following equation:

3 + Csiz Sdco =0

Ldco = 3+ 2 Csiz Sdco =1
3+4.Csiz Sdco =2

3+4+8- Csiz Sdco =3

where Csiz is from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A.

Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved
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NOTE - If Ldco were to be larger than 65 535, then the DCO marker segment cannot be used. Instead, multiple

component transformation functionality could be used.
Sdco:  Variable DC offset type definition.

SPdco’: Variable DC offset for the ith component. There is one SPdco parameter for every component in the

image.
Table A.20 — Variable DC offset parameter values
Parameter Size (bits) Values
BES 16 OxFF70
Ldco 16 510 32770
Sdco 8 Table A.21
SPdco! variable Table A.21

Table A.21 — Variable DC offset parameter values for the Sdco parameter

Values (bits)

MSB LSB Offset type definition
0000 0000 Offsets are 8 bit unsigned integers
0000 0001 Offsets are 16 bit signed integers

0000 0010 Offsets are 32-bit binary floating point{}SO/IEC/IEEE 60559)
0000 0011 Offsets are 64-bit binary floating pointISO/IEC/IEEE 60559)
All other values reserved

IEEHE numbers as used in the Rec. ITU-T T.801 | ISO/IEC 15444-2 codestream have to be written in big-endian grder,
using the following bit-assignments for encoding the floating point numbers:
SEEE EEEE EMMM MMMM MMMM MMMM MMMM MMMM
for s|ngle precision IEEE numbers, where S = sign bit, E = exponent bits, M = mantissa bits
SEEE EEEE EEEE MMMM MMMMAMNMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM

for dpuble precision IEEE numbers, where S = sign bit, E = exponent bits, M = mantissa bits

NOTE 2 — This encoding requires typically an endian-swap on little-endian machines, and is typically the native encoding fof big-

epdian machines.
A.3.2  Visual masking (VMMS)
Fungtion: Describes thevisual masking for all tile-components in the image or tile.
Usage: Present onlyzif the visual masking capability bit in the Rsiz parameter (see clause A.2.1) has the value one. Optionally
used|in the main_andfor the first tile-part header of a given tile. No more than one VMS marker segment for a compgnent
shalllappear inaany header. When used in both the main header and the first tile-part header, the VMS marker segment in the
first file part.header overrides the one in the main header for that tile. A VMS marker segment specifying a single compgnent
(Cvms £65'535) overrides on specifying all components (Cvms = 65 535). Thus, the order of precedence is the followfing:

i = i 35) >
Main VMS (Cvms = 65 535)
where the "greater than" sign, >, means that the greater overrides the lesser marker segment.
Length: Fixed. The syntax is depicted in Figure A.2.
VMS Lvms Cvms E E E § §
n | =zl <|m
T.801(21)_FA.2
Figure A.2 — Visual masking syntax
© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 17
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VMS:  Marker code. Table A.22 shows the size and parameter values for coding style, default marker
segment.
Lvms: Length of marker segment in bytes (not including the marker). Fixed at 7 bytes.
Cvms:  The index of the component to which this marker segment applies. Could be all components.
Svms:  Minimal resolution level and respect block boundaries flag.
Wvms: Window width variable, win_width (see E.6).
Rvms:  Bits retained variable, bits_retained (see E.6).
Avms:  Value of the numerator of the o parameter, oo = Avms/128 (see E.6).
Bvms:  Value of the numerator of the § parameter, p = Bvms/128 (see E.6).
Table A.22 — Visual masking parameter values
Parameter Size (bits) Values
VMS 16 OxFF71
Lvms 16 9
Cvms 16 Table A23
Svms 8 Table A.24
Wvms 8 Oto8
Rvms 8 0to 255
Avms 8 0 to 255
Bvms 8 0to 255
Table A.23 — Component parameter value for the Cvms parameter
Values Component index parameter
0to 16383 Specifies component to which these region of interest descriptions apply
16394 to 65354 Reserved
65535 Region of interest descriptions apply to all components

A3.3 _«Downsampling factor styles (DFS)

Table A.24 —Visual masking for the Syms parameters

I\\;glges (?_'gsé Visual masking parameters
%000 0006 Minimum resolution level value, minlevel (0 to 32) (see E.6)
to
x001.0000
0% % xxxx | Variable respect_block_boundaries = 0 (see E.6)
KR XXXX Variable respect_block_boundaries = 1 (see E.6)
All other values reserved

Fung¢tion: Describes the arbitrary decomposition pattern for the lowest resolution sub-band for all tiles of a given compadnent.

Usage: Present only if the custom decomposition style bit in the Rsiz parameter (see clause A.2.1) is a one value. Main
header. Assigned to a component by an index in the main header COD or COC markers.

Length: Variable. The syntax is depicted in Figure A.3.

£ @ L
DFS Ldfs 2= "DU
T.801(21)_FA.3

Figure A.3 — Downsampling factor styles syntax
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(A-2)

DFS: Marker code. Table A.26 shows the size and values of the symbol and parameters for coding style,
default marker segment.

Ldfs: Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:

— Idfs

Ldfs =4+ [“]

Sdfs: The index of this DFS marker segment. This marker segment is associated with a component via the
parameter in the COD or COC marker segments found in the main header.

Idfs: Number of elements in the string defining the number of decomposition sub-levels.

Ddfs: String defining the number of decomposition sub-Tevels. The two bit elements are packed Inio

hytes
in big endian order. The final byte is padded to a byte boundary.

Table A.25 — Downsampling factor styles parameter values

Parameter Size (bits) Values
DFS 16 OxFF72
Ldfs 16 5 to 65535
Sdfs 16 0 to\15
Idfs 8 0-to 255
Ddfs variable String of elements

A34

Fun

Usage: Present only if the custom decomposition style capability bit in the Rsiz parameter (see clause A.2.1) is :
. Shall not be used to describe the decomposition described\in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex F.
and first tile-part header of a given tile. There may be up t0, 127 such marker segments with unique index values.
value is found in a tile-part header, then it is used dhstead of an ADS marker segment in the main header with the
index value.
segments found only in a specific tile-part header.

valu

inde
same

Length: Variable. The syntax is depicted in Figure A.4.

Arbitrary decomposition styles (ADS)
tion: Describes the arbitrary decomposition pattern for a tile-camponent or all tile-components within a single

tile.

one
Main
If an

These are assigned to a particular-tile-component via the parameter in the COD or COC mprker

ADS Lads

Sads
I0ads
ISads

" DOads -
~DSads.

T.801(21)_FA.4

Figure A.4 — Arbitrary decomposition styles syntax

tyle,

A-3)

ADS: « Marker code. Table A.26 shows the size and values of the symbol and parameters for coding
default marker segment.

ltads:  Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:

Lads — 5 + [Innrlzu_lcnﬁo'l
4

Sads:  The index of this ADS marker segment. This marker segment is associated with a component via the
parameter in the COD or COC marker segments found in that tile-part header.

10ads: Number of elements in the string defining the number of decomposition sub-levels.

DOads: String defining the number of decomposition sub-levels. The two bit elements are packed into bytes
in big endian order. The final byte is padded to a byte boundary.

ISads:  Number of elements in the string defining the arbitrary decomposition structure.

DSads: String defining the arbitrary decomposition structure. The two bit elements are packed into bytes in

© ISO/IEC 2023 - All rights reserved

big endian order. The final byte is padded to a byte boundary.
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Table A.26 — Arbitrary decomposition styles parameter values

Parameter Size (bits) Values
ADS 16 OxFF73
Lads 16 310 65535
Sads 8 1to 127
10ads 8 0 to 255

DOads variable String of elements
1Sads 8 0 to 255
DSads variable String of efements

A3%  Arbitrary transformation kernels (ATK)

Fungtion: Describes a transformation kernel and an index that allows assignment to tile-components.

Usage: Present only if the arbitrary transformation kernel capability bit in the Rsiz parameter (see ‘clause A.2.1) is ¢ one
valug. Main and first tile-part header of a given tile. May be up to 254 marker segments in any header. A marker segment
in the tile-part header with the same index as one in the main header overrides the main header marker segment. Table

A.27 describes the arbitrary transformation par

ameter values.

Length: Variable. The syntax is depicted in Figure A.5.

ATK Latk Satk

Katk
Natk
Outk’

s
s
gk

Eatk

Batk’
LCatk
Aatk

5+ 2Natk + sizeof (Coeff _ Typ)[

5+ Natk + sizeof(Coeff_Typ)[l
Latk =
5 + 3Natk“sizeof (Coeff_Typ){

54 ?Natk + sizeof(Coeff_Typ)(

Natk -1
1+ ) LCatk®
s=0
Natk -1
+ Z LCatk®
s=0
Natk -1
Natk+ > LCatk®
s=0
Natk -1
Natk+ > LCatk®
s=0

Figure A.5 — Arbitrary transformation default syntax

WT_Typ = IRR, Filt_Cat = ARB
WT_Typ=IRR, Filt_Cat=Ws
J WT_Typ = REV, Filt_Cat = ARB

J WT_Typ = REV, Filt_Cat =WS

5/ O‘\ e /e /e ) By | ]
%(( = =T - = P T
" =¥ -y -] = =
54 Sl al el 512 <
T.801(2])_FA5

ATK:  Marker code. Figure A.5 shows the-Size and values of the symbol and parameters for arbitrary
transformation marker segment.

Latk:  Length of marker segment in (®ytes (not including the marker). The value of this parameter is
determined by the following. equation:

A-4)

where sizeof(Coeff_Typ) is the size (in bytes) of the Satk parameter that takes values of the|type

Coeff Tun
—_

Satk: Index of the ATK marker segment; the type, Coeff_Typ, of the scaling factor and lifting step
parameters; the wavelet filter category, Filt_Cat; wavelet transformation type, WT_Typ, the initial
odd or even subsequence, Mjpt.

Katk:  The scaling factor, K. Present for irreversible transformation only, WT_Typ = IRR.
Natk:  Number of lifting steps, N;s.

Oatks: Offset for lifting step s, off,. The index, s, ranges from s = 0 to Natk— 1. Present only if

Filt_Cat = ARB.

Eatks:  The base two scaling exponent for lifting step s, ;. Present only with reversible transformation,
WT_Typ = REV. The index, s, ranges from s = 0 to Natk — 1.
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Batks:  Additive residue for lifting step, s. Present for reversible transformations (WT_Typ = REV) only. The
index, s, ranges from s = 0 to Natk — 1.

LCatks: Number of lifting coefficients signalled for lifting step s. Provides the range, k, for Aatksk, The index,
s, ranges from s = 0 to Natk — 1.

Aatks<:  The kth lifting coefficient for the lifting step s, asy. The index, s, ranges from s = 0 to Natk — 1. The
index, k, ranges from k = 0 to LCatk — 1.

Table A.27 — Arbitrary transformation parameter values

Pararmeter Size(oits) Vatues
ATK 16 OxFF79
Latk 16 9 to 65535
Satk 16 Table A.28
Katk WT_Typ =
WT_Typ IRR, Coeff_Typ
WT_Typ IRR, Coeff_Typ
WT_Typ IRR, Coeff Ayp

WT_Typ IRR, Coeff\Typ
WT_Typ = IRR, Coeff\Typ = 4

0to 255

0
8
16
32
64
128
8
0 Filt_Cat = WS
8 —128 to 127;-Filt_Cat = ARB
0 WT_Typ = IRR
8 0 t0-255; WT_Typ = REV
0 WT *Typ = IRR
8 Coeff_Typ
16 Coeff_Typ
32
64
128
8
8
16
32
64
128

I arn
m

WN PO

Natk
Oatks

Eatks

Batk®

Coeff_Typ
Coeff_Typ
Coeff Typ=4

0 to 255

Coeff_Typ
Coeff_Typ
Coeff_Typ
Coeff_Typ
Coeff Typ=4

o
WN RO

LCatk®
Aatksk

WN - O
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Table A.28 — Arbitrary transformation values for the Satk parameter

Values (bits)
MSB LSB

Index

xxxx xxxx 0000 000x

Not available

NOTE — The indices 0000 0000" and 0000 0001" are not available having been assigned
to the 9-7 irreversible wavelet filter and the 5-3 reversible wavelet filter respectively in
Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A.

rxxx xxxx 0000 0010

Index of this marker segment (2 to 255)

to
rxxX XXXx 1111 1111
rxj¥x x000 xxxx xxxx | Parameters 8-bit signed integer, Coeff Typ =0
rx¥x  x001 xxxx  xxxx | Parameters 16-bit signed integer, Coeff Typ=1
rxyx  x010 xxxx xxxx | Parameters 32-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ =2
rxyx  x011 xxxx  xxxX | Parameters 64-bit binary floating point (ISO/IEC/IEEE 60559), Coeff Typ,=.3
rxfx x100 XxXxx XXXX Parameters 128-hit binary floating point (ISO/IEC/IEEE 60559), Coeff Typ=4
rxgax  Oxxx xxxx  xxxXx | Arbitrary filters, Filt_Cat = ARB
rlfx 1xXxX XXXX XXXX WS filters, Filt_Cat = WS
rxx0  xxxx  xxxx  xxxx | lrreversible filter, WT_Typ = IRR
rxql XXXX XXXX XXXX Reversible filter, WT_Typ = REV
rx(x  xxxx xxxx xxxx | Modify even-indexed subsequence in first reconstruction-step, mjnit = 0
XX XXXX XXX XXX Modify odd-indexed subsequence in first reconstruction step, mjnit = 1
rOfx Oxxx xxxx xXxXx | Boundary extension method used in lifting steps is’constant, Exten = CON
TlfX XXXX XXXX XXXX Boundary extension method used in liftingssteps is whole-sample symmetric, Exten = WS

All other values reserved

A3

Fun
trang

Usag
one
used

The
imag

formation process.

Component bit depth definition (CBD)

tion: Defines the bit depth of reconstructed image “components coming out of any multiple compgnent

e: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1)) is a
alue. Main header. The CBD marker segment-is required if the multiple component transformation processes are
At most there can be one CBD in the main;header.

presence of a CBD marker segment insa/codestream alters the procedures used to determine the precision of ofitput
e components and the interpretation of the SIZ marker. See Annex J for further details.

Length: Variable depending on thexaumber of reconstructed image component bit depths signalled. The syntax is deplicted
jure A.6.

in Fi

22

v, e

syntax.

BDebd

CBD Lebd

Ncbd

“BDcbd"

T.801(21)_FA.6

Figure A.6 — Component bit depth definition syntax

irition

Lcbd:  Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:

Lmct = {

5 Ncbd = 1XXXXXXXXXXXXXXX (A-5)

4 4+ Ncbd Ncbd = 1XXXXXXXXXXXXXXX

Ncbd:  Number of component bit depths included in marker segment. Table A.30 shows the value for the
Nchd parameter.

BDchdi: Bit depth and sign of the reconstructed image components in the order in which they are created as
determined by the MCC and MCO marker segments. Either one value is signalled for all components
(see Table A.30) or an individual bit depth is given for each component.
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Table A.29 —Component bit depth definition parameter values

Parameter Size (bits) Values
CBD 16 OxFF78
Lchd 16 510 16388
Nchd 16 Table A.30

BDcbd' 8 Table A.31

Table A.30 — Component bit depth definition values for the Ncbd parameter

Msg/alues (b'tS)LSB Number of reconstructed image component bit depths in marker
x0¢0 0000 0000 0001 Number of reconstructed image components (1 to 16384)
to
x1¢0 0000 0000 0000
Oxfx xxxx xxxx xxxx | Bit depths included, one per reconstructed image compopent
1xfx XXXX XXXX XXXX One bit depth included, applies to all reconstructed image components
All other values reserved

Table A.31 — Component bit depth definition values for the BBcbdi parameter

M\/Sagues (btsS)B Reconstructed image . component bit depths
x000 0000 Component sample bit depth = value +.2, From 1 bit deep through 38 bits deep respectively.
to
x010 0101
0XXX XXXX Component sample values are tinsigned values
1xXXX XXXX Component sample values-are signed values
All other values reserved

A3T Multiple component transformation,definition (MCT)

Fungtion: Defines one multiple component-transformation array per marker segment. The type and index of the array
defirfed in this marker distinguishes it from other MCT marker segments in a given header. This array can be assignged to
a colfection of components within the MCC marker segment.

Usage: Present only if the multiple’component transformation capability bit in the Rsiz parameter (see clause A.2.1)) is a
one yalue. Main and first tile~part header of a given tile. An MCT marker segment in a tile-part header overrides a main
header MCT segment forthat tile if and only if the ten low-order bits of the Imct fields of both marker segments are

To gpply thevtransformation array included in an MCT marker segment, an MCC marker segment shall exis{ that
assotiates.the MCT marker segment with a component collection. This association is made through the array defirfition

Jment

eX|sts then the transformatlon array mcIuded in the MCT marker segment shaII not be used in the decodlng process.

Length: Variable depending on the size of the array. The syntax is depicted in Figure A.7.

MCT Lmct Zmct Imet | Ymet SP.;nétj,. | / Spm(_t“ ’

T.801(21)_FA.7

Figure A.7 — Multiple component transformation definition syntax
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MCT:

Lmct:
Zmct:

Imct:

Marker code. Table A.32 shows the size and parameter values for multiple component transformation
definition marker segment.

Length of marker segment in bytes (not including the marker).

Index of this marker segment in a series of MCT marker segments. All the marker segments in the
series have the same Imct parameter value present in this header. The data in each subsequent MCT
marker segment shall be appended, in order, to make on stream of SPmcti parameter values. The Ymct
parameter values are present only in the first marker segment in the series (Zmct = 0).

Multiple component transformation index value, array type, and parameter size. An MCT marker
segment, or series, with a given Imct value in the tile-part header overrides a main header MCT marker

seament—or-series—H-and-onhif-the-tenlow-order bits {index—and-transformation-tvpe)-of-the, Imct
g —O4 HEeS—H-aHa-0Ry—He8eRH0W-arae a8 x—aha—HaRSHoHRaHO Rty Pe)-o+—h

Ymct:

SPmcti:

values of both markers are identical.

Index of the last number of MCT marker segment in the series. For every series of MCT” marker
segments (i.e., MCT marker segments in this header with the same Imct parameter value); thereshall
be MCT marker segment with Zmct parameter values of 0 to Ymct. The last MC{l_ marker segment
will have Zmct = Ymct. This value is present only in the first marker segment in the Series (Zmctf= 0).

Parameters for the multiple component transformation definition. One parametervalue for each elefnent
in the array. See J.2 to determine the number of array elements and their order in the marker segrent.
The number of elements in a row and the number of rows (elements in & column) are determined Hy the
type of array and the number of the input and output components to.which it is assigned.

Table A.32 — Multiple component transformation definition parameter values

Parameter Size (bits) Values
MCT 16 OxFF74
Lmct 16 6 to 65535
Zmct 16 0 to 65535
Imct 16 Table A.33
Ymct 0 If Zmct>0
16 0 to 65535
SPmctl variable Variable, Array of types as
indicated in Table A.33

Table A.33 — Multiple component transformation definition values for the Imct parameter

Values (bits)

Index of the array definition, type and parameter type

MSB LSB

rrir xxxx 0000 0001 Index of the array definition, 1 to 255
to
rrir xxxx 1111 X312
rrir xx00 xXXXR/RXXX Dependency transformation array type
rrfr xx01 &KRXX XXXX Decorrelation transformation array type
rrir xx1O07Xxxx xXXXX Offset array type
rrfr OQxx XxXX XXXX Array elements are 16 bit signed integers
rrjr <01xx XXXX XXXX Array elements are 32 bit signed integers
rrrr 10Xx XXXX XXXX Array elements are 32-bit binary floating point (ISO/IEC/IEEE 60559)
rrrr 11xx XxXXX XXXX Array elements are 64-bit binary floating point (ISO/IEC/IEEE 60559)
All other values reserved
A3.8 Multiple component transformation collection (MCC)

Function: Describes the collection of input intermediate components, the collection of output intermediate components,
and the associated wavelets or arrays for a multiple component transformation. This marker segment can appear in the
main header and can be referred to or overridden by an MCC marker in a tile-part header.

24
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Usage: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1) isa
one value. Main and first tile-part header of a given tile. There may be up to 255 MCC marker segments, or series of
marker segments, in the main header. There may be up to 255 MCC marker segments, or series of marker segments, in
any tile-part header. An MCC marker segment in a tile-part header with the same index (Imcc) as one in the main header

overrides the main

header MCC segment for that tile.

A series of MCC marker segments (defined as having the same Imcc value in the same header and a Ymcc > 0) shall all
appear in the same header in order of (consecutive) Zmcc parameter values.

Length: Variable depending on the number of component collections. The syntax is depicted in Figure A.8.

M{C Lmce

Ymce QmC? /

Xmcc

i i
Nmce 1 Mmce

Imcc

Zmcc

Tmec Omcc NN

Wmce
Wmee]

Cmccel|
Cmcc

MCC:

Lmcc:
Zmcc:

Imcc:

Ymcc:

Qmcec:

Xmecct:

Nmcc':

Cmccil;

Mmcc:

n
nj

. nm
nj
nm

n n ™ . : n
Nmce Mmcc Tmcc . Omce

ALY T.801(2]) FA.8

“Xmcee. -

~Cmce
Cmce
Wmcc .
Wmcce

Figure A.8 — Multiple component collection syntax

Marker code. Table A.34 shows the size and parameter values for multiple component colleftion
marker segment.

Length of marker segment in bytes (not including the marker).

Index of this marker segment in a series of MCC matker segments. All the marker segments ip the
series have the same Imcc parameter value present in this header. The data in each subsequent MCC
marker segment shall be appended, in order, to make one stream of the other parameters. The Ymcc
and Qmcc parameter appears only in the first marker segment (Zmcc = 0).

Index of this marker segment. An MCCsmarker segment, or series, with a given Imcc value ip the
tile-part header overrides a main headeriMCC marker segment, or series, with the same Imcc vdlue.

Index of the last number of MCC\marker segment in the series. For every series of MCC marker
segments (i.e., MCC marker segments in this header with the same Imcc parameter value), therefshall
be MCC marker segment with Zmcc parameter values of 0 to Ymcc. The last MCC marker segment
will have Zmcc = YmeelThis value is present only in the first marker segment in the geries
(Zmcc = 0).

The number of collections in the MCC marker segment. This value is present only in the first marker
segment in the series (Zmcc = 0).

Indicates type-of multiple component transformation used for the ith component collection (wavelet
or array-based decorrelation or array-based dependency). Defines the interpretation applied to Tjmcc.

Indicates the number of input components for the ith component collection and defines the numier of
bifs'(8 or 16) used to represent the component indices in ith collection.

Input intermediate component indices included the ith component collection. The number of inflices
in the ith component collection is Nmcc'. Each index denotes an input intermediate component| The
order of the indices defines the ordering applied to the input intermediate components pripr to
application of the inverse transform.

Indicates the number of output intermediate components for the ith component collection and defines

Wmccll:

Tmcc:

the number of bits (8 or 16) used to represent the component indices in ith collection. If anything,
other than an array-based irreversible decorrelation transform is used, Mmcc' shall equal Nmcc'.

Intermediate component indices included the ith output component collection. The number of indices
in the ith component collection is Mmcc'. All output intermediate component indices in a given MCC
marker segment shall appear only once across all collections in that MCC marker.

For array-based component collection transforms, Tmcc' assigns arrays defined in an MCT marker
segment to the ith component collection. An MCT marker segment with the right type and index in
the first tile-part header of a tile is used before an MCT marker segment with the right type and index
in the main header. Tmcc' also indicates the reversibility of array-based component transforms.

For wavelet-based component collection transforms, Tmcc' assigns a wavelet kernel defined in Rec.
ITU-T T.800 | ISO/IEC 15444-1, Annex A or an ATK marker segment and the number of wavelet
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decomposition levels for the ith component collection (only the dyadic decomposition of Rec. ITU-
T T.800 | ISO/IEC 15444-1 is supported). An ATK marker segment with the proper index in the first
tile-part header of a tile is used before an ATK marker segment with the proper index in the main
header. Tmcc' also contains the index of an MCT marker segment that contains component additive
offsets.

Omcc:  Present in the MCC marker segment only for those component collections that use a wavelet-based
transform. Omcc' indicates the reference grid offset to apply in the component dimension for the
ith component collection (see J.2.2).

Table A 34 — Multiple component collection parameter values

Parameter Size (bits) Values
MCC 16 OXFF75
Lmcc 16 5 to 65535
Zmcc 16 0to 65535
Imcc 8 0to 255
Ymcc 0 If Zmcc >0

16 0 to 65535
Qmcc 0 If Zmce >0
16 010716383
Xmec! 8 Table A.35
Nmcc! 16 Table A.36
Cmccll 8 0 to 255
16 0to 16383
Mmcc! 16 Table A.37
wmccll 8 0 to 255
16 0to 16383
Tmec! 24 Table A.38 or Table A.39
Oomec! 32 0 to 4294967295

Table A.35 — Multiple component collection values for the Xmcc! parameter

Values (bits) . i i
MSB LSB Coding style Tmcc' paramete
rrir rr00 | Component colléction transform is array-based dependency transform Table A.38
rrir rr01 | Component collection transform is array-based decorrelation transform Table A.38
rrir rr11l | Component-collection transform is wavelet-based transform Table A.39
All.other values reserved

Table A.36 — Multiple component collection values for the Nmcc! parameter

Values’(bits)

MSB LSB Coding style
OXFHRKKK KXXX XXKX Input component collection indices (Cmcc') are 8 bit integers
to :I |put bUIIIpUI IC1 It bU::Cbt;UII ;I Id;bcb (Clllbbl) arc 1G IUlt ;I ItCHCID

IXXX XXXX XXXX XXXX
x000 0000 0000 0001 Number of input components in ith component collection (1 to 16384)

to
x100 0000 0000 00O0O0
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Table A.37 — Multiple component collection values for the Mmcci parameter

Values (bits)

MSB LSB Coding style
0XXX XXXX XXXX XXXKX Output component collection indices (Wmcc') are 8 bit integers
to Output component collection indices (Wmcc') are 16 bit integers
IXXX XXXX XXXX XXXX
x000 0000 0000 0001 Number of output components in ith component collection (1 to 16384)
to
x100 0000 0000 0000
Table A.38 — Multiple component collection values for the Tmcc! parameter (array-based)
Values (bits) ;
MSB LSB Coding style
rrfr rrrx xxxx xxxx 0000 0000 No assigned transform array (NULL array)
rrir rrrx xxxx xxxx 0000 0001 Decorrelation or dependency transform array index
to
rrfr rrrx xxxx xxxx 1111 1111
rrfr rrrx 0000 0000 xXXx XXXX No assigned offset array (NULL array)
rrfr rrrx 0000 0001 xXxX XXXX Offset array index
to
rrfr rrrx 1111 1111 XXXX XXXX
rrfr rrr0 xxxx xxxx xxxx xxxx | Decorrelation or dependencytransform is irreversible
rrfr rrrl XxxX XXXX XXXX XXXX Decorrelation or dependentcy transform is reversible
All other values reserved
Table A.39 — Multiple component collection values for the Tmcci parameter (wavelet-based)
Values (bits) .
MSB LSB Coding style
XXX XXXx xxXxx xxxx 0000 0000 RecITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible filter
xxFX XXXx xxxx xxxx 0000 0001 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible filter
XXX XXXX xxxXx xxxx 0000 0010 Index of the ATK marker segment containing the wavelet kernel for
to component collection
XXEX XXXX XxXxx xxxx 1111 1111
xxfx xxxx 0000 0000 =xxxx) xxxx | Index of MCT marker segment containing additive offsets for component
xx¥x xxxx 1111 1111 xxxx _Kxxx collection
xx(0 0000 =xxxx xxxx_xxxx xxxx | Number ofdyadic wavelet decomposition levels used in the component
xx]0 0000 XXXX XXXK KXKXX XXXX collection (0 to 32)
All other values reserved
A39 Multiple-component transformation ordering (MCO)
Fungtion: Describes the order in which multiple component transformations are applied during inverse multiple

com
Usa(Te: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1

onent\transformation processing.

isa

one value. At most one MCO marker segment in main and first tile-part header of a given tile. If used in the main header,
this marker segment defines the default ordering of multiple component transformation stages for all tiles. If used in the
first tile-part header, then the component transformation order established by the MCO marker segment overrides any
default ordering defined by a main header MCO marker segment.

Length: Variable depending on the number of multiple component transformation stages used. The syntax is depicted in Figure

A9.

© ISO/IEC 2023 - All rights reserved
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MCO Lmco

Nmco
~Imco ~
Imco

T.801(21)_FA.9

Figure A.9 — Multiple component transformation ordering syntax

MCO: Marker code. Table A.40 shows the size and parameter values for the multiple component
transformation ordering marker segment.
Lmco: Length of marker segment in bytes (not including the marker). The length is given by the following

axnpraccion.
EXpresstort:

Lmco = 3 4+ Nmco A-6)

Nmco: Number of multiple component transformation stages specified for inverse transform processing. If
Nmco = 0, then no multiple component transformation processing is used for the current tile ard no
Imco’ parameters shall appear. Otherwise, Nmco specifies the number of MGG marker segment
identifiers that will follow.

Imco':  Index of the MCC marker segment containing the component collection information for the it" injerse
multiple component transformation stage (see clause A.3.8).

Table A.40 — Multiple component intermediate collection parameter values

Parameter Size (bits) Values
MCO 16 OXFF77
Lmco 16 310 258
Nmco 8 0to 255
Imcol 8 0 to 255

A.3.10 Non-linearity point transformation (NLT)
Fungtion: Describes either a gamma or LUT non-linearity to be applied to a single component or all components.

Usage: Present only if the non-linearity point transfermation capability bit in the Rsiz parameter (see clause A.2.1) is a
one Yalue. Main and first tile-part header of a given tile. There may be no more than one marker segment per compgnent
plus pne default in any header.

Wheh used in the main header, the defined non-linearity can be established as a default for all components or establ|shed
as a glefault for a single component. \When used in a tile-part header, it can be used to establish a default for all compopents
in the tile or to set the non-linearity-transformation for a single component in that tile. Thus, the order of precederice is
the fpllowing:

Tile-part NLT > Tile-part NLT default > Main NLT > Main NLT default

whele the "greater than* sign, >, means that the greater overrides the lesser marker segment.

Length: Variable;dépending on the value of Tnlt. The syntax is depicted in Figure A.10.

NLT Lnlt Colt | & E /STl
T.80;1(21)7FA.10

Figure A.10 — Non-linearity point transformation syntax

NLT:  Marker code. Table A.41 shows the size and values of the symbol and parameters for non-linearity
point transformation marker segment.

Lnlt: Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:
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Lnlt =6+ 15

11+ (Npoints- l‘UTval)

Vrpar =

Tnlt =0orTnlt =3

Tnlt =1
Tnlt =2

1 PTval € [1,8]
2 PTval € [9,16]
4 PTwval € [17,32]

QTE Qr\arif\]/ing a-non Iinnnrit\ll transformwith Tnlt = 0 allows a transformation to be nvplirifl\]/ disabled
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(A7)

Cnlt:

BDnlt:

Tnlt:
STnlt:

The index of the component to which this marker segment relates. The components are indexed|0, 1,
2, etc. If this value is 65535, then this marker segment applies to all components. Table /A*42 shows

the value for the Cnlt parameter.

Bit depth and sign of the decoded image component, Z;, after processing of the ith reggnstructed ifnage
component by the non-linearity. If Cnlt = 65535, then this value applies to all components. Table |A.43
shows the values for the BDnlt parameter.

Non-linearity type. Table A.44 shows the value for the Tnlt parameter,

Parameter values associated with the non-linearity as controlled by the'Tnlt field.

Table A.41 — Non-linearity transformation parameter values

Parameter Size (bits) Values
NLT 16 OxFF76
Lnlt 16 12 to 65535
Cnlt 16 Table A.42

BDnlt 8 Table A.43
Tnlt 8 Table A.44
STnit variable Table A.44

Table A.42 — Non-linearity transformation parameter values for the Cnlt parameter

Values Components index parameter
0-16 383 Defines component to which these non-linearity transformation descriptions in this marker segment apply
65 535 Non-linearity transformation descriptions in this marker segment apply to all components

All othér values reserved

Table A.43 5 Decoded image component bit depth parameter values for the BDnlt parameter

Values (bits)

Decoded image component bit depth

MSB  L'SB
x000 0000 Component sample bit depth = value + 1. From 1 bit deep through 38 bits deep respectively.
te

b {0)invanvanvay

0xxxX XXXX

Component sample values are unsigned values

IxXXX XXXX

Component sample values are signed values

All other values reserved

© ISO/IEC 2023 - All rights reserved
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Table A.44 — Non-linearity transformation parameter values of the Tnlt parameter

I\\/Ilgllg‘ues (bl'_tgg Meaning of Tnlt values STnlt usage
0000 0000 No non-linearity transformation applied -
0000 0001 Gamma-style non-linearity transformation Table A.45
0000 0010 LUT-style non-linearity transformation Table A.46
0000 0011 Binary Complement to Sign Magnitude Conversion -

All other values reserved -

Table A.45 — Non-linearity transformation parameter values of the STnlt parameter (Tnlt = 1)

Pafameter Size .
(ir| order) (bits) Values Meaning of STnlt values
E 24 0, ..., 65535 Non-linearity exponent (8-bit integer + 16sbit fraction
(0, ..., 255+ 2 95535) Y exponent (&-bit nteg )
65535
S 24 0, ..., 65535 Non-linearity toe slope (8-bit integer + 16-bit fraction
(0, ..., 255+ 2 95535) Y toe slope (8-bitinfeg )
65535
T 24 0, ..., 65535 Non-linearity threshold (8¢bit‘integer + 16-bit fraction
(©, ..., 255} + ) 4 ( 9 )
65535
A 24 {0, ..., 65535} | Non-linearity continiity parameter A (8-bit integer + 18-bit
B 24 {0, ..., 65535} | Non-linearity, continuity parameter B (8-bit integer + 1§-bit
NO['E —E, S, and A parameters shall not be zero as the non linearity transformation defined by Equation K-2 is otherwise not well-
defiped.
Table A.46 — Non-linearity transformation parameter values of the STnlt parameter (Tnlt = 2)
Pe.‘ ameters Size (bits) Values Meaning of STnlt values
(im order)
Npoints 16 1t0-8191 (Number of points — 1) in the LUT-style non-linearity definition (all pther
values reserved)
Dmin 32 0.td (232-1) | Dmin = parameter value / (232-1)
Dmax 32 1to (232-1) | Dmax = parameter value / (232-1)
PTval 8 0000 0001 Precision of Tvalue parameter in bits (1-32). This also implies how many
to bytes are used to express the Tvalue (all other values reserved)
0010 0000
Tvalue 8,PTyal <8§; variable Run of table values for the LUT-style non-linearity. The (Npoints|+ 1)
16{9<PTval <16 parameters are unsigned integers. The actual value of Tvalde is
32; PTval > 16 Tvalue = parameter value / (2PTval— 1)
A.3.11 Quantization default, precinct (QPD)
Fungtion:*Describes the quantization default used for compressing all components of a particular resolution leve| and
preciet—Fhe-parametervalues-can-be-overriddenforan-individual-component—+resolutionleveland-precinet-by-a-QPC

marker segment which, if present, shall appear in a tile-part header prior to any packets for that component, resolution
level, and precinct.

Usage: Main and any tile-part header. Several QPD marker segments may appear in any tile-part header, but only one for
each resolution level and precinct. If a QPD is used in a tile-part header it overrides the quantization characteristics defined
by either QCD or QCC marker segments for all components of the resolution level and precinct indexed by the QPD
within the scope of the particular tile. Thus, the quantization characteristics of a particular resolution level, precinct pair
is determined by the presence of QCD, QCC, QPD or QPC markers in the following order of precedence:

Any tile-part QPC > Any tile-part QPD > First tile-part QCC > First tile-part QCD >
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When QPD marker segments are used, they shall appear in tile-part headers before any packets are found for the indexed
resolution level and precinct.

Length: Variable depending on the number of quantized sub-bands within the resolution level indexed. The syntax is
depicted in Figure A.11.

QPD | Lapd | 515} & | Spgpd - /SPqpd”
T801(21) FAA1

Figure A.11 — Quantization default, precinct syntax
QPD:  Marker code. Table A.47 shows the size and values of the symbol and parameters for quantizption
default, precinct marker segment.

Lgpd: Length of marker segment in bytes (not including the marker). The value _dfithis parameter is
determined by the following equation:

5 4+ num_subbands_lev no_quant AND PLgpd < 128
7 quant_derived AND PLqpd <-128
Lavd = 54 2 - num_subbands_lev quant_expounded AND PLgpd< 128 A-8)
ap 6 + num_subbands_lev no_quant AND PLqgpd> 128
8 quant_derived AND ¢Phqpd = 128

6 + 2 - num_subbands_lev quant_expounded AND PLqpd > 128

where hum_sub-bands_lev can be derived from clauselF:2.4 for each resolution level and whethef this
marker segment has no_quant, quant_derived, and quant_expounded is signalled in the Bqgpd
parameter.
NOTE — The Lgcd can be used to determine how many quantization.step sizes are present in the marker segment. However, |there

i§ not necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with no
réquirement to correct this marker segment.

PLqgpd: The resolution level index for the quantization values signalled. Equation A-9 shows how this mprker
segment is constructed based on the resolution level index, lev, as well as the precinct index, prec.

lev prec < 256
Plapd = {128 +lev prec =256

The resolution level indeX, lev, can range from 0 to N, where N is the number of decompogition
levels defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause A.6.1.

PPgpd: The precinct index for the quantization values signalled. The size of this marker segment parareter
will be one byte when the PLgpd parameter is less than 128, but two bytes when PLqpd is grgater
than or equal to 128. This parameter will then just hold the precinct index, prec. The precinct ipdex,
prec,..can’ range from 0 to numprecincts —1, where numprecincts is the number of precingts at
reselltion level lev and is also defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.6.

Sgpd: _ “Quantization style for all components at the resolution level, lev, and precinct, prec.

SPqudi* Quantization step size value for the ith sub-band at the resolution level, lev, in the order defined for
lev in F.2.4. The number of parameters is at least as large as the number of sub-bands in the tile-
component with the greatest number of sub-bands at resolution level, lev.

A-9)
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Table A.47 — Quantization default, precinct parameter values

Parameter Size (bits) Values
QPD 16 OXFF5A
Lgpd 16 6to 101
PLgpd 16 0to32or
128 to 160
PPqgpd 8 0 to 255, PLgpd < 128
16 0 to 65535, PLgpd > 128
Sapd 8 Table A.12
SPqpdi variable Table A.12
A.3.12 Quantization precinct component (QPC)
Fungtion: Describes the quantization used for compressing a particular component, resolution level, and-pfecinct.

Usage: Main and any tile-part header. Several QPC marker segments may appear in any tile-part header, but only orfe for
each| component, resolution level, and precinct. If a QPC is used in a tile-part header it oyetrides the quantizption
chargcteristics defined by QCD, QCC, or QPD marker segments for the triplet indexed by the QPC within the scope of
the particular tile. Thus, the quantization characteristics of a particular component, reselution level, and precirct is
deteqmined by the presence of QCD, QCC, QPD or QPC markers in the following orderof precedence:

Any tile-part QPC > Any tile-part QPD > First tile-part QCC > First tile-part QCD >
Main QPC > Main QPD > Main QCC > Main QCD

Wheh QPC marker segments are used, they shall appear in tile-part headerscefore any packets are found for the indexed
comIonent, resolution level, and precinct.

th: Variable depending on the number of quantized sub-bands\within the resolution level indexed. The syntax is
ted in Figure A.12.

Len
depi

QPC Lgpc

Cqpe
PLgpc
PPdpe

Sqpc

SPqpcn ,

"SPqi)ci ’

T.801(21)_FA.12

Figure A.12—Quantization precinct component syntax

QPC:  Marker code. Table\A.48 shows the size and values of the symbol and parameters for quantizption
component markersegment.

Lgpc:  Length of_marker segment in bytes (not including the marker). The value of this parameter is
determjned.by the following equation:
6+ rum_subbdands_lev no_quant AND Csiz < 257 AND Plgpc <128
8 quant_derived AND Csiz <257 AND Plgpc<128
6+ 2-num_subbdands_lev quant_expounded AND Csiz <257 AND Plgpc <128
7+ num_subbdands_lev no_quant AND Csiz > 257AND Plgpc <128
9 quant_derived AND Csiz > 257 AND Plgpc <128

Lapc = 7+2-num_subbdands_lev quant_expounded AND Csiz > 257 AND Plgpc <128 (A110)

qpc= 7= num-sl |hhdnndc_|n\l no—guant AND Csiz< 257 AND qupr >128
9 quant_derived AND Csiz <257AND Plgpc>128
7+2-num_subbdands_lev quant_expounded AND Csiz <257 AND Plgpc>128
8+ num_subbdands_lev no_quant AND Csiz > 257 AND Plgpc>128
10 quant_derived AND Csiz > 257 AND Plgpc>128
8+ 2-num_subbdands_lev quant_expounded AND Csiz >257AND Plgpc>128
where hum_sub-bands_lev can be derived from clause F.2.4 for each resolution level and whether this
marker segment has no_quant, quant_derived, and quant_expounded is signalled in the Sqpc
parameter.
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NOTE — The Lgpc can be used to determine how many step sizes are present in the marker segment. However, there is not
necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with no requirement
to correct this marker segment.

Cgpc:

PLgpc:

The index of the component to which this marker segment relates. The components are indexed
2, etc. (Either 8 or 16 bits depending on Csiz value.)

0,1,

The resolution level index for the quantization values signalled. Equation A-11 shows how this marker
segment is constructed based on the resolution level index, lev, as well as the precinct index, prec.

lev prec < 256
PLapd = {128 +lev prec = 256

(A-11)

ition

PPgpc:

Sqpc:
SPqpc':

Fhe—+resolutiontevendexx-tev—tan+ange-from-0-to-Nr—where - N—is-the-rumber-of-decompos
levels defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause A.6.1.
The precinct index for the quantization values signalled. The size of this marker segment.parar
will be one byte when the PLgpc parameter is less than 128, but two bytes when PLqpg)is greater
or equal to 128. This parameter will then just hold the precinct index, prec. The precinCt index,
can range from 0 to numprecincts —1, where numprecincts is the number of preeincts at resol
level lev and is also defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B-8.

Quantization style for this component, resolution level, lev, and precinct;-prec.

Quantization value for the ith sub-band at resolution level, lev, in thé\defined order for lev in ¢
F.2.4. The number of parameters is at least as large as the numberof sub-bands in the relevant
component with the greatest number of sub-bands at resolutiontleyel, lev.

Table A.48 — Quantization precinct component‘parameter values

Parameter Size (bits) Values

QPC 16 OxFF5B

Lapc 16 510 199

Capc 8 0 to 255; if Csiz < 257
16 0 to 16383; Csiz > 257

PLgpc 16 Oto32o0r
128 to 160

PPgpc 8 0 to 255, PLgpd < 128
16 0 to 65535, PLgpd > 128

Sqpc 8 Table A.12

SPgpc! variable Table A.12

A.3.13 Extended capabilities (CAP)

Tablg A.49 defines

values.fob the Ccap? field.

Table A.49 — Ccap? syntax and semantics

heter
than
brec,
ition

ause
tile-

MSB

Values (bits)

LSB Part parameter

LXXX XXXX XXXX XXXX Block coder extensions may be present, as defined in COD or Q

oC

marker seqments
.;

XXX XXXX XXXX XXXX

present, as specified in COD or POC marker segments

The position-resolution level-component-layer progression order may be

All other values reserved

A.3.14 Precinct length, tile-part header (RLT)

Function: Provides a means to discover the locations of precincts within the tile-part, for progression orders in which the
packets of each precinct appear contiguously.

There may be zero or more RLT marker segments in a tile, serving collectively to provide the lengths of all precincts in
the tile. RLT marker segments may appear in multiple tile-part headers of the tile, so long as the precincts whose lengths
they provide appear in the same or a later tile-part header.

© ISO/IEC 2023
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NOTE - if any RLT marker segment appears in a tile, then the first tile-part header for the tile contains at least one RLT marker
segment.

All RLT marker segments within a tile-part header shall appear contiguously.

With the possible exception of the first RLT marker segment within a tile-part, RLT marker segments provide the lengths
of precincts from the tile, in sequential order, including all bytes of the precinct's packets, including any SOP marker
segments and/or EPH markers that may be found with the precinct's packets.

The first RLT marker segment within a tile-part header may, optionally, provide the lengths and contents of all other RLT
marker segments in the same tile-part header.

Usage: May appear in a tile-part header. If present, neither PPM nor PPH marker segments shall be used to contain packet
headgrs for the tile, nor shall the progression order for Spcod, Spcoc and Ppoc parameters of the tile be "Layer-resol
level-component-position progression” or "Resolution level-layer-component-position progression™.

ition

Length: Variable. The syntax is depicted in Figure A.13.
‘ RLT ‘ Lrlt ‘ Srit | Jrlt! |
T.801(21)_FA.13
Figure A.13 — Precinct length, tile-part header syntax
RLT:  Marker code. Table A.50 lists the size and values of the symbol and-parameters for the precinct Igngth
tile-part header marker segment.
Lrlt: Length in bytes of the RLT marker segment (not including the marker).
Srit: Size and type of the Jrlt' values, as defined in Table A.51. This field is encoded as a big-efdian
unsigned integer.
Jrlt': 16-bit or 32-bit unsigned integers that encode.precinct lengths or describe other RLT mafarker
segments. This field is encoded as a big-endian.unsigned integer.
Table A.50 — Precinct length, tile-part header parameter values
Parameter Size\(bits) Value
RLT 16 OxFF95
Lrlt 16 8 to 65534
Srit 32 Table A.51
Jrlt 16 or 32 0 to OXFFFFFFFF
Table A.51 — Srit values and semantics
Srit .
Value Semantics
[0, 23— 1] Total number of bytes in all subsequent RLT marker segments in the tile-part. The (i + 1)*"
subsequent RLT marker segment in the tile-part is described by Jrlt' as specified in Table A.5p.
Each Jrlt' is a 16-bit value.
23 16-bit unsigned Jrlt' values, providing precinct lengths
2%+ 1 32-bit unsigned Jrlt' values, providing precinct lengths
Table A.52 — Semantics of Jrit' values when Srlt is in the range [0, 23! — 1]
Jrlt value Interpretation
Even Subsequent RLT marker segment has [Jrlti/zj 16-bit precinct lengths
Odd Subsequent RLT marker segment has |Jrlt' /2| 32-bit precinct lengths
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Annex B

Variable DC offset, extension

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |
Interpational-Standardexeeptthe-multiple-compenenttransformationin-ArnexJd—The-capabititiesof the-codestream are
defirfed by the S1Z marker segment parameter Rsiz (see clause A.2.1).

This[annex specifies variable DC offset that converts the signed values resulting from the decoding processcto-the p
recopstructed samples. It can be applied to with both signed and unsigned component data.

oper

B.1 Variable DC offset flow

DC ¢ffset occurs external to any component transformations, i.e., prior to component transformations during encqding
and gfter component transformations during decoding. Figure B.1 shows the flow of DC\offset in the system wjith a
multjple component transformation from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex G.

reconstricted
sample

Inverse
component
transform

Inverse
wavelet
transform

Forward
wavelet
transform

Forward
component
transform

sample Inverse

DC offset

Forward

DC offset

—» coding ——»

T.801(21)_FB.1

Figure B.1 — Placement of the DC offset with multiple component transformation

e B.2 shows the flow of DC offset in the system without a multiple component transformation from |Rec.

T T.800 | ISO/IEC 15444-1, Annex G.
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T.801(21)_FB.2

Figure B.2 — Placement of the DC offset without multiple component transformation

B.2

If thg DCO marker segment is present in the main or tile-part header (see clause A.3.1), then the DC offset, O;, is spegified
by that marker. Alf'samples of a given component are offset by adding the same quantity to each sample as follows

I'(x,y) =1(x,y) +0;
DCO marker segment is present, then the DC offset is performed as described in Rec. ITU-T T.800 | ISO
1 Annex G

NOTE - If " is not of the same precision or dynamic range as the output data it can be rounded to the closest precision and clipped
in bounds.

Inverse DC offset

B-1)
EC

If nd
154

B.3

The variable DC offset allows user control of the actual offset value. The offset, O;, may be chosen as any value, but it is
suggested that it be within the dynamic range and precision of the original data. The default value for unsigned data is:

0, = 25t (B-2)

where Ssizi comes from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A. For signed data the default in Rec. ITU-T T.800
| ISO/IEC 15444-1, Annex G, is to have no offset (Oj = 0). Any other value shall be signalled in a DCO marker segment

Forward DC offset (informative)
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in either the main or tile-part header. All input data is then offset by subtracting the fixed offset from all samples in the
tile component. When using a variable DC offset in conjunction with a reversible transformation, the offset should be an
integer value.

I(x,y) = I'(x,y)-0; (B-3)

When a non-default offset is used, care shall be taken to adjust the number of guard bits to account for any potential
increase in bit depth of the offset data. If the offset, O;, is chosen within the dynamic range of the original data, then

increasing the number of guard bits, G, by one will be sufficient to handle any potential increase.

For most images the default offset setting gives good compression performance. However, for some images that have
sharply peaked histograms, with a small amount of highly contrasting data, significantly improved performance can be
obtained if the offset is set nearer the mode of the histogram.
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Annex C

Variable scalar quantization, extension

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 | ISO/IEC
15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation | Internat

Varigble scalar quantization extends the default scalar quantization described in Rec. ITU-T T.800 | ISO/IEC 154
Anngx E, to allow deadzones of variable width (up to four times the step size). Variable scalar quantizationsshall on
used|with irreversible filters.

Cl Variable scalar quantization

All

terminology and variables described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E, remain the same for va

scalgr quantization. An additional parameter nzy is used to convey the adjusted deadzone size.-The adjusted deadzong

is 2

(1-nzp)Ap. When nz = 0 this is equivalent to the scalar quantizer in Rec. ITU-T T.800.1 ISO/IEC 15444-1, Ann

withla deadzone of twice the stated step size. When nzy, > 0 then the deadzone is~smaller, and when nz, < 0 the

dea

Wh
sub

drone is larger. The value of nz,, shall lie in the range [-1, 1)V.

eh nz = 0 for all sub-bands, there is no need to transmit adjusted deadzone-factors. However, if nzy, = 0 for at leas
-band, then extended QCD, QCC, QPD, and/or QPC marker segments.shall appear in either the main header g

first [ile-part header of a given tile (see clause A.2.4). The value nz is.represented as:

Wh

num_nzp
215

nz, =

eh an extended QCD, QCC, QPD, QPC marker segment appears, the adjustment factors are either signalled for

ional
1).

iable
size
bX E,
N the

t one
r the

c-1)

each

sub-ipand explicitly, or else signalled only for the LL sub-band. The former is known as expounded deadzone adjustment

and

he latter is known as derived deadzone adjustment:"In the latter case, all the deadzone adjustment factors nz

deriyjed implicitly from the single deadzone adjustment factor nzy corresponding to the LL band, according to:

nz, = nz,

C2 Variable scalar dequantization for irreversible filters

For

generalized scalar dequantization’/with irreversible filters the reconstructed values are computed as:

(G (u, v) + r2Mp~NED) — 7 )4, Gp(u,v) >0
Ry (w,v) <3)(g, (u, v) — r2Me~N») — 7.4, qp(uw,v) <0
0 Qb(u' 17) =0

whelle nzy, is the transmitted deadzone adjustment factor from the extended QCD, QCC, QPD, QPC marker segment
all other parameters are as described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E. If there is no extended (

QC

d, QPD, QPD marker segment applicable to a component in the codestream, then nz,, = 0 for all sub-bands. Whe

= 0 thisformula is identical to the scalar dequantization used with irreversible filters in Rec. ITU-T T.800 | 1ISO
15444-%) Annex E.

The variable scalar quantizer shall only be used with irreversible transforms.

L are

Cc-2)

Cc-3)

5 and
CD,
N NZpy
IEC

C.3 Variable scalar quantization for irreversible filters (informative)

The quantized coefficients, qp(u, v), are computed from the unquantized coefficients, ay(u, v), by:

. lap(wv)|+nzplp
) - ’] 2 - A
0 v) = (51D [EEGEEE] 0, )] = —nzya, 4
0 lay(w, v)| < —nz,4,
D The "[" means the first value is included and the ") means the last value is excluded.
© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 37


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

where Ay, is the quantization step size included in the QCD, QCC, QPD, QPC marker segments of Rec. ITU-T T.800 |
ISO/IEC 15444-1, Annex A, and nzy, is a deadzone adjustment parameter included in the extended QCD, QCC, QPD,
QPC marker segments. If nz, = 0 for all sub-bands, then it need not be signalled. If nz, is identical for all sub-bands, then
the derived signalling may be used in the extended QCD, QCC, QPD, QPC marker segments.
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Annex D

Trellis coded quantization extensions

ISO/IEC 15444-2:2023 (E)

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |

Interpational-Standard—Fhe—capabilitiesefthe-codestrearmare-defined-by-the-SHZmarkersegment-parameterRsiz (see
clauge A.2.1).
This[annex specifies the trellis coded quantization (TCQ) option for encoding and reconstructing a sequence of wajelet
coefficients. TCQ shall only be used with irreversible transformations.
D.1 Introduction to TCQ
The [TCQ algorithm applies spatial-varying scalar quantization to its input sequence by choosing one of four scalar
quantizers for each sample. Quantizer indices from supersets of these quantizers along with-quantizer transitions ip the
form| of a trellis provide all information necessary to reconstruct TCQ encoded wavelet Cegfficients.
Figure D.1 depicts the four separate scalar quantizers (Dg, D1, Dy, and D3) used forthis Recommendation | Internatjonal
Stanflard. Included with this figure is information regarding scalar quantizéd indices (mp,), reconstruction Ipvels
(Rp,[mp,)), and eventual union quantizer indices (Qp,(mp,)) for each scalar, quantizer.
DO
< & & & & & 4 >
mp: ) 1 0 1 2 3
Rpy (mp,): ~8A —4A 0 3A 7A 1A
On (mp,): 4 -2 0 2 4 6
D,
< @ @ & @ @ 1>
mp,: -2 =1 0 1 2 3
Rp) (mp,): ~7A -3A 0 4A 8A 12A
on (mp): —4 -2 0 2 4 6
DZ
<o 4 @ & & & >
mp,: -3 -2 -1 0 1 2
Ry (mp)): 104 —6A “2A A 5A 9A
on (mp,): \$ -3 -1 1 3 6
D3
< @ ® o & >
mp;: 0 1 2 3
Rp (mp,): —9A -A 2A 6A 10A
Op,(mp,) -1 1 3 5
T.801(21)_FDA

Figure D.1 — Scalar quantizers used for TCQ

Figure D.2 shows the combination of these scalar quantizers into union quantizers, Ag and Ay, along with the indices
available with each quantizer and the corresponding reconstruction levels (R, (my,)).
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Figure D.2 — Union quantizers for TCQ
The gight state trellis directed graph with possible quantizer transitions is shown in Figure D.3, flowing left to right, where

each
are e

the s

0

Trellis State:

node represents a possible trellis state. Columns of nodes represent stages which are ordered from left to right. There
kactly K+1 stages if K data points are quantized. Each node in Figure D.3 is labelled @s/Ny s, where k corresporyds to

age index for the node and s is the trellis state of the node.

N.

D.2

Figure D.3 — Trellis showing node indices

Sequence definition

2
‘\_/ T.801(21)_FD.3
Stage 2

TCQ processing is performed independently on each codeblock. The coefficients of a given codeblock are scanned
following the order described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause D.1, to form a sequence of coefficients
processed by TCQ.
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D.3 Forward TCQ quantization (informative)

All TCQ code-block sequences within a particular sub-band b use the same quantization step-size Ap,. As with the scalar
quantization option described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause E.2, no particular selection of step sizes is
required for TCQ. In fact, the g, and Ly, values which parameterize Ay can be derived according to Rec. ITU-T T.800 |

ISO/IEC 15444-1, Equation E-5. A recommended algorithm for choosing the set of A, is that of Lagrangian Rate
Allocation (LRA) defined in clause D.5.

Regardless of the algorithm for choosing the A, parameters e, and L, are determined to most closely represent the desired
Ay by the following:

A, = 2Rp=ep=1 (1 + ”—b) (D-1)

211

where, as described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause E.1, Ry, is the dynamic range of sub-band b. The g,
and L values are then used to set the SPgcdi, SPqcc!, SPqpdi, SPapci parameters in the QCD, QCC, @PD;, QPC mprker
segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.4 and A.6.5).

Sevefral look-up-tables (LUTS) are used for purposes of forward quantization. Table D.1 specifies four pre-defined LUTs:
N§ (Ni.s) and NF (N, ) define the parent nodes for Ny s in the trellis; D§ (N, ;) and Df (N, define the scalar quantizers
that lead to Ny s from its parent nodes. Five other LUTs are maintained during forward quantization.

— gp(D;j) holds the best quantizer index for each scalar quantizer;

— dp(D;j) holds the resulting distortion due to each scalar quantizer;

— dn(Ngs) holds the cumulative distortion at node Ny s, (surviver distortion);

—  B(Nggs) holds the parent node which yields lowest survivor distortion at node Ny ;

— N (Ngs) holds the index for the quantizer which leadsfrom parent node B (N s) to Ny s.

The complete TCQ encoding algorithm which determines the sequence gy of quantized indices for a particular code-thlock
sequence is outlined in Figure D.4 and Table D.2. Additionally, optimum progressive TCQ performance is achieved yhen
the three entropy coder passes (see Rec. ITU-T T.800.| dSO/IEC 15444-1, Clause D.3) for the last bit-plane of a given
codefblock are concentrated into a single packet.

X A

!

Initialization

Increment k&

A

SQ

Label

No

Yes

Trace Back

}

A, Negation ———— > 4,

T.801(21)_FD.4

Figure D.4 — Forward TCQ processing
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Table D.1 — Parent LUTSs for k > 0 in the trellis of Figure D.3

Node Parent nodes Parent scalar quantizers
N§ (Ni.s) NS (Ni.s) D§ (Nis) Df (Nis)
Ny o Nk-10 Nk-11 Do D
N, 1 Nk-12 Nk-13 D, D3
Ny, 2 Nk_14 Nk-15 D; Do
Ni, 3 Ni-16 Nk-17 D3 Dy
N, 4 Nk-1,0 Nk-1,1 Do Do
Ny s Nk-1.2 Nk-13 D3 Dy
N, 6 Ni-14 Nk-15 Do D;
Ny, 7 Nk-16 Nk-17 D, D3

Table D.2 — Description of functional blocks in Figure D.4

Block Description
Init|alization Set dy (Npg) =0anddy(Nog) =cofors=1,...,7. Setk=0.
SQ For each quantizer D; (i = 0, 1, 2, 3), find the best quantizer index and compute its squared error., i.e.,
dp(D;) = min{(x, <Rp,(m))*}

and set gp (D;j) equal to the minimizing index value m¢

Label For each stages=0, ..., 7:
if (dy (N§ (Nis1,5)) + dp (D (Niggn ) < dy(NF (Niy1,6)) + dp(DF (Niey1,5))):
dy(Nier1,8) = (NG (Ve 1,6)) + dp (D (Niey1,6))
an(Nit1s) = o (Dg (Nicy1,6))
B(Ni+1,s) = N({)(Nk+1,s)
else:
dy(Nis1,) = dy(NF (Nis1,6)) + dp (Df (Ni1,6))
qn (Ni+1,s) = qD(Df(Nk+1,s))
B(Ni41,5) = Nf(NkH,s)

D1 At end of data Sequence?
Inck Increment/the sequence index k.
Trage Back Set k="K. Find sy, (out of spjn=0, ..., 7) such that dy (Ny s, . is minimum. Set N = Ny o .

While (k > 0):

Ok—1=0dn(N)
N = B(N)
k=k-1

A, INégation If using A; union quantizer and if g = 1 then set q¢ = |[-1

T using Ay union quantizer and IT g, = —1 then Set gy = 1.

D.4 Inverse quantization (normative)

Decoded TCQ quantized indices may be reconstructed to wavelet coefficients using either the recommended full TCQ
dequantization process or an approximate scalar dequantization. The full TCQ dequantization process should not be used,
however, when the cleanup pass of the last bit-plane for the current code-block sequence is not fully decoded. This can
occur when only part of the codestream has been transmitted or decoded.
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D.4.1  Full TCQ dequantization

This approach for reconstructing wavelet coefficients uses the same quantization step size as defined in Equation D-1,
where g, and py, are derived from the SPgcd!, SPqccl, SPqpdi, SPqpc! parameters in the QCD, QCC, QPD, QPC marker
segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.4 and A.6.5.

The full dequantization process is outlined below in Figure D.5 and Tables D.3, D.4 and D.5. Input to this process is the
code-block sequence of TCQ indices qx (equivalent to g, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,

Equation E-1) and its output is the sequence xy of reconstructed wavelet coefficients for the current code-block.

G A,

4

Initialization

« Increment k
v

A

Update Superset
index

!

Reverse
A, Negation

}

Reconstruct

}

Update Trellis
State

T.801(21)_FD.5

Figure D.5 — Full inverse processing for TCQ indices

Table D.3 — Description of functional blocks in Figure D.5

© ISO/IEC 2023 - All rights reserved

Block Description
Initjalization Initialize the'trellis state index s and the sequence index k: s = 0; k = 1.
Update Superset Index Setthe eurrent union quantizer index using Table D.4: a = A(s).
Revierse A; Negation If a = Ay and if Ok = 1 then set Ok -1.
Ifa=A; and if g, = -1 then set gy = 1.
Redonstruct Form reconstructed coefficient x:
{—rﬁb Ra(qr) >0
Ze=Ra(qr)+4 0  Ra(qe) =0
T4y  Ra(qr) <0
where R,,(m) is defined in Figure D.2, and r is a reconstruction parameter.
A reasonable setting is r = 01,25 when | g, | < 2 and r = 0 otherwise.
Update Trellis State Update the current trellis state using Table D.5: s = S(s,q )-
D1 At end of code-block data sequence?
Inc k Increment the sequence index k.
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Table D.4 — Look-up table for A(s)

Current state s A(s)
0 Ag
1 Ay
2 Aq
3 Aq
4 Ay
5 Ag
3 AL
7 Aq
Table D.5 — Look-up table for S(s,qx)
Current state s gyx Odd/Even S(s,0K)
Even 0
0
Odd 4
1 Even v
Odd 0
Even 1
2
Odd 5
Even 5
3
Odd 1
Even 6
4
Odd 2
Even 2
5
Odd 6
Even 7
6
Odd 3
Even 3
7
Odd 7
D.4.2  Approximate dequantization
Unlike the full dequantization;this approach uses twice the step sizes defined in Equation D-1. Specifically,
4, = 2% (14 42) D-2)

The ppproximate déguantization process is outlined in both Table D.6 and Figure D.6. Input to this process is the ¢ode-
block sequence-ofpartially or fully decoded TCQ indices gk and its output is the sequence of reconstructed wavelet
coefficients forsthe current code-block. This dequantization technique corresponds to the basic scalar dequantizption
descfibed in,Rec. ITU-T T.800 | ISO/IEC 15444-1, and as such, does not require special processing to reasonably dgcode
TCQ indiees.

44 Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

4 B

)

Initialization

&
<

h 4

Increment k

3

Zero LSB

J_ No

. 2

Yes A

D1

A\ 4

Reconstruct

v
=

T.801(21)_FD.6

Figure D.6 — Approximate dequantization of TCQ indices

Table D.6 — Description of functional blocks for Figure D.6

Block Description
Initfalization Initialize the sequence index k: k = 1.
Zerp LSB Zero out LSB of .
Redonstruct Form reconstructed coefficient xy:
( + rZMb_Nb(k)) A
Ak bq >0
B = (qk + rz“b‘””“‘)) 8,3k <0
Qi =
0,
where My, Np(k), and r are as defined farRec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-8.

D1 At end of code-block data sequence?
Inck Increment the sequence index k:

D.5 Lagrangian rate allocation (informative)

This[algorithm uses three sets of parameters to determine all sub-band step sizes. The first set is listed in Table D.T and
provjdes statistics for each sub-band, including standard deviation (op), size weight (By), energy weight (Yy)| and
generalized Gaussian density(GGD) parameter (o). The second set of parameters include oy, and quantizer-depemdent
parameters which are listed~in” Tables D.8, D.9, D.10 and D.11. The parameters listed in these tables are based on
expefimentally obtainedrate-distortion data for both TCQ and scalar quantization in conjunction with the entropy ¢oder
descfibed in Rec. ITU:T T.800 | ISO/IEC 15444-1. Finally, the last parameter set simply provides the free paramgter A
which is used during.constrained minimization of overall image domain mean-squared error.
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Table D.7 — Sub-band statistics required for LRA

Statistic Description
G Standard deviation for sub-band b.
By Size weight for sub-band b (the proportion of the number of coefficients in sub-band b to the total number
of image pixels).
Yy Energy weight for sub-band b (the amount of image domain squared error introduced by a unit error in a
single wavelet coefficient for sub-band b).
o GGD parameter for sub-band b. Found by solving,
T — %p)* _ r (%) r (a_lb)
2 2
(0)? r ( 0% )
where Xy is the sequence of data for sub-band b and xis its mean.
Table D.8 — py, parameters for TCQ
ap=0.5 ap =0.75 ap =10 oap=15 op =20
my, -1.6610 -1.6610 -1.6610 -1.6610 -1.6610
an -0.2985 0.0765 0.2144 0-3023 0.3186
Y1 —2.3000 3.0000 -0.8239 -0.5229 0.2218
m, 0.0563 0.0000 —0.1950 -0.3344 -1.4917
a 0.1480 0.0000 —041:240 -0.1526 -0.3311
\2) —2.3000 —2.2080 018237 -0.5229 -0.2218
a 72.0781 2.2543 70.1885 1.2153 1.3267
-0.0938 0.0460. 0.0487 0.0750 —0.0040
283.2414 1477723 598.0913 32.7548 70.8032
me 1.6610 1.6610 1.6610 1.6610 1.6610
Table D.9 — Ay parameters for TCQ
oy =05 ap=0.75 op=1.0 oap=15 ap=20
my’ 0.5000 0.5000 0.5000 0.5000 0.5000
ap’ 0.2250 0.2250 0.2250 0.2250 0.2250
yi' ~4.,0000 -3.3980 —3.0000 -3.0000 —2.3980
my’ 0.0276 0.0237 0.0311 0.0213 0.0473
a’ 0.1096 0.0828 0.0925 0.0627 0.1081
yo! —4.0000 -3.3980 —3.0000 -3.0000 —2.3980
a £995.00UU ©£0U0BUUU.UUUU 099.05UU 01Z69UUU.UUUU 1oUb. 7UUU
¢ -1.5067 -1.1329 —-0.8759 -0.5922 0.5818
p’ 855.3700 102500000.0000 1523.9000 321130000.0000 6809.0000
m¢’ 0.2117 0.3028 0.3903 0.6518 15.3783
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ap=0.5 ap =0.75 op=1.0 oap=15 ap =20

my, -1.6610 -1.6610 -1.6610 -1.6610 -1.6610
an -0.1026 0.2744 0.4249 0.5095 0.5285
\1 —0.7847 -1.3863 -0.7791 —0.6482 —0.3968
m 0.4060 —-0.0942 -0.4315 -0.7034 -1.5322
q 0.3186 -0.1306 —0.3362 —0.4559 -0.6079

V2 —U.419T —U.4T15 —0.3435 —U.1787 —0.0599
a 0.5912 0.4934 0.3859 0.1501 0.0350

4 0.1721 0.0819 0.0424 0.0227 010249

p 3.2225 4.0915 3.8673 2.5889 1.4163

me 1.6610 1.6610 1.6610 1.6610 1.6610

Table D.11 — Ay parameters for SQ

op=0.5 op =0.75 op=1.0 op =15 ap =20

my’ 0.5000 0.5000 0.5000 0.5000 0.5000
ap’ 0.4687 0.4687 0.4687 0.4687 0.4687
v —2.4000 -1.9376 -1.4771 -1.4569 -1.5025
m,’ 0.0498 0.0837 0.0643 0.0439 0.0364
a 0.1196 0.1622 0:0949 0.0640 0.0547
Yo' —2.4000 -1.9376 —1.4771 -1.4569 -1.5025
a 3.4746 10.7335 4.8908 3.8051 5.3635

1< ~0.6358 -0.5266 -0.6001 -0.5131 -0.0280

p’ 16.9615 85.2986 82.0612 32.4838 29.9839

m¢' 0.1851 0.12469 0.2837 0.4051 2.0851

The |LRA process is defined in Figure D.7'and Table D.12.
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Figure D.7 — Lagrangian rate allocation
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Block Description
Set R, Set R}, equal to desired bit-rate Rp,.
Choose A Provide initial estimate for Lagrangian multiplier.
Compute pb pp = Ry + R¢ +R, for each sub-band b, where Ry, = mpv + &y,
1
v+a-&\P1p _
R, = mca{[1+(—a ) ] 1}, forv >y,
- 8; therwise
_ mlv+al,v>y1 _ (L)
Ry = { 0,otherwise where v = log Y0l
Compute R*
P R x= Z BuPy
b
D1 R* within tolerance of Rp?
Adjpst A Properly tune A so R, and R* converge within tolerance.
Corpipute Ay Ap, = 102n*2c+2c for each sub-band b where A, = m,,v + a,,
1
oo v+a'-§\P v /
Aczlmca [1+(T) ] -1, forv>@,
k 0, othepwise
m+a,v >y, 2
A = 1 (2 1 — ( )
L { 0,otherwise Wogre v = log Yb0ph
Qugntize Use Ay, to quantize wavelet coefficients.
Entfopy encode Run quantized indices through variable lengthencoding.
Megsure Ry Measure achieved rate resulting from step Sizes.
D2 R within tolerance of Rp?
Adjlst R, Properly tune R, so Ra and Rp canverge within tolerance.
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Annex E

Visual masking, extensions

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 | ISO/IEC

15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation | Internat
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Thisjannex describes an option that allows the coder to exploit the masking properties of the human visual system:

E.l Introduction to visual masking (informative)

Visupl masking is a mechanism where artefacts are masked by the image acting as a background signal. The main g
to improve the image quality, especially for low resolution (often measured in dots per inch, orBPI) displays. The
effedt of this technique is to improve the image quality, where the improvement becomes greater as the image bec
morg complex. The key area of improvement is in low amplitude textures, such as skin. Anether area of improvems
in knjife-edges (i.e., those with zero transition width) in graphical images created digitally.. ¥he second main effect o
technique is that for a given fixed bit-rate, the image quality is more robust against variations in image complexity.

21).

bal is
first
bmes
ntis
f this
This

is agcomplished at the encoder via an extended non-linearity interposed betwe€en/’ the transformation stage and the

quantization stage. At the decoder, the inverse non-linearity is applied after deguantization, prior to the inverse wa
trangformation (see Figure E.1).

E.2 Point-wise extended non-linearity (informative)

The ¢xtended masking option treats visual masking as a combination of two separate processes, i.e., self-contrast ma
and neighbourhood masking. The visual masking effect is therefore exploited in two steps. The first step exploits the
contfast masking effect by applying a point-wise power function (referred to here as the transducer function) to the ori
coefficient x; obtained using an analysis filter with gainy(See Rec. ITU-T T.800 | ISO/IEC 15444-1, Table E.1), i.e,

a
x; =y = sign(x; - gain
i >y = sign(x) gainb| gain,
Forward Point-wise
X z L
—_—> wavelet extended Quantization ————p
transform non-linearity
Encoder
Inverse ;
X Maskin z L
— wavelet < g < Dequantization f¢———
compensation
transform

Decoder T.801(21)_FE.1

Figure E.1 — System diagram for point-wise extended masking extension
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Figure E.2 — Non-uniform quantization for self-contrastimasking

Equdtion E-1 is applied to all sub-bands above some specified resolution.using the same value for o. The parameter o
assuimes a value between 0 and 1. A typical value of o is 0,7. Typically apeint-wise extended non-linearity is not applied
to the LL sub-band.

If ungform quantization is to be applied to y;, the resultant quantization step sizes as a function of the coefficient value x;
is shpwn in Figure E.2. The quantization bins increase as the caefficient amplitude increases. This step assumes thatjeach
signgl with which a coefficient is associated is lying on a\common flat background. Under this assumption, {y;} are
percgptually uniform. In a real image, however, this is ustally not the case. Each signal is superimposed on other spatially
neighbouring signals. There is some masking effect contributed from spatially neighbouring signals due to the phase
unceftainty, receptive field sizes, as well as possible-longer range effects. To further exploit this neighbourhood magking
effeqt, the second step normalizes y; by a neighbourhood masking weighting factor w; which is a function of the amplifudes

of the neighbouring signals, i.e.,
Vi—zZ = :,_LL E-2)
where w; is a function g(.) of thecausal neighbouring signals as perceived by the decoder X, denoted in a vector fom as
Ni({§x}. ie.,

w; = g(N;({Xx}))
The resultant z; is thén subject to quantization. An advantage of this strategy is its ability to distinguish between Jarge

amplitude coefficients that lie in a region of simple edge structure from those in a complex region. This feature will agsure
the dood visual_gquality of simple edges on a smooth background, which is often critical to the overall perceived Visual

quality.
Sincg theneighbourhood weighting factor w; shall be computed by the decoder as well as the encoder, the degoder

perc ned eighalc ‘?l shall he r\nmplltnrl to-irclude-the-effectsof qnahti?atinn ahd-reconstruction—Fhat-is-

2 “1(Q(lz; ~ 1/a

gaing gaing

where Q() denotes a quantization operation. The x; depends on previously computed values in the causal neighbourhood,
S0 X; is always well defined.

This simulation of the quantization process is used by the encoder to ensure that both the encoder and the decoder perform
exactly the same operation to calculate w;j. For non-scalable coding, this is a relatively simple problem. The encoder will

use the final quantized neighbouring coefficients to calculate the neighbourhood masking factor.

For embedded coding the encoder cannot do the non-linear transformation based on the exact final compressed and
quantized version of the coefficient xy because the "extended non-linearity" is applied prior to scalable compression and
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the decoder might receive a truncated bit stream. Nevertheless, this discrepancy in w; can be completely eliminated or
reduced by using the same course quantization value from bit truncation of the neighbouring coefficients to calculate the
masking weighting factor w; at the encoder and the decoder. This is accomplished by maintaining only the bits_retained
most significant bits of Q(|z;]) in the above formula (the rest of the bits are replaced with 0). As long as bits_retained is
small enough (with respect to the lowest interesting bit rate at the decoder), the decoder will be able to obtain exactly the
same quantized (bit truncated) version of the neighbouring coefficients. The compromise is a coarser granularity for w;
which may slightly affect the accuracy of the masking model. But experiments have suggested that the performance
usually is not very sensitive to which quantized version of the neighbouring coefficients is used.

Visual masking may be applied to all resolution levels that have an index value not less than a particular level minlevel

whi

can be specified in the bit stream. For example, if minlevel is set to 1, then the extended non-linearity is appli

d to

all su

E.3

Whe
quan
the f

b-bands except the lowest LL band.

Decoding with visual masking

h the VMS marker (see clause A.3.2) is present for component ¢, then the following shall occurbetween in

tization and inverse DWT. In component c, for each sub-band b with resolution level r not less than minlevel, ex
bllowing formula in raster order over sub-band b:
2 P B 1/a
X = Sign(zi) [ gailnb| (1 + (a Zkeneighbourhood $| )/l(pll)] : gainb

15444-1, Table E.1). The normalization constant a is defined as (1000/2®=D)Awhere R, is the bit-depth of the spa

Whe{ Z; is the coefficient under consideration, and gainy is the analysis filter gain-(see Rec. ITU-T T.800 | ISO
recomstructed component samples as specified in the SIZ marker segment(see“Rec. ITU-T T.800 | ISO/IEC 154

claug
(win
shrin
resp

The

whetle Ay is the quantization step size and ||z;|/4b{is an integer containing My, unsigned bits. See Rec. ITU-T T.

ISO

» Z

e A.5.1). The neighbourhood is a causal neighbourhood of the curréntcoefficient, zj, having a nominal heig
| width+1) and width of (2win_width+1) (see Figure E.3). The neighliourhood excludes the current coefficient, z
ks to respect sub-band boundaries. The neighbourhood .also" shrinks to respect code block boundari
ct_block_boundaries = 1. |¢;|is the number of pixels in the-neighbourhood of z;.

alue X; is computed from a bits_retained quantized version of z; denoted §; as shown in Equations E-5 and E-

G; = |lz;|/4,] with all but the bits_retairied MSBs replaced by zero

EC 15444-1, Clause E.1, for definitions of\Ap and M.

OTE 1 — For example, if z; = —36, A, = 5, and My, = 10, then ||z;|/Ab] = 00 0000 0111 (in binary). If bits_retained < 8
= 0. If bits_retained = 8, then §; = 4.

N =2win width 31 =35,[¢[=12."*"
current coefficignt, "x" are the causal
surrounding coefficients. X[ x| x| x|x

erse
pcute

E-4)

IEC
ially
14-1,
ht of
, and
s if

o)

E-5)
B00 |

then,

T.801(21)_FE.3
Figure E.3 — Causal neighbourhood
1/a
%] 4iA o |P
_gt:cinb = [gqaifb (1 + (a Zkeneighbaurhaod gtji’;lb| )/l(pl|>] (E-G)

The values of minlevel, a, B, win_width, respect_block_boundaries, and bits_retained, all of which can differ for each
component, are given in the VMS marker segment (see clause A.3.2).

NOTE 2 — When respect_block_boundaries = 1, it allows parallel implementation and restricts error propagation, but may sacrifice
some performance.
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E.4 Encoding with visual masking (informative)

When employing visual masking on component c, the following should occur between the DWT and quantization. In
component ¢, for each sub-band b with resolution r not less than minlevel, execute the following formula in raster order
over sub-band b:

a
sign(x;) | -gaing

P
o] )/|<pi|
where x; is the wavelet coefficient under consideration, and the parameters gainy, a, neighbourhood, and |¢;| are defined
as inelabse-E-3—Fhe-valuesis-defined-asin-EquationsE-5-and-=-6-

The yalues of minlevel, a, B, win_width, respect_block_boundaries, and bits_retained, all of which can differ for|each
component, are recorded in the VMS marker segment (see clause A.3.2).

Xi
gainy

(E-7)

Zi =

1+<a Ykeneighbourhood

E5 Setting parameters (informative)

The Jparameter  assumes a value between 0 and 1, and, together with win_width, is used,to~control the degrg¢e of
neighbourhood masking. The parameters § and win_width play important roles in differentiating coefficients aroynd a
simple edge from those in the complex area. The parameter win_width controls the degrée of averaging; 8 controls the
influpnce of the amplitude of each neighbouring coefficient. It is important that § assumes a value much smaller thign 1.
A good value of B is 0,2. This helps to protect coefficients around simple sharp edges,.since the coefficients around gharp
edgep usually have high values. A small value of 3 suppresses the contribution of ‘a few large coefficients around gharp
edgek to the masking factor, thus implicitly distinguishing coefficients around sharp edges from coefficients in a conpplex
regign.

A spgcial case of the point-wise extended masking approach is the self-eontrast masking approach achieved when(]| B is
set tp 0. The self-contrast masking is referred to as the case where.the mask signal is at exactly the same frequgncy,
orierftation and location as the distortion signal. This masking appreach assumes that the wavelet band structure isfused
and filters are a good match to the visual system's underlying:ehannels, which is usually not true. Therefore, it may [have
an oyer-masking problem at diagonal edges, especially at relatively lower bit rates.

Somg parameters that are encoded into the VMS markersegment (see clause A.3.2) are a, B, bits_retained (the number
of mpst significant bits to be retained for obtaining-quantized neighbouring coefficients), win_width (half of the cpusal
neighbourhood window width, i.e., N = 2win_width-+ 1), and minlevel (the lowest frequency level at which masking will
start]. A good set of values for these (parameters are 0,7, 0,2, 9, 6, and 1, respectively. The switch
respgct_block_boundaries is also included(in,the VMS marker segment.

E.6 Compatibility with other'technologies (informative)

The yisual masking extension works with both scalar quantization and TCQ (see Annex D) for irreversible filters. It can
be cambined with visual frequency weighting (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause J.12) to further imgrove
the fisual quality. Typicalyy'the transform coefficients are multiplied by CSF weights before they are subjected tp the
"transducer" function~tn-some implementations, however, it is more convenient to interchange the operations be¢ause
the ¢SF weighting.€anthen be incorporated into the rate distortion optimization. To do this, the CSF weights, origipally
designed for the.x\domain, are modified so that they can be applied in the z domain are raised to the power a..
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Annex F

Arbitrary decomposition of tile-components, extensions

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 15444- 1 that can be used alone or in conjunctlon with any of the other extensmns in this Recommendatlon |
Interp aneard: 3 Saams y-the-StZ-rarker-segmen aFa (see
clauge A. 2 1)

The pxtension described in this annex specifies options available for forming wavelet sub-band decompositions] The
notafional conventions are first introduced followed by updates to various equations, text, decompositionsandproceglures
from Rec. ITU-T T.800 | ISO/IEC 15444-1. Many of these new and updated procedures are defined recursively. Except
for Variables that are included in a recursive procedure's output parameter list, all variables for recursive procedures are
maintained with internal copies that do not change outside of the procedure's scope.

F.1 Wavelet sub-bands

This|Recommendation | International Standard provides four tiers of detail for specifying two-dimensional bandpass
signgls (called sub-bands) at various spatial resolutions. Each tier provides moresinformation in defining finer detil in
the spib-band decomposition structure. These tiers are defined below, starting with. the tier with the lowest level of detail.

F.1.1 Tier 1: Number of decomposition levels

The ffirst tier in defining sub-band decompositions is the number of wavelet decomposition levels, N_. This valpe is
signglled for each tile-component in the COD or COC markers.as specified in Table A.15 of Rec. ITU-T T.800 |
ISONEC 15444-1. As with that Recommendation | International;Standard, decomposition level indices are 1 for highest
resolution sub-bands and N, for the lowest resolution sub-band. Resolution indices, on the other hand, are labelled|with
valug zero for the lowest resolution and N for the high&st resolution. A value of zero for Ni_ indicates no wgvelet
trangformation for the tile-component.

F.1.2 Tier 2: Resolution formation

The various spatial resolutions are obtained.through joint/disjoint horizontal and/or vertical downsampling of h|gher
resolutions. As a result, spatial resolutions'with subsampling factors from the original image that differ in the horizpntal
and vertical directions are allowed. Astin Rec. ITU-T T.800 | ISO/IEC 15444-1, the orientation of each spatial resolition
(or spb-band) is specified with a two-character code, where the first letter indicates horizontal filtering, the second |etter
indidates vertical filtering, and the;letters L and H indicate lowpass or highpass filtering followed by decimation|by a
factdr of two. This annex alse~provides for the third letter X to indicate no vertical/horizontal filtering and decimgtion.
Sinceg spatial resolutions arenot produced with highpass processing and no two spatial resolutions can be the same, fhere
are three possible orientations for each resolution: LL, LX, or HX. The signalling required to specify resolution formption
is achieved via the COD, COC, and DFS marker segments (see clauses A.2.3 and A.3.3) as described in clause F.2.p.

F.1. Tier 3: Sub-level decompositions

Wavglet sub=bands resulting from the first two tiers of wavelet processing may be further decomposed into new|sub-
bands of<reduced bandpass extent. The concept of decomposition sub-levels is used to help convey this detail tief. An
Hlevel
4) for

signalling the maximum number of sub-levels, 6(lev), for each decomposmon level is described in clause F.2.

F.14 Tier 4: Horizontal and vertical splits to variable sub-level depths

Not all sub-bands have to be decomposed to the maximum sub-level depth. As a result, sets of sub-bands with non-
uniform size at the same decomposition level may be produced. The look-up-tables (LUTs) S() and J() defined in
clause F.2 show how information in the ADS marker segments (see clause A.3.4) is used to signal the varying sub-level
depth throughout complete wavelet decompositions.

Sub-bands can also be split disjointly in the horizontal and vertical directions, thus allowing sub-bands with subsampling
factors from the original image that differ in the horizontal and vertical directions. As a result, sub-bands may be further
decomposed into three separate sets of new sub-bands, as depicted in Figure F.1. The first set has decomposition sub-
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levels with LL, HL, LH and HH orientations that result from joint horizontal and vertical splits as in Rec. ITU-T T.800 |
ISO/IEC 15444-1. The second set yields only LX and HX orientations that result from just horizontal splits of a sub-band.
The final set provides XL and XH orientations that result from just vertical splits. In addition to indicating sub-level depth,
the LUT S() provides details necessary to specify joint and disjoint horizontal/vertical processing. Figure F.1 also shows
how the elements of S() would be assigned for such processing. As a result of disjoint horizontal and vertical processing,
sub-bands may be produced during wavelet processing which have different horizontal and vertical downsampling factors
from the original image. The LUT R(lev) is defined in clause F.2 for specifying the level and orientation of decomposition
level lev.

Each of these three LUTSs (S(), J() and R()) are used throughout most of the procedures defined in this annex. However,
to avoid clutter, usage of these LUTSs in a procedure is not explicitly specified unless these LUTs are modified by that
procgaure.

F.1. Complete sub-band notation

A cojon separated notation is used to label the index b of sub-band ay, for the four tiered wavelet decompasition approach
defirled in this annex. This notation (which is a simple extension of that given in Rec. ITU-T T.800,| ISO/IEC 15444-1)
begins with an index lev corresponding to the decomposition level of the sub-band, followed by thetwo-letter orientgtion
for the first sub-level decomposition. For sub-bands with greater than one sub-level, a colon follewsialong with the second
sub-level decomposition orientation. A final colon along with the third sub-level decompesition orientation endp the
notafion for sub-bands with greater than two sub-levels.

LL HL
Decomposition of 4, Sl Si(ay)
a) a,
SE(GI)) S}(a],)
LH HH
LX HX
Decomposition of a,
b) a, > SU(a,,) S|(a},)
XL
¢) a Decomposition of @, Solay)
b >
XH
Si(ay)
T.801(21)_FF.1

Figure F.1 — Possible splits of sub-bands

F.1.6 HorOrient, VerOrient and PrimeQOrient sub-band operators

To ald definitions of procedures in this annex, the operator HorOrient(ay,) refers to the last filtering operation (H, L, r X)
whidh has been-applied in the horizontal direction to a given sub-band ap, while the operator VerOrient(ay) refers tp the
last fliltering.opération (H, L, or X) which has been applied in the vertical direction to a given sub-band ay. The opgrator
PrimeOrient(ay) is used to refer to the orientation (LL, LX, XL, HL, LH, HX, XH or HH) of the highest sub-level|sub-
band which eventually spawns into sub-band a, within the same decomposition level. For example, for sub-pband
ap = a1 H-nx, HOrorient(ay) = H, Verorieni(ay) = X, PrimeOrient(a,) = LH.

F.2 Equation, text and decomposition updates

The arbitrary decomposition capability introduced in this annex impacts several clauses of Rec. ITU-T T.800 |
ISO/IEC 15444-1 outside of the wavelet transform. These affected clauses are specified below along with updates to
allow conformance with this annex.

F.2.1 Updates to N_LL references

General references to sub-band Ny LL are made throughout Rec. ITU-T T.800 | ISO/IEC 15444-1. To conform to the
extension specified in this annex, these references should be updated to any of the N LL, N LX or N XL sub-bands.
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F.2.2 Context updates

The wavelet sub-level and horizontal/vertical disjoint processing introduced in this annex require updates to the context
propagation shown in Table D.1 of Rec. ITU-T T.800 | ISO/IEC 15444-1. An update for this table is shown in Table F.1,

with references made to Figure D.2 of Rec. ITU-T T.800 | ISO/IEC 15444-1.
Table F.1 — Updates to contexts for significance propagation and cleanup coding passes
Sub-bands with primary orientation Sub-bands with primary orientation Sub-bands with primary Context
of LL, LH, LX, XL, or XH of HL and HX orientation of HH Label®
PR X% [ Xh | L | X% | 2B | oG | 2B
+ Vi)
2 xby X X 2 X X >3 8
1 >1 X >1 1 X >1 2 7
1 0 >1 0 1 >1 0 2 6
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 1 4
0 1 X 1 0 1 3
0 0 >2 0 0 >2 >P 0 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
3 [The context labels are indexed only for identification convenience in this Specification. The actual identifiers used is a matter

b)

of implementation.
X = do not care.

F.2.3

This
to:

The
defin

Extension to Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-14

equation shows how tile-components divide into resolution levels, and should be updated for this annex accofding
_ tcxg _ texq
trxg = ZGET_HOR DERTH(N 1) trx; = ZGET_HOR DEPTH(N 1)

_ tEyo tcyr
try, = [ZGET_VER_DEPTH(NL—r)] try, = [ZGET VER DEPTH(N — r)]

itions of these algorithms are depicted in Figure F.3.

lev GET_HOR-DEPTH HOR_DEPTH lev GET VER_DEPTH VER_DEPTH

T.801(23)_FF.2

Figure F2--Parameters for the GET_HOR_DEPTH and GET_VER_DEPTH procedures
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F.2.4

From Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-15 (defining sub-band dimensions tbx; and tby;), Equation E-4
(defining sub-band gains gainy) and Equation E-5 (defining the number of sub-band decomposition levels, ny) as well as
the order, O(), of compressed sub-band data inside packet bitstreams and the dimensions xpb and ypb for precincts in each
sub-band are defined for this annex by the front end procedure SET_SUBBAND_INFO shown in Figures F.4 and F.5
along with the recursive procedure RECUR_INFO defined by both Figures F.6 and F.7. The SET_SUBBAND_INFO
procedure first calls the procedures INIT_6 and INIT_S_R (defined in clause F.2.5) to set up the LUTs R(), S() and J()
using the N, dr(), and Ig information retrieved via the COD, COC, and DFS marker segments and the dg(), lg, ds(), and
Is information retrieved via the DFS and ADS marker segments (see clauses A.3.3, A.3.4 and F.2. 5) The B-15 updates

Remaining updates

ISO/IEC 15444-2:2023 (E)

e-order
brder
the
:OD
.800 |
eater
j of

length J(S(ap)), the j index in RECUR_INFO is decremented to cause processing to recurse on the-hext lowest resolfition
level
GET_HOR_DEPTH GET_VERDEPTH
D=0 D=0
=1 =1
> HOR _DEPTH =P VER DEPTH + D
No HorOrient (ag,) # X DONE VerOrient (az,) # X DONE
D= D] D=D+1
) S|
v
I=1+1 I=1+1
| | T801(21)_FF3
Figure F.3-The GET_HOR_DEPTH and GET_VER_DEPTH procedures
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Ny
e
dy()
L thx, thy,
I
—9> gainh
ﬂb SET SUBBAND_ INFO n,
] —”
— 00
dy() ’
I )
T.801(21)_FF4

Figure F.4 — Parameters for the SET_SUBBAND _INFO procedure

SET_SUBBAND_INFO

60 = INIT_O(N,, dy(). 1)

}

S0, R() = INIT _:

S_R(N,. dy(). L. di0). 15, 00)

I

58

lev =1
k=0
Xy = Iex,
x|, = fex,
Yo = Icyy
R ot
> lev> N, Yes K=k
No
gain=1 No
n=(GET HOR DEPTH(/ev 1) DONE
= R(lev —1)x; + GET_VER_DEPTH(/ev - 1))/2
1 = tR(lev A 1)x) A= S(agger 1)) Yes
o = IR(Aev=1)y,
| =AR(lev —1)y, l
OK—k=0'k)
LG VR L ) e (4 1 P PR A P
= RECUR_INFO(R(lev 1), x, , l
. PPy PPy
gain,n, k,2° 7,27 )
i k=k-1
]
lev = lev +1
‘ T.801(21)_FF.5

Figure F.5 - The SET_SUBBAND_INFO procedure
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b
—> 1(S(ay)x,
X, V.
—y ((S(a,),
gain -
gamS(ab)
— RECUR_INFO "S(ap)
k
> 00
xp I—
—b k
; EEEEEEEE———
wp
T.801(21)_FF.6

Figure F.6 — Parameters for the RECUR_INFO procedure

RECUR_INFO

J=Ja,) -1

b'=S(a,) A =S(ay)
l Yes
Set th'x, thly, n,,
xpb’, ypb' per Table F.2 v
l O(k) = b’
HA)x, t{A)y,, gain,, n, O(), k
gain,, = gam2"" =RECUR_INFO(!, tb'x, b'y, l
gain, ny, k,
| b’ ypb) k=k+1
J=i-1 N |
180124 EE7

Figure F.7 — The RECUR_INFO procedure
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Table F.2 — Quantities for sub-band info calculation

F.2.4

Threp arrays are used for specifying the decomposition structure for eachdile-component. Each array is composed of
bit vilues that are signalled in DFS and ADS markers (see clauses A:3:3 and A.3.4). The first array, dg(i), i = 0,

1,is

deteffmine the maximum number of sub-levels, 6(lev), in eachrdecomposition level. Usage for this procedure is shoy

Figu

component, the length lg is set to zero.

The
not g

The
of ed

(see
array
depi
Tabl
Isre
allov
deco
deco|

HorOrient(ay) VerOrient(ay) th'X; tb'y; Ny xpb’ ypb’
L L [x:/2] [yi/2] n+1 Xp/2 yp/2
H L [x;/2] [v:/2] n+1 Xp/2 yp/2
L H [x;/2] [v:/2] n+1 xp/2 yp/2
H H [x;/2] [vi/2] n+1 xp/2 yp/2
L X [x;/2] Vi n+1/2 xp/2 yp
H X [x;/2] Vi n+1/2 Xp/2 yp
X L X; [v:/2] n+1/2 Xp ypi2
X H X; [v:/2] n+1/2 Xp yp/2

N,
ﬂ» INIT 6 L»
SEEEN

T.801(21)_FF.8

Figure F.8 — Parameters for the INIT_6 procedtre

Updates to decomposition structure

defined by the DOads and 10ads ADS marker segment (see clause A.3.4) and is used by the INIT_6 procedu

re F.8 and the procedure itself is defined in Figure F.9. If the ADS marker segment is not defined for the curren

alues of dg(i) used to set all 6(lev) in this procedure should be non-zero and thus equal to 1, 2 or 3. Remaining |
pt before encountering the end of dg(i) are sét.to the last dg(i) entry.

econd array, dr(i), i=0, ..., Ig-1, is défined by Ddfs and Idfs DFS marker segments and specifies the dimensior
ch resolution level. The third array, ds(i), i =0, ..., Is—1, is defined by the DSads and 1Sads ADS marker seg
clause A.3.4) and specifies the-sub-level decomposition structure within each decomposition level. Both of
s are used along with other inputs by the INIT_S_R and LEV_S routines. The 1/O structure for these procedurg
ted in Figures F.10 and-k.12 and the corresponding algorithmic structures are defined in Figures F.11 and
bs F.3 and F.4. As withtlgif the DFS or ADS marker segments are not defined for the current tile-component,
pectively is set to Zero. When either Ig or Ig equal zero, the INIT_S R routine will modify the respective arra
full sub-level.depths with joint horizontal and vertical decomposition splits for all sub-bands in the wa

two-
> lo—
re to
vn in
tile-

pvels

ality
ment
hese
S are
.13,
Ir or
s to
velet

mposition. Thedfirst purpose of these procedures is to determine the LUT S(ap) which defines how a sub-ba

sub-lpands from'sub-band a,. The length LUT J(ab) is also defined by these routines to be the number of sub- bands hich

j-th

zeros are mdexed in ds(l) or the sub level depth of sub- band ab equals the maximum, 9(Iev) allowed for its level. Finally,

then

60

otation agq, ) is used to denote the set {ag,(q,),---» (ab)}'
](ab)-l
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Y

iYes

No

eia.\'f = dﬁ('l)
B(lev) = dy(i)

}

lev=lev + 1
i=i+1

Mo DONE
Yes
O(lev) =0,
lev=lev + 1
g T.801(21)_FF.9

Figure F.9 — Procedure for setting maximum.aumber of sub-levels, 6(lev)

INIT S R

50

RO

T.801(21)_FF.10

Figure F.10 — Parameters for the INIT_S_R procedure
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INIT S R

lev=1
R(0)=0LL DONE
S(ay ) =0LL

Hag,) =1 No
i,=0

=0

> lev>N,
No
ilaszR =1
i.’a.vf&' = IS ERROR
ecm = 0
q ([') - A4
S(@ger 1)s Aoy 1)) dipais™ LEV_S(R(lev — 1), R(),
I dR( )s iRv 1R7
X dy( )i I,
[_- — 0 et.‘m" e(lev)’ Iev)

A 4

:

No
N,
If= Zzz(u(h—l N, R(lev) = S, (aR[.’m‘ 1))
=1
dfin=1,i"=0, ..., I,—1 l
| - lev=1lev+ 1
Is = Tigus ip = lgr
‘ |
T.801(21)_FF.11
Figure F.11 — Upper level procedure for defining S(a,) and R(lev)
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b
—>
R()
di() SO ,
iR
——>
I, SO,
_40 ) pvs
l' .
s g )
I S
—
e{m > iS >
0
max I
lev
T.801(21)_FF.12
Figure F.12 — Parameters for the LEV_S procedure
ERROR Sta,) =5 DONE
{ Hay) =l
A
Set.S(a,) and l
J(a,) per
Tablj F.4 J=day—1
e(‘nl = emt + 1
ip=ipt1
Set S(a,) and
J(a,) per
Table F.3
e('ﬂl = 9('[1[ + 1
=i+ 1 S(asl,(ab)), J(asj(ab)), ip, I LEV_S(S{.(a,,).
RO, dy0), ig, Iy,
\ A0 is B
emu\" [(:‘V)
le
v
S(a,)=b
. - j=i-1
> Sa,)=1 DONE
ig=ig+1
l T.801(21)_FF.13

Figure F.13 — Procedure for defining S(ap)
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The final purpose of the INIT_S R and LEV_S procedures is to define the R(lev) LUT for each decomposition level. This
LUT specifies the LL, LX, or XL sub-band orientation which results from the first sub-level of wavelet processing for a
decomposition level. The corresponding sub-band is taken as the resolution at decomposition level lev. That is, resolution
N_-lev is given by ag(iev).

Table F.3 - S(ap) and J(ap) as a function of dg(i)

ds(is) S(ap) = Set of indices for decomposed sub-bands from ay, J(ap) = Length of set S(ay,)
1 {b:LL, b:HL, b:LH, b:HH} 4
P {0 X HXY 2
B {b:XL, b:XH} 2
Table F.4 — S(ap) and J(ap) as a function of dg(i)
drl(ir) S(ay) = Set of indices for decomposed sub-bands from ay, J(ap) = Length of set S(ay,)
i {levLL, levHL, levLH, levHH} 4
p {levLX, levHX} 2
B {levXL, levXH} 2

NOTE — The INIT_S_R routine uses ds(i) and dr(i) array elements in order to define S©),"J(), and R() for all decomposition Igvels.

Figufe F.14 illustrates a sample wavelet decomposition. In this decomposition, NP =3, dg() = 31, lg = 2, dr() =123, I = 3,
ds() F 320300203, and Is = 9. Table F.5 shows the various characteristies for this decomposition, including the R()
notafion for each level, indicating that sub-band ag, | represents resolution'3 (the original image), and that resolutigns 2,
1 angl 0 are represented by sub-bands ajy |, ay x and asy,_ respectively. As in Rec. ITU-T T.800 | ISO/IEC 15444-1,

precincts are specified with respect to these resolutions.

F.3

Inverse discrete wavelet transformation for general decompositions

The Jnverse transformation process is much like that-described in Clause F.3 of Rec. ITU-T T.800 | ISO/IEC 15444-1.
The |only modifications necessary to provide arhitrary decomposition functionality are to the IDWT, 2D_SR] and
2D_INTERLEAVE procedures defined in that Ahnex.

aN ApLxxe
Ayxy AL Hx
P I—
Ay IHL:LLX:XH
AL A XL
A LXK A HHXHLX A1 HHXHHX

T.801(21)_FF.14
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Figure F.14 — Sample wavelet decomposition with labelled sub-bands
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Table F.5 — Characteristics for sample wavelet decomposition in Figure F.14

Final HorOrient(a,) | PrimeOrient
lev o(lev) S() Sub-bands / (ap) R(lev)
(ap) VerOrient(ay)
0 NA NA agLL L/L LL OLL
S(agr ) = {1LL, 1HL, 1LH, 1HH}
S(ag ) ={1LL}
S(ajpyr) = {IHL:LX, 1HL:HX}
Sla A N T VA4 | LN EEAVAAA N
\MIHLLAXT | iR A A LT L LR S A LI |
S(@1HL:Lx:xL) = {IHLILX:XL} ALHLLXXL XIL HL
S(a1HL:Lx:xH) = {IHL:ILX:XH} A1HLLX:XH X/H HL
S(agHL:Hx) = {IHL:HX} A1HL:HX H/X HE
1 3 S(ag ) = {1LH:XL, 1LH:XH} 1L
S(a1LH:xu) = {1LH:XL} a1 H:XL X/L LH
S(agLh:xn) = {1LH:XH} 1L H:xH XIH LH
S(aiyn) = {1HH:XL, 1HH:XH}
S(agnr:xy) = {IHH:XL} AgHH:XL XL HH
S(@hn:xn) = {IHH:XH:LX, 1HH:XH:HX}
S(@HH:xH:Lx) = {IHH:XH:LX} AL HH:XH:LX L/X HH
S(@@lHH:XH:HX) = {IHH:XH:HX} A HHXH-HX H/X HH
S(alLL) = {ZLX, 2HX}
2 1 S(a2|_x) ={2LX} 2L X
S(aZHx) = {ZHX} AoHx H/X HX
S(aZLx) = {3XL, 3XH}
3 1 S(ag)(L) ={3XL} asxL X/L XL 3KL
S(a3XH) = {SXH} aszxH X/H XH
F.3.1 Modified IDWT procedure
The |DWT procedure is almost the same as-that'in Rec. ITU-T T.800 | ISO/IEC 15444-1. Differences deal with chgnges
in the call to the modification of the 2D_SR'pfocedure (MOD_2D_SR) as well as the extra callsto INIT_6and INIT S R.
Nevgrtheless, the modified usage is depicted in Figure F.15 and the actual procedure is shown in Figure F.16. Sub-kands
stored in the codestream are provided'to MOD_2D SR in the same order as provided by the order LUT O() defingd in
clauge F.2.4.
alz(u! v)l
N,
—>
i) ;
; MOD IDwWT | &Y,
0 » -
dy()
s
—5
T.801(21)_FF.15

Figure F.15 — Parameters for the MOD_IDWT procedure
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MOD_IDWT

0() = INIT_O(N,, d,(). 1,

:

F.3.2

S0, RO =INIT_S_R(N,, d(), I, 00))

DONE

B (X, p) = ag (x, )

lev=N,
> lev=10 Yes
lNo
pen 1) = MOD*ZD*SR(GS("R(Fevf ])), tR(lev — 1)x s 1R (lev — 1)x,

tR(lev — 1)y,, tR(lev — 1)y,)

!

lev=lev—1

Figure/#.16 — The MOD_IDWT procedure

Modified 2D_SR procedure

T.801(21)_FF.16

Majgr changes are required for,2D_SR from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is comgosed
of ogerations which combirg-2-0r 4 sub-bands into a resulting sub-band. This procedure shall also handle such procepsing
throyghout all sub-levelsinside a decomposition level. To accommodate such processing, a recursive structure is usgd for
this procedure. The parameters necessary for this procedure are shown in Figure F.17 and the new procedure itsplf is
diagfammed in FigureF.18.

ag'( ap )

Uy, UV, V)

MOD 2D SR

a4y
—

T.801(21) FF.1A7

66

Figure F.17 — Parameters for the MOD_2D_SR procedure
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MOD_2D_SR A
a,=MOD_2D_INTERLEAVE(ag,,, 4y 1y, Vo, V1)
JtJa) -1 i
l HorOrient(ag,, ) = X Yes
e
g
No
Jjz0

iNo

b'= Sj(ay)

a, = HOR_SR(a,, u,, u,\W V)

No

A

a'y=MOD_2D_SR(ag,). th"x,,
1h"x,, th" yy, 1by,)

F.3.3
Sign
proc
show
inter
thxq,

Slay) = b

A

J

VerOrient;a.%,( ap) =X

a, = VER_SR(a,, u,, u,, v, v,)

J=i-1

as(a )

Uy, UV, Vy

Modified 2D_INTERLEAVE procedure

ficant changes are alse_necessary for the 2D_INTERLEAVE procedure. These changes are due to both sub-level
pssing and disjoint horizontal/vertical sub-band splits. This procedure is shown in both Figures F.19 and F.20. As
n in the latter of¢these two figures, this routine now decides which of three lower level procedures shall be usgd to
eave wavelet samples. The values of ug, Uy, Vg and vy in each of these three lower level procedures are those of[tbxg,

tbyg and tbyg¥as redefined in clause F.2.4, where ay, is the sub-band to be interleaved and eventually reconstrudted.

le

<

DONE

Figure F.18 — The MOD_2D_SR procedure

MOD 2D INTERLEAVE

ay
—

T.801(21)_HF.18

Figure F.19 — Parameters for the MOD_2D_INTERLEAVE procedure
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MOD 2D INTERLEAVE

VcrOricnt(aSj( ap)) =X

Yes
AND
HorOrient(ag,, ) # X v
i
a,=2D_HV_INTERLEAVE(ay,,) . 1y, 1y, vy ;)
No
DONE
HorOrient(a%,(”b)) =X Yes
vj i
No a,=2D_V_INTERLEAVE(ag,,) . 1y 1), vy, 1)
a,=2D_H_INTERLEAVE(ag,, ), #, u, v, V) DONE
DONE

T.801(21)_FF.20
Figure £.20 — The MOD_2D_INTERLEAVE procedure

F.3.3.1 The 2D_HV_INTERLEAVE procedure

The [2D_HV_INTERLEAYE -procedure is similar to the 2D_INTERLEAVE procedure from Rec. ITU-T T.$00 |
ISONEC 15444-1. Usagefor this procedure is shown in Figure F.21 and the actual procedure is shown in Figure F.22.

as(ah) u
b
Uy, Uy Vg V, 2D HV INTERLEAVE [——*
—_———>
T.801(21)_FF.21

Figure F.21 — Parameters for the 2D HV INTERLEAVE procedure
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2D HV INTERLEAVE

v o v
b'=Sy(ay) b'=5(a,)
u=uy2 u=luy2]
v=[vy2] v=[vy21
" i
a,(2u, 2v) = aylu, v) a,Qu+1,2v)=a,(u, v)
v v
u=u+1 ue—u+l
No No
Yes Yes
u=luy2] v=v+1 u=|uy2l v=v+1
7y 7'y
N Y
° v=[v/2] = No
I'Yes
]
IH 4 HH v
b'=Sy(a,) b'=Sy(a)
u=uy2] u=luy2]
v =Lvy2] v=_Lvy2]
c3 v
ay(2u, 2y +1) = a,(u, v) a,Qu+1,2v+ 1)=a,(u, v)
v v
u=u-+1l u=u+tl
No u>lu,/21 No u>lu/2]
Yes Yes
A y
u=uy21 v=v+1 u=|uy2] v=v+1
y
Yo Yo
No Av,m es No es
T.801(21)_FF.22
Figure F.22 — The 2D_HV_INTERLEAVE procedure
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aS(ab) p
b
Ug UV V), 2D _H_INTERLEAVE —
T.801(21)_FF.23

Figure F.23 — Parameters for the 2D_H_INTERLEAVE procedure

F.3.3.2 The 2D_H_INTERLEAVE procedure

The 2D_H_INTERLEAVE procedure defined in Figures F.23 and F.24 is used to accommodate disjoint processing along
just the horizontal direction. As such, this procedure requires roughly half the 2D_HV_INTERLEAVE procedure logic

to inferteave samplesimjusttheforizomtat directior:

2D H INTERLEAVE

|
X v HX ¥
b'=Sy(a;) b= S (d))
U= |—u"/2—\ u= LuU/ZJ
V=1, v Fv,
) v
a,(2u, v) = ay(u, v) a,(2u+ 1,v)=ay(u,v)
v v
u=u+1 u=u-+1
No No
Yes Yes
u=uy2] v=v+]1 u=luy2] v=v+1
No Yes Yes
V2V, e —»( DONE

T.801(21)_Ff.24

Figure F.24 — The 2D_H_INTERLEAVE procedure

F.3.3.3 /,The2D_V_INTERLEAVE procedure

The pracedure for interleaving samples due to disjoint wavelet processing in just the vertical direction is quite likg
for the procedure defined above in clause F.3.3.2. The procedure for this case is depicted in Figures F.25 and F.26.

that
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CIS( ap )

Uy Uy Vy V)

ay

2D_V_INTERLEAVE —

T.801(21)_FF.25

Figure F.25 — Parameters for the 2D_V_INTERLEAVE procedure

2D V INT

ERLEAVE

XL v XH L.
b'=Sy(ay) b'=S5(a,)
u= ”() u= Il('
y=lvy2] v=Lvy2]
>' =V
ay(u, 2v) = ay(u, v) ay(u, 2v + 1) =) v)
v v
u=u-+1 u=u+1
No No
Yes Yes
v=v+1 u=u, v=v+1
/\ [
No Yes Y.
No s DONE

v=>v/2]

T.801(21)_FF.26

F.4

Simi

F.4.1

Figure'F.26 — The 2D_V_INTERLEAVE procedure

Forward discrete wavelet transformation for general decompositions (informative)

Jar to the inverse transformation process, forward wavelet transformation requires changes to only the FD
2D_$D, and 2D_DEINTERLEAVE Rec. ITU-T T.800 | ISO/IEC 15444-1 procedures.

WT,

Modified FDWT procedure
Like|the MOD" IDWT procedure, the FDWT remains much like that in Rec. ITU-T T.800 | ISO/IEC 15444-1) The
pararlneters for this procedure are shown in Figure F.27 and the structure of the procedure is shown in Figure F.28.
Iix, y)
NL
—>
) ,
;| Mop FpwT |-9BY)
[{] N
dy()
[S
—P
T.801(21)_FF.27
Figure F.27 — Parameters for the MOD_FDWT procedure
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MOD_FDWT

() = INIT_O(NL, dy(), 1)

}

SO, RO = INIT_S_R(N, d), 15, 60)

I

lev=1
agy = I(xy)

S ap e 1)) =MOD_2D_SD(az., 1
tR(lev —1)x,, tR{lev— 1)x,
tR(lev — 1)y, @R(lev — 1)y,)

!

lev <tev+ 1

T.801(21)_FF.28

Figure-F.28 — The MOD_FDWT procedure

F.4.2 Modified 2D_SD procedure

Majgr changes are required fern2D_SD from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is comgosed
of operations which split onesub-band into 2 or 4 resulting sub-bands. This procedure shall also handle such procepsing
throgyghout all sub-levelsinside a decomposition level. To accommodate such processing, a recursive structure is usgd for
this procedure. The parameters necessary for this procedure are shown in Figure F.29 and the new procedure itsplf is

diagfammed in FigureF.30.

ap
g AS(ay)
Uy, U,V V) MOD_2D_SD —
&L
T.801(21) FF.29

Figure F.29 — Parameters for the MOD_2D_SD procedure
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MOD 2D SD

J=Jay) -1

VerOrient(asj(ah)) =X Yes

vj

No

r

a,=VER_SD(a,, u, u, v, v,) b'=5/ay)

Yes
No
=MOD _2D_8D(ay,
th' xy, th' x,
a,=HOR_SD(ay, uy, uy, v, V) | th' ye, th' v,)
*‘
P
J=i-1

= MOD 2D DEINTERLEAVE(ay, tg, 1, vy, v,)

I T.801(21)|FF.30

Figure F.30 — The MOD_2D_SD procedure

F.4.3 Modified 2D_DEINTERDREAVE procedure

Signjficant changes were also_necessary for the 2D_DEINTERLEAVE procedure. These changes are due to [both
sub-level processing and disjoint horizontal/vertical sub-band splits. This procedure is shown in both Figures|F.31
and IF.32. As shown in thefatter of these two figures, this routine now decides which of three lower level procedures(shall
be uged to deinterleave wavelet samples. As with the MOD_2D_INTERLEAVE procedure, the values of ug, uy, vy and
vy inj each of these‘three lower level procedures are those of tbxg, thxy, thyg and thy; as defined in clause F.2.4 fdr the
sub-ipand ay, which is being decomposed/deinterleaved.

a,
———> as(ay)
Uy, U,V V, MOD 2D DEINTERLEAVE

>

T.801(21)_FF.31

Figure F.31 — Parameters for the MOD_2D_DEINTERLEAVE procedure
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MOD_2D DEINTERLEAVE

,

VcrOricnt(aS}.(ab)) #zX

Yes
AND
HorOrient(ag,,,)# X
v
As(ay) = 2D_HV_DEINTERLEAVE(a,, u,, u,, v, v,)
No
DONE
HorOrient(ag,(,,)) = X Yes
v !
No dg(a,) = 2D_V_DEINTERLEAVE(a), uy, 1y, v, v))
Asiay) = 2D_H_DEINTERLEAVE(a,, u, u,, vy, v;) DONE
DONE
T.801(21)_FF.32
Figure F.32 - The MOD_2D_DEINTERLEAVE procedure
F.4.3.1 The 2D_HV_DEINTERLEAVE procedure
The PD_HV_DEINTERLEAYVE procedure is similar to the 2D_DEINTERLEAVE procedure from Rec. ITU-T T.B0O |
ISONEC 15444-1. Usage-for this procedure is shown in Figure F.33 and the actual procedure is shown in Figure F.34.
ap
— aS(ap)
Up UV V) 2D HV _DEINTERLEAVE [—*
—r rr 1l
T.801(21)_FF.33
Figure F.33 — Parameters for the 2D HV DEINTERLEAVE procedure
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2D HV DEINTERLEAVE

|
v HL v
b'=Sy(ay,) b'=5(ay)
u=luy2] u=luy2]
v=[vy2] v=lvy/2]
=f >f
ay(u, v) = a,(2u, 2v) ay(u, v)=a,2u+ 1, 2v)
v v
u=u+1 u=u-+1
No No
Yes Yes
u=luy2] v=v+1 u=luy2] v=v+1
7'y X
N Y
° v=[v/2] = No
IYes
]
H A HH +
b'=5Sy(a,) b= Sy(a,)
u=uy2] u=luy2]
v =Lvy2] v=_Lvy2]
¥ ¥
ay(u, v=aj(2u, 2v + 1) a(u, v)=a,(2u+1,2v+1)
v v
u=u+1 ue—utl
No u>lu,/21 @
Yes Yes
A Y
u=uy21 v=v+1 u=|uy2] v=v+1
y
Y Y
No Av,m es No es
T.801(21)_FF.34
Figure F.34 — The 2D_HV_DEINTERLEAVE procedure
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aj

Uy Uy Vy V)

2D_H_DEINTERLEAVE

aS(ay)

T.801(21)_FF.35

Figure F.35 — Parameters for the 2D_H_DEINTERLEAVE procedure

F.4.3.2 The2D_H_DEINTERLEAVE procedure

The 2D_H_DEINTERLEAVE procedure is used to accommodate disjoint processing along just the horizontal direction.

As such, this procedure requires roughly half th

of th i

e logic in the 2D_HV_DEINTERLEAVE procedure above. The diagram

~36.
2D H DEINTERLEAVE
I
| |
X v HX ¥
b'=Sy(a;) b= S (d))
U= |—u"/2—\ u= LuU/ZJ
V= VFV,
) v
ay(u, vy =a,(2u, v) ay(u,v)=a,2u+1,v)
v v
u=u+1 u=u-+1
No No
Yes Yes
u=uy2] v=v+1 u=luy2] v=v+1
No Yes Yes
V2V, e —»( DONE
T.801(21)_FF.36

Figure F.36 — The 2D_H_DEINTERLEAVE procedure

F.4.3.3 ,The2D_V_DEINTERLEAVE procedure

The pracedure for deinterleaving samples due to disjoint wavelet processing in just the vertical direction is quite lik¢ that

for the procedure defined in clause F.4.3.2. The procedure for this case is depicted in Figures F.37 and F.38.

ap

— >
Uy, UV, V)

2D _V_DEINTERLEAVE

AS(ay)

T.801(21)_FF.37

Figure F.37 — Parameters for the 2D_V_DEINTERLEAVE procedure
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2D V_DEINTERLEAVE

| I
v XH v
b'=Sy(ay) b'=5(a,)
U=, U=1,
v=[vy2] v=v,/2]
) v
ayu, v) = ay(u, 2v) ay(u, v) = ay(u, 2v+ 1)
v v
u=u+1 u=u+1
No No
Yes Yes
U=u, v=v+1 u=u, v=v+1
N Yes Yo
2 vl No S AN DON]D
T.801(21)_FF.38
Figure F.38 — The 2D~V_DEINTERLEAVE procedure
Rec. ITU-T T.801 (V3) (08/2023) 77

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

Annex G

Whole-sample symmetric transformation of images, extensions

(This annex forms an integral part of this Recommendation | International Standard.)

This Recommendation | International Standard uses a transformation of tile components.

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate.

This| annex specifies two extensions of the one-dimensional sub-band reconstruction procedure 1D SR (seg)|Rec.
ITU4T T.800 | ISO/IEC 15444-1): the 1D_SR_WS procedure and the 1D_SD_WS procedure for whole-samplesymnjetric
(WS) wavelet transformations.

G.1 Wavelet transformation parameters, definitions and normalizations

Tablp G.1 lists the parameters used in the wavelet transformations that are signalled in the codestream. Signalling for
thesq parameters is defined in the ATK marker segment (see clause A.3.5).

Table G.1 — Parameters for wavelet transformations

Parpmeter tag Meaning Value(s)
Cogff_Typ Numerical type of lifting step coefficients 8-bit signed integer
16-bit signed integer
32-bit float
64-bit float
128-bit float
Filt] Cat Wavelet transformation category arbitrary (ARB)
whole-sample symmetric (WS)
WT| Typ Wavelet transformation type irreversible (IRR)
reversible (REV)
Mini Update characteristic of first recQnstruction lifting step even-subsequence update (0)
odd-subsequence update (1)
Nig Number of lifting steps 8-bit unsigned integer
€ Base-2 scaling exponentfor lifting step s 8-bit unsigned integer:
(reversible transformations only) defined for 0 <s<Nig
Bs Additive residugfor lifting step s Coeff_Typ:
(reversible transformations only) defined for 0 <s<Nig
K Scalingfactor Coeff_Typ
(irreersible transformations only)
L Number of lifting coefficients for lifting step s 8-bit unsigned integer:
defined for 0 <s < Nig
Olg k kth lifting coefficient for lifting step s Coeff_Typ:
defined for 0 <s<Ng
0<k< LS
G.2 Whote=samptesymmetric (WS wavetet trarsformations Tecornstroction

The procedures specified in this clause apply only in the case of ATK marker segments for which Filt_Cat = WS.
G.2.1  Normalization of WS wavelet transformations
This clause specifies conditions on parameters that a compliant codestream shall satisfy.

Define Ds to be the sum of the lifting coefficients oy for lifting step s, 0 < s < Ni s (normalized in the case of reversible
transforms):

Dy=2-Yrtag, if WT_Typ = IRR

Dy = =Yk tag, if WT_Typ =REV

28s
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ine parameters Bg recursively:

B =DsBs_1 +B;_,, fors=0toN;¢-1 (G-1)

with the initial conditions being: B_.; =1 and B_, = 1.

G.2

.1.1 Normalization of reversible wavelet transformation

For reversible wavelet transformations (WT_Typ=REV), the parameters B shall satisfy one of the following conditions:

G.2.

For
one

G.2

The
step!
sam

G.2

As i
and

BNLs—2 =1 if my;; =1 or

=1

B 1 =
N o1 Tt

.2 Normalization of irreversible wavelet transformation

lrreversible wavelet transformations (WT_Typ = IRR), the parameters By and the scaling parameter{K,.shall s
f the following conditions:

BNLs—Z =K if my,; =1, or
BNLS_1 =K if Minit = 0
.2 One-dimensional sub-band reconstruction procedure for WS wavelet transformations
4, which alternately modify odd-indexed samples with a weighted sum of even-indexed samples and even-ind
ples with a weighted sum of odd-indexed samples.

2.1 The 1D_SR_WS procedure

mustrated in Figure G.1, the 1D_SR_WS procedure takes as input-a one-dimensional array, Y, of interleaved low
ighpass coefficients, the index i of the first sample in arrayyY, the index i, of the sample following the last sal

inarfay Y. It produces as output an array, X, with the same indiges (ig, i7).

For

Y
—_——Pp
- 1D SR WS X,
(7 i) R
T.801(21)_FG.1

Figure G.1 =Parameters of the 1D_SR_WS procedures

dignals of length one (i.e. g =71 — 1), the 1D_SR_WS procedure sets the value of X(ip) to X(ig) = Y(ig) if igis an

integer, and to X(ig) = Y(ig)/2,if ig is an odd integer.

For

dignals of length greater than or equal to two (i.e., ig < iy — 1), as illustrated in Figure G.2, the 1D_SR_WS proc§

applies the 1D_FILEFR-"WS procedure to Y to produce the reconstructed signal, X.

ID SR_WS

tisfy

bne-dimensional sub-band reconstruction (1D_SR_WS) procedure is implemented as a sequence of primitive lifting

exed

pass
mple

even

dure

.

X=1D_FILTR_WS(Y, i, i,)

Done

T.801(21)_FG.2

Figure G.2-The 1D_SR_WS procedure
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NOTE — Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SR_WS procedure does not extend the signal prior to applying
the 1D_FILTR_WS procedure. Instead, a procedure equivalent to the extension procedure is included in the 1D_FILTR_WS
procedure.

G.2.2.2 The 1D_FILTR_WS procedures

Two versions of the reconstruction procedure (1D_FILTR_WS) are specified, depending on whether the transformation
is reversible or not (WT_Typ=REV or IRR). In the following two subclauses, the function PSEq(i) equals the function

PSEo (i, ig, i1) specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

G.2.2.2.1 The reversible one-dimensional reconstruction (1D_FILTR_WS) procedure

As siiown T Figure G.3, the Input parameters to procedure ID_FILTR_WSare V, 1o, I1, NLs, and ok, Ps, €s, Ls 107 § = 0,
1,2,]..,Ns—1andk=0,1,2, ..., Lg— 1.

Vg by, Nig
o B el ID_FILTR WS -,
T801(21)_FG.3

Figure G.3 — Parameters of the 1D_FILTR_WS procedure

The ID_FILTR_WS procedure starts with the following N g lifting steps, where;thevariable s decreases from N g+ 1 to
zerof(fors=N;s—1,Ns—-2,..., 1, 0):

(510 as e (V(PSEg (2n+ms—(2k+ D4V (PSEg (2n+mg+(2k+1))) )} +Bs

28s

Vi2n+mg) =V(2n+my) —

(G-2)

whete my, . | = My and my = 1 —myg,, indicates whether the sth lifting step updates even-indexed coeffidients
(ms F 0) or odd-indexed coefficients (mg = 1), where Lg is thexqumber of lifting coefficients for lifting step s, and where
the rainge of n is defined by ig < 2n + mg < iy.

The yalues of V(K) such that iy < k < i; form the outputW(k) of the 1D_FILTR procedure:
W (k) =V (k) (G-3)
G.2.2.2.2 Theirreversible one-dimensignal reconstruction (1D_FILTR_WS) procedure

As shown in Figure G.4, the input parameters to procedure 1D_FILTR_WS are V, ig, i1, K, Nis, and o, Ls for s =0, 1,
2,..,Nis—1andk=0,1,2,..,Lg31

Wiy i K, N
VAL N
0oL, ID_FILTR_WS /AN
T801(21)_FG.4

Figure G.4 — Parameters of the 1D_FILTR_WS procedure

The LD_FILTR WS procedure starts with two scaling steps:
V(2n) = K - V(2n)foriy < 2n < i; (G-4)
andV(2n+ 1) = (1/K) - V(2n + Dfori, < 2n+1 < i; (G-5)

The 1D_FILTR_WS procedure then performs the following N s lifting steps (fors =N g—1, Ns—2, ..., 1, 0):

V(2n +my) = V(2n +m,) — (z,ﬁ;‘ol o - (V (PSEO(Zn +m — (2k + 1))) +V (PSEO(Zn +mg + 2k + 1)))))
(G-6)

where my, . =my;, and mg =1 —m,,, indicates whether the st lifting step updates even-indexed coefficients
(mg = 0) or odd-indexed coefficients (mg = 1), where L; is the number of lifting coefficients for lifting step s, and where
the range of n is defined by ig < 2n + mg < iy.
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The values of V(K) such that iy < k < i; form the output W(k) of the 1D_FILTR_WS procedure:
W (k) = v(k) (G-7)

G.3 Whole-sample symmetric (WS) wavelet transformation decomposition (informative)

The one-dimensional sub-band decomposition procedure 1D_SD_WS is implemented as a sequence of primitive lifting
steps, which alternately modify odd-indexed samples with a weighted sum of even-indexed samples and even-indexed
samples with a weighted sum of odd-indexed samples.

G.3.1 The 1D _SD_WS procedure (informative)

As illustrated in Figure G.5, the 1D_SD_WS procedure takes as input a one-dimensional array, X, the index ig ofthq first
sample in array X, and the index i, of the sample following the last sample in array X. They produce as output an grray,
Y, of{interleaved lowpass and highpass coefficients, with the same indices (ig, i7).

X
R e
- ID SD WS Y,
(i 1) ol
T801(21)_FG.5

Figure G.5 — Parameters of the 1D_SD_WS procedute

For dignals of length one (i.e., ig = i1 — 1), the 1D_SD_WS procedure sets the’valte of Y(ig) to Y(ig) = X(ip) if ig is anjeven
integer, and to Y(ig) = 2X(ig) if ig is an odd integer.

For gignals of length greater than or equal to two (i.e., ig < i1 — 1), as illustrated in Figure G.6, the 1D_SD_WS procgdure
applies the 1D_FILTD_WS procedure to X to produce the decomposed signal, Y.

IDZSD WS

Y=1D FILTR WS(X, i, i)

T.801(21)_FG.6

Figure G.6 — The 1D_SD_WS procedure

NOTE £ Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SD_WS procedure does not extend the signal prior to apglying
F ID.FILTD_WS procedure. Instead, a procedure equivalent to the extension procedure is included in the 1D_FILTO WS
ocedure.

P=3

p

G.3.2 ThelD_FILTD_WS one-dimensional decomposition procedure (informative)

Two versions of the decomposition procedures are specified, depending on whether the transformation is reversible or
not (WT_Typ = REV or IRR). In the following two subclauses, the function PSEq(i) equals the function PSEq(i, ig, i1)
specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

G.3.2.1 The 1D_FILTD_WS reversible one-dimensional decomposition procedure (informative)

As shown in Figure G.7, the input parameters to the reversible version of procedure 1D_FILTD_WS are V, ig, i1, Nis,
and og , Bs, &, Lsforfors=0,1,2,...,N;s—1andk=0,1,2, .., Ls— 1.
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Vi iy Ny
o By €L, 1D _FILTD WS AN
T.801(21)_FG.7

Figure G.7 — Parameters of the 1D_FILTD_WS procedure

The reversible 1D_FILTD_WS procedure consists in the following Ny g lifting steps (fors=0, 1, 2, ..., N_s — 1, starting

with

whete my, . . = My, and my = 1 —mg_,; indicates whether the sth lifting step updates even-indexed. Coeffig
0) or odd-indexed coefficients (mg = 1), where Ls is the number of lifting coefficients for lifting'step s, and W
the range of n is defined by ig < 2n + mg < iy.

(ms 3

s=0):

Vi2n+mg) =V(2n+my) + (e

iy as k- (V(PSEg(2n+ms—(2k+1)))+V (PSEg (2n+mg+(2k+ 1)))))+ﬁ5j

2&s

(e

ients
here

The palues W(k) = V(k) form the output W(k) of the 1D_FILTD_WS procedure. The output.values are the values ih the
range ip <k <iq.
G.3.2.2 The irreversible one-dimensional decomposition procedure (1D_FILTD_WS) (informative)
As spown in Figure G.8, the input parameters to the irreversible version of procedure 1D_FILTD_WS are V, ig, 11, K,
Nis,fand og, Ls for fors =0,1,2,...,Nis—1andk=0,1,2, ..., Ls—1.
Vi i, K, Njg
w
L 1D_FILTD, WS —
T.801(21)_FG.8
Figure G.8 — Parameters of.the 1D_FILTD_WS procedure
The LD_FILTD_WS procedure performs the fallowing N g lifting steps (fors=0, 1, ..., N s — 1, starting with s = ():
V(2 +mg) = V(2n +myg) + (X5, a e (V(PSEg(2n + mg — (2k + 1)) + V(PSEo(2n + mg + (2k + 1))))
(G-9)

whete my, . . = mgy;, and mg =\1>-m,_, indicates whether the st lifting step updates even-indexed coeffig
(ms F 0) or odd-indexed coefficients (ms = 1), where Lg is the number of lifting coefficients for lifting step s, and
the range of n is defined by ig<'2n + mg < iy.

The

The
rang

G.4

LD_FILTD_WS procedure ends with two scaling steps:
V(2n) = (1/K) - V(2n)foriy, < 2n < i; (d
andV(2n+1) =K -V(2n+ Dforig <2n+1<1i; (d

values\Wi(k) = V(k) form the output W(k) of the 1D_FILTD_WS procedure. The output values are the values i

ients
here

5-10)
b-11)
h the

P i<k <iy.

Examples of WS wavelet transformations (informative)

Examples of wavelet transformations are specified in terms of their signalled values, as listed in Table G.1. Parameters
that occur in sequences (e.g., Ls, =0, ..., N_ s — 1) are enumerated in order of increasing index.

Both examples are mathematically equivalent to transformations already defined in Rec. ITU-T T.800 | ISO/IEC 15444-1
and are provided solely for didactic purposes.

G.41  Reversible WS wavelet transformations (WT_Typ = REV) (informative)

Typi

82

cal values for the B parameter are 2851,
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The transformation specified by the parameter values found in Table G.2 is mathematically equivalent to the default
reversible transformation specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

Table G.2 — Parameters of the 5-3 reversible wavelet transformation

Parameter Value(s)
Minit 0
N ¢ 2
Ls 1,1
Olg k 0,0 = -1
OL:|_Y 0= 1
€ 1,2
Bs 1,2

The ffirst decomposition step (s = 0) is specified with negative lifting coefficients and an.additive residue of 1.|This
apparent difference with the Rec. ITU-T T.800 | ISO/IEC 15444-1 definition is necessitated by the fact that decompogition
updates are systematically added to the input vector by the procedures of this_annex whereas the first reversible
decomposition lifting step in the definition of Rec. ITU-T T.800 | ISO/IEC 15444}, ¢lause F.4.8.1, subtracts its update.
The gorresponding reconstruction lifting steps also differ in the sign of their updates. The transformation specified by the
above parameter values is, however, mathematically equivalent to the Rec. ITU-T T.800 | ISO/IEC 15444-1 definitipn of

the reversible 5-3 wavelet transformation.

G.4.1.2 Reversible 13-7 wavelet transformation (informative)

Table G.3 shows the parameters of the 13-7 reversible wavelet transformation.

Table G.3 — Parameters of the 13-7 reversible wavelet transformation

Parameter Value(s)
Minit 0
Nis 2
It 2,2
Ol K ap k=-91
o1 k=5-1
& 4,4
Bs 8,8

G.4.2  Irreversible WS wavelet transformations (WT_Typ = IRR) (informative)

G.4.2.1 Irreversible 5-3 wavelet transformation (informative)

17

Tablg G.4'shows the parameters for the irreversible version of the Rec. ITU-T T.800 | ISO/IEC 15444-1 reversiblg 5-3

wavelettransformation cpnmfmrl mnclause GA411:

© ISO/IEC 2023 - All rights reserved
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Table G.4 — Parameters of the 5-3 irreversible wavelet transformation

Parameter Value(s)
Minit 0
Ls 1,1
1
Os k —__
Qo0 2
1
“1,0 4
K 1

G.4.2.2 Irreversible 7-5 wavelet transformation (informative)

Table G.5 gives the parameters of the 7-5 irreversible wavelet transformation.

Table G.5 — Parameters of the irreversible 7-5 wavelet transformation

Parameter

Value(s)
Minit 0
Ls 1,1,1
2
o
sk Ao = 75
175
10 = " 306
609
%20 = 7500
K 16
100

G.4.2.3 Irreversible 9-7 wavelet transformation (informative)

This

I1ISO

is the default irreversible wavelet transformation specified in Rec. ITU-T T.800 | ISO/IEC 15444-1
trangformation specified by the following parameter values is mathematically equivalent to the Rec. ITU-T T.

EC 15444-1 transformation. ExXact expressions for the values given by decimal approximations in Table G.6 ¢
founf in Annex F of Rec. ITY-T-T.800 | ISO/IEC 15444-1.

Table G.6 — Parameters of the irreversible 9-7 wavelet transformation

the
B0O |
hn be

Parameter Value(s)
Minit 0
Nis 4
l < 1’ 11 1_ 1
Ol k 0, o = —1.586 134 342 059 924
aq, o =-0.052 980 118 572 961
ay o =0.882 911 075 530 934
a3, o = 0.443 506 852 043 971
K 1.230 174 104 914 001
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Annex H

Transformation of images using arbitrary wavelet transformations

(This annex forms an integral part of this Recommendation | International Standard.)

This Recommendation | International Standard defines a transformation of tile components. In this annex and all of its
subclauses, the flow charts and tables are normative only in the sense that they are defining an output that alternative

imp

lementations shall duplicate.

This|annex specifies an extension of the one-dimensional sub-band reconstruction procedure 1D_SR specifiedin
ITU{T T.800 | ISO/IEC 15444-1. The internal structure of this extension differs from the internal structure of procq
1D_$R in Rec. ITU-T T.800 | ISO/IEC 15444-1 because of the greater generality of this annex. The procedure i

anne

an update operation. A scaling operation is performed in the case of irreversible wavelet transformations. Synt
specified whereby an implementation may use wavelet transformations signalled in the codestream.by-the encoder.

H.1 Wavelet transformation parameters and normalizations

Tab

Ig G.1 lists filter parameters for wavelet transformations that are signalled in the ¢edéestream. Signalling for

parameters is included in the ATK marker segment (see clause A.3.5). Table H.1 lists.additional parameters contain
the ATK marker segment that are used exclusively in this annex.

Table H.1 — Additional parameters for arbitrary wavelet transformations

Rec.
dure
this

K, 1D_SR_ARB, is specified as a sequence of lifting steps, each of which involves a signal extensian operation and

BX IS

hese
ed in

Harameter tag Meaning Value(s)
Extén Boundary extension method used in lifting steps constant (CDN)
whole-sample symmetric (WS)
off Offset for lifting step s 8-bit signed integer:
defined for 0 <s < Nig
H.1.1  Normalization of ARB wavelet transformations
The procedures specified in this clause apply only in the case of ATK marker segment for which Filt_Cat = ARB| The
parameter Dg defined in clause G.2.1 represents the sum of the lifting coefficients for step s, 0 <s < N g (normalizpd in
the cpse of reversible transformations). Thisparameter is redefined in this annex as follows:
Dy = Ny a1 ifWT_Typ = IRR
1 Ls=1.
Dy = ZTsZk=o ifWT_Typ = REV
The pormalization requireéments in clause G.2.1 remain as specified, using the above redefinition of Ds.
H.1.p  Compatibility of ARB and WS wavelet transformations
The fransformations defined in this annex constitute an extension of the transformations defined in Annex G. The ojitput
produced by<the*procedures in Annex G using an ATK marker segment specifying Filt_Cat = WS is equal to the ofitput
prodliced- by the procedures in this annex if the ATK marker segment is interpreted by setting the extension optipn to

Extep =WS and modifying (“unfolding™) the filter parameters for each lifting step as follows, in the order specified

1) Duplicate the sequence of lifting coefficients: define a4, = s, fork=0, ..., Ls— 1.

2) Reverse the first half of the extended sequence of lifting coefficients: set ag ) = a5, .1, for k=0,...,

Lo—1.
3) Define the value of the offset parameter: offs = mg — L.

4) Redefine the value of the parameter indicating the number of lifting coefficients: Lg = 2Ls.

H.2 Arbitrary (ARB) wavelet transformation reconstruction procedures

The procedures specified in this clause apply only in the case of ATK marker segment for which Filt_Cat = ARB. The
extended one-dimensional sub-band reconstruction filtering (1D_SR_ARB) procedure defined in this annex is specified
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as a sequence of lifting steps, which alternately update the odd subsequence with a weighted sum of even-indexed samples
and update the even subsequence with a weighted sum of odd-indexed samples. The option of reversible or irreversible

transformation is signalled by the WT_Typ parameter.

H.2.1

The extended 1D_SR_ARB procedure

Asiillustrated in Figure H.1, the extended 1D_SR_ARB procedure takes as input a one-dimensional array, Y, of interleaved
lowpass and highpass coefficients, the index i of the first sample in array Y, and the index i1 of the sample following the

last sample in array Y. It produces as output a reconstructed array, X, with the same indices (ig, i1).

For 4
even

Y, iy i,
WT Tip 1D _SR_ARB(Y) >
T.801(21)_FH.1

Figure H.1 — Parameters of the extended 1D_SR_ARB procedure

ignals of length one (i.e., ig = iy — 1), the 1D_SR_ARB procedure sets the value of X(ig) t0 X(ig) = Y(ip) if ipfis an
integer, and to X(ig) = Y(ig)/2 if ig is an odd integer.

For dignals of length greater than or equal to two (i.e., ig < iy — 1), as illustrated in Figure H.2, the 1D_SR_ARB procgdure

applies a scaling step in the case of irreversible transformations (WT_Typ = IRR)\and then applies a sequence of ljfting
stepq, defined by the parameters from Tables G.1 and H.1, to produce the recopstructed signal, X. The variable s, which

inde

es the lifting steps, decreases from N s — 1 to zero in the reconstructior,process.
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WT Typ = REV? >SXSS

iNo

1D_SCALER(Y)

i.i

§=N;¢1
m.=m

5 init

aY

s<0?

No

ID_STEPR(s,Y)

I

mg, =1-m
s=s5-1

S

)

H.22  The 1IDUSCALER procedure

para
used|only in irreversible transformations.

Y(i,) = Y(i,)/2

A

returdX= Y

Figure H.2 — Extended procedure 1D_SR_ARB

T.801(21)_FH.2

As S:I\nown insEiglre H.3, procedure 1D_SCALER applies a scaling procedure to interleaved input vector V using signalled
eter K'from Table G.1 and produces an updated version of vector V with the same indices (i, i1). This proceddre is

Vi i)

K
—_— >

ID_SCALER

Y,

T.801(21)_FH.3

Figure H.3 — Parameters of the 1D_SCALER procedure
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The 1D_SCALER procedure performs the following scaling operations:
V(2n) = K - V(2n)foriy < 2n < i; (H-1)
andV(2n+1) = (1/K) - V(2n + Dforig < 2n+1 < i (H-2)
H.2.3  The 1D_STEPR procedure

As shown in Figure H.4, procedure 1D_STEPR applies one reconstruction lifting step to interleaved input vector V and
produces an updated version of vector V with the same indices (i, i1).

V iy i
V
s, Exten, WT _Tip 1D_STEPR 7 5
—»
T.801(21)_FH.4

Figure H.4 — Parameters of the 1D_STEPR procedure

Procgdure 1D_STEPR applies an extension procedure, determined by the Exten parameter, to the input, V. This is
followed by a reconstruction update filtering procedure, determined by the WT_Typ parameter, as seen in Figure|H.5.
Only one of the two subsequences of V (the even- or the odd-indexed subsequence) is updated on each [pass
throygh 1D_STEPR.

ID STEPR(s, V)

v

ext

V., =1D_EXT WS(¥)

ID _EXT CON(V)

ID UPDATER REV(s, V.

ID_UPDATER_IRR(S, V., V) WT _Typ = REV? oy

Done

T801(21)_FHp

Figure H.5 — Procedure 1D_STEPR

H.2.4_- Extension procedures

The exact manner in which extended samples are accessed in a realization of this Recommendation | International
Standard (e.g., by copying extended arrays, by buffering, by indirect addressing, or by some other strategy) is
implementation-dependent. This clause is normative only insofar as it defines mathematical extensions of the input vector
of sufficient length to enable the 1D_UPDATER_REV and 1D_UPDATER_IRR procedures to perform their update
filtering operations as specified.
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H.2.4.1 Minimum extension lengths

Although procedures 1D_EXT WS and 1D_EXT_CON in principle define arbitrarily long extensions of the input vector,
V, the minimum number of extended samples required to perform a given lifting step, s, can be calculated in terms of the
wavelet transformation parameters for that step. The minimum extension lengths, ijert and irignt, for lifting step s are
defined to be the smallest non-negative integers such that the interval [ig — ijef, i1 — 1+irign] contains all indexes addressed
by the update filtering procedures 1D_UPDATER_REV(s) and 1D_UPDATER_IRR(s). Minimum extension lengths for
lifting step s are given in Tables H.2 and H.3 as functions of the parity of ig and iy, the update characteristic, ms, the
number of lifting coefficients, Lg, and the offset, off;. A minimum extension length is zero whenever an expression in
either of these two tables evaluates to a negative number for some particular set of parameter values.

Table H.2 — Minimum left extension length

ieft: ms=0 mg=1
ipeven -1 — 20ff; —20ffg
ipodd —2 — 20ff 1 — 2off

Table H.3 — Minimum right extension length

iright: ms=0 mg'=1
i1 even 2(Lg— 1 + offy) -1 £2(5 — 1 + offy)
i, odd 1+ 2(Lg—1 + offy) =2 +2(Ls— 1 + offy)

H.24.2 1D EXT_WS procedure

As shown in Figure H.6, the 1D_EXT_WS procedure accepts as input‘a vector V supported on an interval (ig, i1) and
outplits a vector Vey: supported on a larger interval containing values of i beyond the range ig < i < i;. Except fgr the
minimum extension lengths, ijeft and irignt (Specified above in clause H.2.4.1), this procedure is identical to the 1D_EXTR
procgdure defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause F.3.7. This procedure does not modify its input vector,

V' i()' il V(:xr
ID_EXT WS ey

T.801(21)_FH.6

Figure.H:6 — Parameters of the 1D_EXT_WS procedure

H.2.4.3 1D _EXT_CON procedure

As shown in Figure H.7, the?ID _EXT_CON procedure accepts as input a vector V supported on an interval (ig, i1) and
outplits a vector Vey: supported on a larger interval containing values of i beyond the range ig < i < i;. The minimum

extension lengths required for an extension created by procedure 1D_EXT_CON are specified above in clause H.2.4.1.
This|procedure dogs-not modify its input vector, V.

V i{)v i 1 V(:xr
ID_EXT _CON Ly

TBOTZT_FH.7

Figure H.7 — Parameters of the 1D_EXT_CON procedure

Procedure 1D_EXT_CON defines constant extensions of the even- and odd-indexed subsequences in V according to the
following rules.

Forig<i<iy:

Vexe (D) = V()
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Fork>1:
Vext (lo — 2k) = V(io)
Vort (o + 1 —=2k) =V (ip + 1)
Vot (i =14+ 2k)=V(i; — 1)
Vort (iy — 2+ 2k) =V (i, — 2)
H.2.5——One-dimensionalrecenstruction-updatefHtering-procedures
Twolreconstruction update filtering procedures are defined, one for reversible transformations (1D_UPDATER-H

and
subs

char

take
indig

H.2.

Proc
sum

show

The

for a

bne for irreversible transformations (1D_UPDATER_IRR). Reconstruction steps are defined recursively’as

cteristic is signalled in Table G.1 by the mj,j; parameter, and recursing downward: mg_; = 1 — mg>Both proce
as input an interleaved input vector V and produce as output an updated version of vecter V with the
es (ig, i1).

b.1 Reversible one-dimensional reconstruction update (1D_UPDATER_REV)4{rocedure

of samples from the extended sequence, Vey, after applying a rounding operation to the weighted sum. Figurg

s the input parameters to procedure 1D_UPDATER_REV.
V’ I.[l’ f]’ V;‘.\'f
ol my L, ID_UPDATER_REV AN
a.\‘.l(’ BA’ E\
T.801(21)_FH.8

Figure H.8 — Parameters of the'1ID_UPDATER_REYV procedure

[D_UPDATER_REV procedure performs(the following update filtering operation:

(Bhey! s e Vext(@n+1-mg+2(k+of £)))+Bs

28&s

V(2n+mg) =V(2n + mg)

I nsuch that ig < 2n + mg <'iy

pquence updates (mg = 0) or odd-subsequence updates (mg = 1), beginning with step number N 5 — L) whose uxdate

EV)
Ven-

ures
bame

bdure 1D_UPDATER_REV maodifies either the even- or the odd-indexed subséquence in vector V by a weighted

H.8

(H-3)

H.2.5.2 Irreversible one-dimensional reconstruction update (1lD_UPDATER_IRR) procedure
Procgdure 1D_UPDATER_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
of samples from the€xtended sequence, Vgy:. Figure H.9 shows the input parameters to procedure 1D_UPDATER_|RR.

Vi iV,

off my L, ID_UPDATER_IRR AN

éf" T.801(21)_FH.9
Figure H.9 — Parameters of the 1D_UPDATER_IRR procedure
The 1D_UPDATER_IRR procedure performs the following update filtering operation:
Vn+mg) =VEen+mg) — X agp - Veee2n + 1 —mg + 2(k + of £;)) (H-4)

fora

90

Il n such that ig < 2n + mg < iy.
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H.3 Arbitrary (ARB) wavelet transformation decomposition procedures (informative)

The extended one-dimensional sub-band decomposition filtering (1D_SD_ARB) procedure is implemented as a sequence
of lifting steps, which alternately update the odd subsequence with a weighted sum of even-indexed samples and update
the even subsequence with a weighted sum of odd-indexed samples.

H.3.1  Extended 1D_SD_ARB procedure (informative)

As illustrated in Figure H.10, the extended 1D_SD_ARB procedure takes as input a one-dimensional array, X, of data,
the index ig of the first sample in array X, and the index i1 of the sample following the last sample in array X. It produces
as output an array, Y, of interleaved sub-band samples, with the same indices (i, i1).

X iy i,
WT_TVP 1 D_SD_ARB —YF
T.801(21)_FH.10

Figure H.10 — Parameters of the extended 1D_SD_ARB procedure

For gignals of length one (i.e., ig = i1 — 1), the 1D_SD_ARB procedure sets the value of Y(ig) to Y(ig) = X(ig) if ig[is an
even|integer, and to Y(ig) = 2X(ig) if ig is an odd integer.

For dignals of length greater than or equal to two (i.e., ig <i; — 1), as illustrated in Eigure H.11, the 1D_SD_ARB procgdure
applies a sequence of lifting steps, defined by the parameters from Table H,1, and then applies a scaling step in the|case
of irfeversible transformations (WT_Typ = IRR) to produce the decomposed‘signal, Y. The variable s, which indexgs the
lifting steps, increases from zero to N s — 1 in the decomposition process.
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ID_SD_ARB(X)

Yes > i, even? Yes
No
s=0 Xiy) = 2X(iy)
N
1D STEPD(s, X)
Moy =1 —m, ID SCALED(X)
s =s+1
l4 Y y
v
return ¥ =X
Done
T.801(21)_FH.11
Figure H.11 — Extended procedure 1D_SD_ARB
H.3.2  The 1D_STEPD procedure (informative)
As shown in Figure H.12, procedure 1D_STEPD applies one decomposition lifting step to input vector V and produces
an updated version of vector V with the same indices (i, i1).
Vi i,
s, Exten, WT Typ ID_STEPD —>
—_—
T.801(21)_FH.12

Figure H.12 — Parameters of the 1D_STEPD procedure

Procedure 1D_STEPD applies an extension procedure, determined by the Exten parameter, to the input, V. This is
followed by a decomposition update filtering procedure, determined by the WT_Typ parameter, as seen in Figure H.13.
Only one of the two subsequences of V (the even- or the odd-indexed subsequence) is updated on each pass through
1D_STEPD.
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V. =1D_EXT WS(¥)

ext

1D_UPDATER_IRR(, V,

xr

V)

H.3.

The
spec

H.3.

Two
and
subs

as oy

H.3.

Proc
sum

show

WT Tip=REV?

ID_UPDATER_REV(s, V.5 )

Done

T.801(21)_FH.1p

Figure H.13 — Procedure 1D_STEPD

B Extension procedures (informative)

extension procedures 1D_EXT_CON and 1D_EXT_WS shown in Figure H.13 are identical to the procedlures
fied in clause H.2.4, including the specifications of minimum extension lengths.

L One-dimensional decomposition update procedures (informative)

decomposition update filtering procedures are defined, one for reversible transformations (1D_UPDATED_REV)
pne for irreversible transformations (1D_UPDATED_IRR). Decomposition steps are defined recursively as gven-
pquence updates (mg = 0) or odd-subsequence updates (mg = 1). Both procedures take as input a vector V and prdduce

tput an updated version of vector V withithé same indices (i, i1).

1.1 Reversible one-dimensional decomposition update (1D_UPDATED_REV) procedure (informative)

edure 1D_UPDATED_REV motlifies either the even- or the odd-indexed subsequence in vector V by a weighted

pf samples from the extended sequence, Ve, after applying a rounding operation to the weighted sum. Figure

s the input parameters.ta_procedure 1D_UPDATED_REV.

Vg iV

off, my, L,

us.k’ B 5 Es

ID_UPDATED REV

T.801(21)_FH.14

Figure H.14 — Parameters of the 1D UPDATED REV procedure

H.14

The 1D_UPDATED_REYV procedure performs the following update filtering operation:

Vi2n+mg) =V(2n+my) +

(ZiS:T)l as,k'Vext(2n+1_ms+2(k+0ffs)))+ﬁs

for all n such that ig < 2n + mg < iy.
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H.3.4.2 Irreversible one-dimensional decomposition update (1D_UPDATED _IRR) procedure (informative)

Procedure 1D_UPDATED_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
of samples from the extended sequence, Vgyt. Figure H.15 shows the input parameters to procedure 1D_UPDATED _IRR.

The

for a

H.3.
As §

V' i[l’ i]’ V('\'r
iFom, L
off, my L, ID_UPDATED IRR AN
a.\,k
EE— NN
T.801(21)_FH.15

Figure H.15 — Parameters of the 1D_UPDATED _IRR procedure

LD_UPDATED_IRR procedure performs the following update filtering operation:

I n such that ig < 2n + mg < iy.

b 1D_SCALED procedure (informative)

V2n+mg) =VEen+mg) + X agp - Veee2n+ 1 —mg + 2(k + of £;)) (H-6)

hown in Figure H.16, procedure 1D_SCALED applies a scaling procedurecta-interleaved input vector V yising

signglled parameter K from Table H.1 and produces an updated version of vector'V"with the same indices (ig, i1).|This

proc

The

H.4
Exar
and

H.4.

All d
the t
with

pdure is used only in irreversible transformations.
V, iy, i,
X ID_SCALED SN
_—
T.801(21)_FH.16

Figure H.16 — Parameters ofithe 1D_SCALED procedure

Examples of ARB-wavelet transformations (informative)

hples of optional wavelet transformations are specified in terms of their signalled parameters, as listed in Table
H.1. Parameters thatoccur in sequences (e.g., Ls, s =0, ..., N_s — 1) are enumerated in order of increasing inde|

|  Examplesiof arbitrary wavelet transformations (Filt_Cat = ARB) (informative)

symmetric lowpass impulse responses and antisymmetric highpass impulse responses.

H.4.1.1 Reversible ARB wavelet transformations (WT_Typ = REV) (informative)

H.4.1.1.1 The reversible Haar 2-2 wavelet transformation (informative)

Tables H.4 to H.6 provide information on reversible ARB wavelet transformations Haar 2-2, 2-6 and 2-10.
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LD_SCALED procedure performs the following scaling operations:
v@En) = (%) -V (2n) for iy < 2n < i H-7)
andV(2n+1) =K-VQ@2n+ 1) for ip<2n+1<i H-8)

G.1

e
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Table H.4 — Parameters of the reversible Haar 2-2 wavelet transformation

H.4.1.1.2 Reversible 2-6 wavelet transformation (informative)

H.4.1.1.3 Reversible 2-10 wavelet transformation (informative)

Parameter Value(s)
Minit
Nis
Ls 1,1
Qs k apo=-1
ag0=1
€s 0,1
Bs 0,1
Exten CON
offg 0,0

Table H.5 — Parameters of the reversible 2-6 wavelet transformation

Parameter Value(s)
Miniit 1
Nis 3

Ls 1,13

Qs k ag0=-1
ag0=1

ar=10-1
€ 0,1,2
Bs 0,1,2
Exten CON
offg 0,0,-1

Table'H,6 — Parameters of the reversible 2-10 wavelet transformation

H.4.12

H.4.1.2.1 Irreversible 6-10 wavelet transformation (informative)

Parameter Value(s)
Minit 1
Nis 3

Ls 1,1,5
Ols k g, 0= -1

ap =1

sk =-3,22,0,-22,3
£ 0,1,6
Bs 0,1,32
Exten CON

offg 0,0,-2

Irreversible ARB wavelet transformations (WT_Typ=IRR) (informative)

Tables H.7 and H.8 provide information on irreversible ARB wavelet transformations 6-10 and 10-18.

© ISO/IEC 2023 - All rights reserved
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Table H.7 — Parameters of the irreversible 6-10 wavelet transformation

Parameter Value(s)
Minit 1
Nis 7
Ls 1,1,2,1,2,1,3
s k ap, 0= -1
oy o=1588 134 342 QR
oy k= —0,460 348 209 828,
0,460 348 209 828
a3 0 = 0,25
o4 k= 0374 213 867 768,
-0,374 213 867 768
os k= -1,336 134 342, \06
ag k= 0,293 067 171N -03,
0,
-0,293 067 171 03
K 1
Exten WS
off 0,0,0(=1,0,0,-1

H.4.1.2.2 Irreversible 10-18 wavelet transformation (informative)

Table H.8 — Parameters of the irreversible 10-18 wavelet transformation

Parameter Value(s)
Minit 1
Nis 11
L 1,1,2,1,21,2,1,2,1,5
Ols ag,0= -1
ap o= 0997 150 691 05
op k= -1,005 731 278 27,
1,005 731 278 27
a3 o= -0270 403 576 31
o4x= 2205 099 723 43,
—2,205 099 723 43
a5 0= 0080 599 957 36
ag = -1626 825 323 50,
1,626 825 323 50
a7 0= 0520 403 576 31
ag k= 0604 046 642 50,
—0,604 046 642 50
og o= -0,827 750 648 41
g = 0,066 158 129 64,
0,294 021 377 20
0,
-0,294 021 377 20
0,066 158 129 64
K 1
Exten WS
off, 0,0,0,-1,0,0,0,-1,0,0, -2
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H.4.2  Example of a structure for lifting implementation of half-sample symmetric wavelet transformations

(informative)

The lifting steps given in Figure H.17 guarantee that the filters implemented are half-sample symmetric. The parameters
o, k used in Figure H.17 are different from those used in all other sections. The function R(x) is either the identity R(x) = x

(for irreversible transformations) or R(x) = [’t—f] for reversible transformations.

Vn, y,=x,
= Lo

my = (-1)
k=0
i=0

(Initializations)

e

l

Y, Yyt = Vo1 — R - (}"2n+17m,,)

Yes
No
Vn, Yo = Von = R- (U'OJ . J"Znﬂn,‘)
my
B().j 7
(1-2 Zao,)
i=0
VR, Yy = Vo — R (.Bu,," (V2 = V2ur2))
J=itl
m;=-m
y= —1
2By

VR, ¥s, = Yo d RE(Y - Vapt)

l

k=k+1

N|
v

(high-pass lifting step)

(lewpass lifting step)
(high-pass lifting step)

(low-pass lifting step)

sz—lfl

n, v, =y, + R Z Oy gy (Ver*I—l] _yzu—m,))
Jj=0

(low-pass lifting step)

l

k=k+1

i

Yes

No

L1

VH, Vo1 = Vo +R ZU‘ZI\'J : (yln—lfj 7}"2n+2;‘))
i=0

(high-pass lifting step)

l

k=k+1

T.801(21)_FH.17

Figure H.17 — Lifting implementation for forward half-sample symmetric wavelet transformations
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Annex |

Single sample overlap discrete wavelet transform,
code-block anchor point and progression order extensions

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |

ISO/

extensions in this Recommendation | International Standard. The capabilities of the codestream are defined by, thd

mark

1.1
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1.2.1
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imag

component resolution levelinto precincts. The precinct is anchored at location (zy, zy), so that the upper left hand ¢

of arn
PPy
A.6.
all re

er segment parameter Rsiz (see clause A.2.1) and by the CAP marker segment (see clause A.3.13).

Introduction to single sample overlapping

annex specifies four possible extensions.

pther

code-block anchor point (CBAP) extensions concern the partitioning of sub-bands into code-blocks, and epable

ory-efficient implementations of the DWT, as well as memory-efficient geometri¢’manipulations of compr
e data (90°, 180° and 270° rotations, and mirror operations).

bosition-resolution level-component-layer progression is an extended progression order that is specified in 1.2.
ression order can be used with or without CBAP extensions.

Single sample overlap (SSO) extension (see 1.3.1 and 1.3.2) concerns\the independent application of the dis
let transformation to blocks of samples which overlap by one row-and one column, which enables a low-me
-based implementation of the discrete wavelet transformations,.both forward and inverse.

ile single sample overlap (TSSO) extension (see 1.3.1 and 1.3.2)-Concerns the partitioning of images into image
h overlap by one row and one column of samples.

The code-block anchor points (CBAP)-extension

parameters z, and zy are signalled in the Scod marker parameter (see clause A.2.3). If they are both equal to
no modification need be made to Rec. ITU{T T.800 | ISO/IEC 15444-1. If either of z, and z, is equal to 1, the
wing modifications to annexes of Rec, FU-T T.800 | ISO/IEC 15444-1 need to be made.

Division of resolution levels.in precincts

clause replaces Rec. ITU-T T(800 | ISO/IEC 15444-1, Clause B.6.

ider a particular tile-component and resolution level whose bounding sample coordinates in the reduced resol
e domain are (trxg, tryp)-and (trx;—1, try;-1), as already described. Figure 1.1 shows the partitioning of thig

y given precinctinthe partition is located at (z¢ + m - 2PPX, z, + n - 2PPY) where m and n are integers, and PP
are signalled:inithe COD or COC marker segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.]
). PPx and PPy may be different for each tile-component and resolution level. PPx and PPy shall be at least
solutiofnilevels except r = 0 where they are allowed to be zero.
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whele trx,, try,, tnxy/and try; are defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-14.
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Figure 1.1 — Precincts of one reduced resolution (modified Figure B.8 of ReC.
ITU-T T.800 | ISO/IEC 15444-1)

number of precincts which span the tile-component at resolution level, r, is given by:

trxq —zx] ltrxo—zx

; : tray Strx
numprecinctswide = ([ 2PPx 2PPx J ’ B 0

0, otherwise

tryl—zy] ltryo—zyJ

. . — , try, > tr
numprecinctshigh = ([ 2PPY 2PP Y1 Yo
0, otherwise

if Equations I-1 and I-2 indicate that both numprecinctswide and numprecinctshigh are nonzero, some, o
ncts may still be empty as explained below. The precinct.ipdex runs from 0 to numprecincts — 1 where numpreg
mprecinctswide - numprecinctshigh in raster order (see Figure 1.1). This index is used in determining the ord
prance, in the codestream, of packets corresponding-to-each precinct, as explained in Rec. ITU-T T.800 | 1ISQ
4-1, Clause B.12.

bartition element associated with integers m and-n has a corresponding precinct within the codestream, having u
nd lower-right corners (px,, pyo) and (pxr=<-1, py;- 1)given by the following equations, whenever px; > px

> PYo-
pxo = max{trx,, z, + m - 2FP*}

pYo = max{try,, z, +n - 2°Fv}
px; = min{trx,, z, + (m + 1) - 2FP*}

py, = min{try,, z, + (n + 1) - 2PV}

precinct maps'into the three sub-bands (N —r + 1)HL, (N —r + 1)LH and (N —r + 1)HH with upper-left and Ig
corners<(pxg, pyo) and (pbx; — 1, pby; — 1) where:

pbx, = [@] + (1 — xo0p)z,

(I-1)

(I-2)

Fall,
incts
er of
IEC

hper-
and

Wer-

(I-3)

pbyo = [P222%2| + (1 - yo,)z,
pbx; = [mi&] + (1 —x0p)z,

pby; = [222%] + (1 - yo,)z,

where xoy, and yoy, are given in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table B.1.

(1-4)
(1-5)
(1-6)

It can happen that a precinct is empty, meaning that no sub-band coefficients from the relevant resolution level actually
contribute to the precinct. This can occur, for example, at the lower right of a tile-component due to sampling with respect
to the reference grid. When this happens, every packet corresponding to that precinct shall still appear in the codestream
(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause B.9).
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1.2.2
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Sub-
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2

Division of the sub-bands into codeblocks
This clause modifies Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause B.7.

The following two sentences concerning the code-block partition should replace the ones present in Rec. ITU-T T.800 |
ISO/IEC 15444-1, Clause B.7, following Equation B-19.

Like the precinct, the code-block partition is anchored at (z, zy), as illustrated in Rec. ITU-T T.800 | ISO/IEC 15444-1,
Figure 1.2. Thus, all first rows of code-blocks in the code-block partition are located aty =z, + m - 2Y¢b" and all first
columns of code-blocks are located at x = z, + n - 2X¢0', where m and n are integers.

1.2.3

.'(‘\l .N
< = + +
" < = =
. + + + +
N s s S8 IS
Z-V 1 1 1 1 ] |
] S N - S S— S S — S — e
R — i ! s s 1
R - / / / / e e L f oo Subbpndb
! ! ! R ; in tile
b +2)2" : / % i : \ : =i
1 1 1 1 I
| / / | | |
a / / //// / / e | 1
band b i i t ] ]
in tile i /) - / ! i | Sub-bhnd
wn [ el S T o
A \\\\\\\\\\\\\ \\\\\\\\\\\\\ RN - 5 %
s thyy) — ' ' i 1
: \\ \\ \\ : : < ‘r Code-plock
: \ h \\ i i |
I i TN AR RRRA R RRRR R RRRRRR AR LR RN R 2 O T i it i i
b.dnd. b ' \ \ 1 " 1 Precinct
in tile - A \w\ : ! .‘
v : : : |
i \ \ i i |
“““ 1 \\\ \\\ \ \\ ST TTTTTGRTTTTTTTTTTTYTTT T
,,,,,, 4 \
: ' ' i i |
(thx,—1, thy,—1) T.801(21)_FI.2
Figure 1.2 — Codeblocks and precincts in sub-band b from four different tiles
Resolution Ip\/pl-lnn':i'rinn-mmpnnpnt-Iaypr Inrngrp':cinn

This clause replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.3.

Resolution level-position-component-layer progression is defined as the interleaving of the packets in the following order:

foreachr =0, ..., Nmax
foreachy =typ, ..., ty1—1,
for each x = txg, ..., tXg-1,
foreachi=0, ..., Csiz—-1
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if ((y — zy) divisible byYRsiz(i) - 2PPY"D+NLO-T) OR ((y = tyg) AND ((try, — z,) - 2M@O~" NOT
divisible by 2PPY("D+NL{D-TY)
if (x — zy) divisible byXRsiz(i) - 2PP*mD+NLD-T) OR ((x = txg) AND ((trxo — z,) - 2Nt@O~" NOT
divisible by 2PPX(D+NL({H-TY))
for the next precinct, k, if one exists,
foreach1=0,..,L-1
packet for component i, resolution level r, layer I, and precinct k.

1.2.4

This|clause replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.4.

X—Zx l Y—zy
XRsiz(i)2NL™1 trxg—2zy . . . YRsiz(i)-2NL~1 tryo—zy
k= SPPx(rD) lzPPx(ﬂi)J + numprecinctswide(r, i) - SPPyD ol Proorers (1-7)

Position-component-resolution level-layer progression

Posifion-component-resolution level-layer progression is defined as the interleaving of thepaekets in the following drder:

fore

1.2.5
This
Com
f

foreachy = tyg, ..., ty1—1,

for each x = txg, ... , tX3-1,

clause replaces ReCATU-T T.800 | ISO/IEC 15444-1, clause B.12.1.5.
ponent-position=resolution level-layer progression is defined as the interleaving of the packets in the following grder:
br each i =0/ ... , Csiz-1

for each y =typ, ..., ty1—1,

foreachi=0, ..., Csiz-1

foreach r =0, ..., N_where N is the number of decompgsition levels for component i,
if ((y — zy) divisible by YRsiz(i) - 2PPYO+NLOTHNOR ((y = tyo) AND ((try, — zy) - 2NO~" NOT
divisible by 2PPY(rD+NL({H-TY)
if (x —zy) divisible by XRsiz(i) - 2PPXDHNLO-T) OR ((x = txg) AND ((trx, — z,) - 2N:®O-" NOT

divisible by 2PPX(rD+NL({H-TY))
for the next precinct, k, if ane exists, in the sequence shown in Figure 1.1

foreach 1=0, ..., k=t
packet for component i, resolution level r, layer I, and precinct k.

In the above, k can be obtained from Equation I-7. To use this progression, XRsiz and YRsiz values shall be powers of two
hch component. A progressionof this type might be useful in providing high sample accuracy for a particular spatial

locatjion in all components.

Component-positign-resolution level-layer progression

foreachx —txg  tx4-1
foreach r =0, ..., N where N is the number of decomposition levels for component i,
if ((y — zy) divisible by YRsiz(i) - 2PPYD+NLO-T) OR ((y = tyg) AND ((try, — zy) - 2VtO~" NOT
divisible by 2PPY(mO+NL(D-TY)
if (x —zy) divisible by XRsiz(i) - 2PP*mD+NL(D-T) OR ((x = txg) AND ((trx, — z,) - 2M:O~" NOT
divisible by 2PPx(D+NL{D-TY))
for the next precinct, k, if one exists, in the sequence shown in Figure 1.1
foreach1=0,..,L-1
packet for component i, resolution level r, layer I, and precinct k.
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In the above, k can be obtained from Equation I-7. A progression of this type might be useful in providing high accuracy

for a

1.2.6
This

particular spatial location in a particular image component.

Position-resolution level-component-layer progression

clause defines the position-resolution level-component-layer progression order that is enabled if

Position-resolution level-component-layer progression is defined as the interleaving of the packets in the following order:

foreachy =typ, ..., ty1—1,

for each x = txg, ..., tX1-1,

Inth
fore

1.3

This
COLC
The

1.3.1

The

G.2.
proc
HOR

1.3.1

The
deco|

foreach r =0, ..., N_where N;_is the number of decomposition levels for component i,
foreachi=0,..., Csiz—-1
if ((y — zy) divisible by YRsiz(i) - 2PPYD+NLO-T) OR ((y = tyg) AND ((try, — z,)|2¥tO~7
divisible by 2PPY(mO+NL(D-TY)
if (x — ) divisible by XRsiz(i) - 2PP*MD+NLO-T) OR ((x = txg) AND ((tr¥g = z,) - 2NLO-T
divisible by 2PP*mD+NL(D-TY)
for the next precinct, k, if one exists, in the sequence shown in Figure 1.1
foreach1=0,..,L-1
packet for component i, resolution level r, layer ¥, and precinct k.

b above, k can be obtained from Equation I-7. To use this progression, XRsiz and YRsiz values shall be powers o
hch component.

The SSO extension

clause applies only if the SSO extension is selected. The:selection of the SSO extension is signalled in the exte
and COC markers (see clause A.2.3) and is only applicable to WS wavelet transformations (i.e., Filt_Cat =

Single sample overlap inverse discreteivavelet transformation (SSO-IDWT)

election of the SSO extension requires a madification of the 1D_FILTR_WS filtering procedure described in ¢
.2 (the 1D_FILTR_SSO procedure), aswell as a maodification of the IDWT, 2D_SR, HOR_SR, VER_SR and 1L}
pdures described in Rec. ITU-T+-T.800 | ISO/IEC 15444-1, Clause F.3: the IDWT_SSO, 2D SR
_SR_SSO, VER_SR_SSO and D *SR_SSO procedures. These modifications are specified in this clause.

1 The IDWT_SSO procedure

IDWT_SSO procedure~(ilustrated in Figure 1.3) starts with the initialization of the variable lev (the cu
mposition level) toNyyof the variable XCy, to XC /2" and of the variable YCy, to YC /2N, where XC and Y

given in the COD/COC)marker, in the SSO offset portion. The 2D_SR_SSO procedure (described in clause 1.3.1

perfq
2D _
band

rmed at every(level lev, where the level lev decreases at each iteration, until iterations are performed.
bR_SSO procedure is iterated over the levLL, levLX or levXL sub-band produced at each iteration. Finally, the

agr L (Ugey VoL o) is the output array 1(x, V).

barameters relevant to the SSO extension XC, YC aré’signalled in the COD and COC extended marker segment.

NOT

NOT

f two

nded
WS).

ause
SR
550,

rrent
C are
2) is
The
sub-
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lev=N,
XCy = XC/2NL

V], r
YCy, = YC/2M
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Done

A\ 4

lev =10

No

1

1(x, p) = ag(x, ¥)

a(fev— NLL = ZD_SR_SSO(GIGVLL’ Qevnirs AievLtt Vevrre Yoo Ups Voo Vi XCI’(:"I" YCJ’m‘)

|

X("J’m' -1 ZXCfL-v
Yc"iﬁ'— 1= ZYCFGL
lev=lev—1

1.3.1]2 The 2D_SR_SSO Procedure

The PD_SR_SSO procedure is identical to the 2D_SR ‘procedure described in Rec. ITU-T T.800 | ISO/IEC 154
clauge F.3.2, except for the addition of the parameters XCjey, YCjey (See Figure 1.4), which are respectively used b
HOR_SR SSO and VER _SR_SSO procedures- (see 1.3.1.3 and 1.3.1.4). The 2D _SR_SSO procedure uses

T.801(21)_F1.3

Figure 1.3 - The IDWT /SSO Procedure

2D_INTERLEAVE procedure specified in Ree. 1TU-T T.800 | ISO/IEC 15444-1.

14-1,
y the
the
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2D SR_SSO

a=2D_INTERLEAVE(a,,,,;. @ Qo Qperirs too Ui Vor V1)

}

1.3.1

The
claus

1.3.1

The
claug

1.3.1

The
claus
replg

parameter xC (if called by.the HOR_SR_SSO procedure) or the parameter yC (if called by the VER_SR_SSO proced

1.3.1
The

and gutput parameters of the 1D_FILTR_SSO procedure are given in Figure 1.5.

a=HOR_SR_SSO(a, uy, u,, v, v, XC,,,)

|

Aoy 1y = VER_SR_SSO(a, uy, uy, vy, v, YC,,)

T.801(21) Fl.4

Figure 1.4 — The 2D_SR_SSO procedure

3 The HOR_SR_SSO procedure

HOR_SR_SSO procedure is identical to the HOR_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154
e F.3.4, except for the addition of the parameter xC, which is used by the 1D_SR_SSO procedure (see 1.3.1.5).

4 The VER_SR_SSO procedure

VER_SR_SSO procedure is identical to the MER_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154
e F.3.5, except for the addition of the parameter yC, which is used by the 1D_SR_SSO procedure (see 1.3.1.5).

5 The 1D_SR_SSO procedureg

1D_SR_SSO procedure is identical to the 1D_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154
e F.3.6, except for the addition of the parameter dC (which is an input to the 1D_FILTR_SSO procedure) an
cement of the 1D_FILTR procedure by the 1D_FILTR_SSO procedure (see 1.3.1.6). The parameter dC is eithe

6 The 1D _EW_TR_SSO procedure
|D FILTR_SSO procedure is a modification of the 1D_FILTR_WS procedure described in clause G.2.2.2. The

X

14-1,

14-1,

14-1,
 the
r the
ure).

nput

B —

e S— TD FILTR SSO —

dC

T.801(21)_FI.5

Figure 1.5 — Parameters of the 1D_FILTR_SSO procedure

Let kg be defined by:
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and N is defined by:

= [azt] _ |k -
N = e ] chJ (1-9)
Subdivide the interval [ig, iy — 1] into the Ny intervals I, = [Ny, np+ 1] (0 =0, 1, ..., Ny — 1), where nj, is defined by:
no = ip,ny, =iy —landn, = (kg + p)dCforp=1,...,N, — 1 (1-10)
For an index i<y, define the function PSEq (i) as:

PSE (i) = PSEo(i,np, Npy1 + 1) (1-11)

wheife The Tunction PSEQ(I, Tg, 17) 1S defined in Rec. ITU-T T1.800 [TSO/TEC 15444-T, Equation F-4.

1.3.116.1 Reversible transformations

This|clause specifies for reversible transformations the modifications of each lifting step s as specified in|Equation|G-2.
The modification of Equation G-2 ensures that each coefficient V(2n + mg) is calculated exclusively from coefficien{s the
indiges of which belong to the same interval 1, as 2n + ms. At each lifting step, all values V(np) forifngimod(n,, dC} = 0;
p=4q,1,..,N}ifany, remain unmodified, while all other values V(2n + ms) (i.e., for which 2h.3mg belongs to a sjngle
interpal 1p) are modified according to Equation 1-12:

(ziigl as i (V(PSEQ p(2n+ms—(2k+1)))+V (PSEq p(2n+ms % (2k+ 1)))))+,85

Vien+mg) =V(2n+my) — %5 (-12)

1.3.116.2 Irreversible transformations

This|clause specifies for irreversible transformations the modifications of @ach lifting step s as specified in Equation|G-6.
The pcaling steps specified in Equations G-4 and G-5 are not modified<The modification of Equation G-6 ensureg that
each|coefficient V(2n + ms) is calculated exclusively from coefficients the indices of which belong to the same interyal I,
as 21 + ms. At each lifting step, all values V(np) for {ngimod(n,, dC)=0; p=0, 1, ..., N}, if any, are modified accofding
to Equation 1-13:

V(np). T(1/Bs)V (ny) ¢-13)

whetle B is defined in Equation G-1, while all other-values V(2n + mg) (i.e., for which 2n + mg belongs to a sjngle
interpal 1,) are modified according to Equation |,14:

V(2R +mg) = V(2n +mg) — (T55, s W(PSEg,(2n + mg — (2k + 1)) + V(PSEo,(2n + ms + 2k + 1Y)
(-14)

1.3.2 Single sample overlap forward discrete wavelet transformation (informative)

The $election of the SSO extension’requires a modification of the 1D_FILTD_ WS filtering procedure described in clause
G.3.2 (the 1D_FILTD_SSQ-procedure), as well as a modification of the FDWT, 2D_SD, HOR_SD, VER_SD and 100 SD
procgdures specified inRec. ITU-T T.800 | ISO/IEC 15444-1, Clause F.4 (the FDWT_SSO, 2D_SD_ESO,
HOR_SD SSO, VER/SD’ SSO and 1D_SD_SSO). These modified procedures are specified in this clause.

1.3.211 The EDWT_SSO procedure

The [FDWT<SSO procedure (illustrated in Figure 1.6) starts with the initialization of the variable lev (the cyrrent
decomposition level) to 1, of the variable XC; to XC and of the variable YC; to YC, where XC and YC are given ip the

COD/COC marker (see Table A.9). The 2D_SD_SSO procedure (described in clause 1.3.1) is performed at every [level
lev, WieTe the Tevel teviTCreases at eaciT iteration, untit N terations are performed.
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FDWT_SSO

lev=1
XC =XC
Yc, =Yc

ag (i, v) = 1I(u, v)

Y

A\ 4

lev> N,

(Wievirs Derrii> Cievttis Veritrr) = ZD_SR_SSO(GUE.-- DLL Hos Uy Vs Vs XC,,, YC,,p)

|

XC.’L’\' +1 :XCJ‘:'\'/Q
YCp, = YC,,, /2
lev=lev+1

| T.801(21)_F1.6

Figure 1.6 — The FDWTZSSO procedure

1.3.212 The 2D_SD_SSO procedure

The [2D_SD_SSO procedure is identical to 2D_SD~procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1,
clauge F.4.2, except for the addition of the parameters XCiey, YCley (S€€ Figure 1.7), which are respectively used by the

HOR_SD_SSO and VER_SD_SSO procedures-(See 1.3.2.3 and 1.3.2.4).
1.3.213 The HOR_SD_SSO procedure

The HOR_SD_SSO procedure is ideftical to the HOR_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 154#14-1,
clauge F.4.4, except for the addition.of the parameter xC, which is used by the 1D_SD_SSO procedure (see 1.3.1).
1.3.2)4 The VER_SD_SSO procedure

The WER_SD_SSO procedure is identical to the VER_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 154414-1,
clauge F.4.3, except far the addition of the parameter yC, which is used by the 1D_SD_SSO procedure (see 1.3.1).
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2D _SD _SSO

a=VER_SD_SS8O(a,, 11>t 13, Vs V15 YCo,,)

}

1.3.2

The [LD_SD_SSO procedure is identical to the 1D_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 154

claug
replg
the

procgdure).

1.3.2

The ID_FILTD_SSO procedure is a medification of the 1D_FILTD_WS procedure described in clause G.2.2.2. The
and gutput parameters of the 1D_FH-TD SSO procedure are given in Figure 1.8.

1.3.2
This
The
indig
{npl

mg b

a=HOR_SD_SSO(a, uy, uy, v, v\, XC,,,)

|

(@errrs Deypits Vvt Vo) = 2D_DEINTERLEAVE(a, uy, 1y, vy, v;)

T.801(21) FL.7

Figure 1.7 — The 2D_SD_SSO procedure
5 The 1D_SD _SSO procedure

e F.4.6, except for the addition of the parameter dC {Which is an input to the 1D_FILTD_SSO procedure) an
cement of the 1D_FILTD_WS procedure by the 1ID\FILTD_SSO procedure (see 1.3.2.6). The parameter dC is
arameter xC (if called by the HOR_SD_SSO-procedure) or the parameter yC (if called by the VER_SD |

6 The 1D _FILTD_SSO procedure

6.1 Reversible transformations

clause specifies for reversible transformations the modifications of each lifting step s as specified in Equation
modification of Equation G-8 ensures that each coefficient V(2n + mg) is calculated exclusively from coefficien
es of which beteng to the same interval I, as 2n + mg. As a consequence, at each lifting step, all values V(n;
nod(np, dC) £0;p =0, 1, ..., Ni}, if any, remain unmodified, while all other values V(2n + mg) (i.e., for which
longs to'aunique interval 1p) are modified according to Equation I-15:

(ziszjf s (V(PSEg p (2n+ms—(2k+1)))+V(PSEo_p(2n+ms+(2k+1)))))+ﬁs

28&s

V2 +mg) =V(2n+my) +

1.3.2

.6.2 Irreversible transformations

14-1,
d the

ither
SSO

nput

G-8.
s the
) for
2n +

-15)

This clause specifies for irreversible transformations the modifications of each lifting step s as specified in Equation G-9.
The modification of Equation G-9 ensures that each coefficient V(2n + mg) is calculated exclusively from coefficients the

indices of which belong to the same interval I, as 2n + ms. At each lifting step, all values V(np) for {npjmod(n,, dC) = 0;
p=0,1,.., N}, if any, are modified according to Equation 1-16:

V(n,) = BV (n,) (

I-16)

where By is defined in Equation G-1, while all other values V(2n + my) (i.e., for which 2n + mq belongs to a single interval
Ip) are modified according to Equation 1-17:
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V(2n+mg) =V(2n+m) + (355, asx - (V(PSEo,(2n +mg — (2k + 1)) + V(PSEy,(2n + mg + (2k + 1)))))
(1-17)

The scaling steps specified in Equations G-10 and G-11 are not modified.

Y
—  »
bt ID_FILTD_SSO X,
dC
T.801(21)_FI1.8

1.3.3

The
both
samy(]
YC,

1.3.3

SSO
bloc

Figure 1.8 — Parameters of the 1D_FILTD_SSO procedure

Selection of single sample overlap parameters (informative)

les extracted from the image tile component. The parameters relevant to the selection of thetSSO extension are
xand zy (see 1.2.2).

1 Division of image tile components into overlapping SSO blocks (informative)

belection of the SSO extension enables a low-memory block-based implementation of the wavelét.transformations,
forward and inverse: for example, the forward transformation may be applied independentlyto SSO blocks of

XC,

blocks are of width XC + 1 and height YC + 1 in the image tile component domain. The first and last row of a[SSO
are always located at multiples of YC, while the first and last column of a SSO-block are always located at mulfiples

of X[ (see Figure H.7). Two neighbouring SSO blocks overlap by either one fow of samples (vertical neighbours)} one
column of samples (horizontal neighbours), or just one sample (diagonal neighbours).
1.3.312  Selection of tile parameters (informative)
To maximize coding efficiency, the following selection of tile parameters is recommended: mod(XTsiz, XC) = ( and
mod(YTsiz, YC) = 0.
To maximize memory efficiency, the following selection, of encoding parameters is recommended: XTOsiz F zy,
YTOpiz = z,,.
1.3.4 SSO examples (informative)
1.3.4{1 lllustration in the case of the 5-3'forward reversible transformation (informative)
The first lifting step is:
Vert(2n + 1) = Vo (2 + 1) — [fextE et g i < o+ 1 <y — 1 (1-18)
Vet Cn £ 1y =V,,;2n+1) = V,,,2n+2) for2n+ 1 =i, (#1-19)
and 3 2n+1) =V,.2n+1) -V, .2n)for2n+1=1i; — 1 (1-20)
The $econd lifting step.is:
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% %
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(n+l).YC""_JI __________ B 4-"______
“ XC+ 1 g T.8-01(21)j|.9
Figure 1.9 — Position of SSO blocks
Voot 2n) = Ve (2n) + lVe’“(zn_1)+Ze’"(2n+1)+zj foriy < 2n < i; — 1 and mod("27,dC) # 0 (1-21)
Vert (21) = Vere (2) + | 222202 for 2n = i and mod( 22,4C) # 0 1-22)
Vet 1) = Ve (21) + le for 2n = i; — Land mod(2n,dC) # 0 (1-23)
and V,,;(2n) = V,,;(2n) formod(2n,dC) =0 (1-24)
1.3.412 lllustration in the case of the 5-3 forward irreversible transformation (informative)
The first lifting step is:
Voe(n+1) =V (2n+ 1) — (w) forig<2n+1<i;—1 (1-25)
Vet Cn+ 1) =V, Cn + 1)V, 2n+ 2) for2n + 1 =i, (1-26)
andV,,;2n+1) =V,.@n+ 1) -V, .2n)for2n+1=1i; — 1 -27)
The $econd lifting step is:
Vet (20) = Vi (20) + (Ve"t‘zn‘l):”e’“(z"“)) for iy < 2n < i, — 1 andmod(2n, dC) # 0 (1-28)
Vext(2n+1) .
Vext (2n) (=\Vexe (2n) + =——— for 2n = i; and mod(2n, dC) # 0 (1-29)
Vord21) =V, 2n) + w for 2n = i; — 1 and mod(2n,dC) # 0 (1-30)
and & V,,:(2n) = V,,.(2n) formod(2n,dC) = 0 (#-31)
1.3.413  Illustration in the case of the 9-7 forward irreversible transformation (informative)
The firstdifting step is:
Ve 2+ N =V Qn+ 1)+ a(V, Qn)+V,  On+2) ) foripg<2n+1<i, —1 (1-32)
Vet Cn+ 1) =V, 2n+ 1) + 2aV,,;(2n+ 2) for2n+ 1 =i, (1-33)
and Vo, 2n+ 1) = Vo Cn + 1) + 2aV,,;(2n) for2n+ 1 =i; — 1 (1-34)
The second lifting step is:
Vot (21) = Vit 1) + B(Vere2n — 1) + Ve (2n + 1)) for iy < 2n < i; — 1 and mod(2n,dC) # 0 (1-35)
Vet (2n) = V,opt 2n) + 28V, (2n + 1) for 2n = iy and mod(2n,dC) # 0 (1-36)
Vere(2n) = V,yt 2n) + 28V, (2n + 1) for 2n = i; — 1 and mod( 2n,dC) # 0 (1-37)
and V,,;(2n) = (1 + 28)V,,:(2n) for mod(2n,dC) = 0 (1-38)
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The

third lifting step is:
Vort@n+ 1) = Vot Cn + 1) + ¥(Vore 2n) + Ve @n 4+ 2) ) for ig <2n+1 < iy — 1 (1-39)
Vere Cn+ 1) =V, 2n+ 1) + 2yV,,;(2n 4+ 2) for 2n + 1 = i (1-40)
and Vo, (2n+ 1) =V, Cn + 1) + 2yV,,;,2n) for2n+1=1i; — 1 (1-41)

The fourth lifting step is:

Vot (21) = Vere 1) + 8 Vere(2n — 1) + (Vore (2n + 1)) for iy < 2n < iy — land mod( 2n, dC) # 0(1-42)

Vort 2n) = Voo 2n) + 26V, (2n + 1) for 2n = iy and mod(2n,dC) # 0 (1-43)
Vot (2n) = Vot 2n) + 26V, (2n + 1) for 2n = i; — 1 and mod( 2n,dC) # 0 (I-44)
hnd V. (2n) = <1 +2B(1+2a) + 28 (1 +2y(1+26(1 + 2a)))) V,z:(20) for mod(2n, dC) = 0 (1-45)
The gcaling steps are the same for all coefficients.
1.4 The TSSO extension
This|clause applies only if the TSSO extension is selected. The selection of the TSSO extension enables the use ofjtiles
withput any visible artifact at the boundary of tiles. The tiles shall overlap, but by one-+ow and one column only.
1.4.1 Signalling for the TSSO
The pelection of the TSSO extension is signalled in the extended COD and‘€OC markers (see clause A.2.3). Iff the
SSOPWT is used with TSSO, then only wavelet transformations (reversibleor irreversible) which use WS wavelet fjlters
(i.e.,|Filt_cat = WS) may be used.
The parameters relevant to the selection of the TSSO extension XTSiz, YTsiz are signalled in the SI1Z extended marker
segnents (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.5;1); while the parameters Hovlp and Vovlp are signalled
in the SSO parameter of the COD maker (see Table A.11 of AR:3).
1.4.2 Partitioning of the image into single-sampleoyerlapping tiles
The tile partitioning specified in Rec. ITU-T T.800 |ASO/IEC 15444-1 is identical, except for these differences.
Equgtions B-7, B-8, B-9 and B-10 from Rec. ITU-T T.800 | ISO/IEC 15444-1 shall be modified as follows:
txo(p,q) = Max(XTOsiz + p - XTsiz — (1 — Hovlp), XOsiz) (1-46)
tyo(p,q) s max(YTOsiz+ q - YTsiz — (1 — Vovlp),YOsiz) @-47)
tx(Py»q) = min(XTOsiz+ (p + 1) - XTsiz + Hovlp, Xsiz) (1-48)
ty'(p,q) = min(YTOsiz+ (q+ 1) - YTsiz + Vovlp, Ysiz) (1-49)
Tileq are of width tx1(p, @) ="tXo(p, q) = XTsiz + 1 and height ty1(p q) — tyo(p, q) = YTsiz + 1. They overlap by one cojumn
and ¢ne row as shown(in Figure 1.10 in the case of Hovlp = Vovlp = 0. The parameters Hovlp and Vovlp may have a yalue
of zdro or one.
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Figure 1.10 — Tiling of the reference grid diagram
ile parameters XTsiz and YTsiz shall satisfy the following equations:
mod( XTsiz, R, - 2V) = 0 and mod( YTsiz, R, ~2") = 0 (
e Ry and Ry are the lowest common multiples of sub-sampling factor, XRsiz! and YRsiz!.

iling offsets XTOsiz and YTOsiz shall satisfy the following equation:
mod(XTOsiz, R, - 2Vt) = 1 — Hovlp and mod{(*YTOsiz, R, - 2"t) = 1 — Volvp. (

Finally, the TSSO extension shall be used for all tile components.

1.4.3 Reconstruction of images samples from recanstructed tiles

Sincg the reconstructed tiles overlap by one row and, one column with neighbouring tiles, some image samples w
recomstructed separately in two or four different tiles. For any such sample, one shall use the following rule.

Ifag

tile tp the left if Hovlp = 0 and the sample ‘value from the tile to the right if Hovlp = 1, the sample value from the t
the tpp if Vovlp = 0 and the sample value from the tile to the bottom if Hovlp = 1.

1.5
Itis

Combining the SSO-and TSSO extensions (informative)

possible to use the SSO.extension in combination with the TSSO extension. When this occurs, the filtering proce

-50)

-51)

Il be

ample is reconstructed from more than-Onetile, then the sample used for reconstruction is the sample value from the

le to

ures

descfibed in clause 1.3 areyapplied to each overlapped tile separately. When XTsiz and YTsiz are multiples of XC and YC
respéctively, for example XC = XTsiz and YC = YTsiz, the values reconstructed at overlapping tile boundaries will not
vary|based upon thedile, so the rule described in clause 1.4.3 is redundant. When XTsiz and YTsiz are not multiples gf XC
and YC respectively, then the rule for choosing reconstructed sample values in clause 1.4.3 applies as described.

Furt

XTOpiz='zy, YTOsiz = zy.

>Fermore, to improve memory efficiency, the following selection of encoding parameters is recommended:
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Annex J

Multiple component transformations, extension

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |

fitha cadactraam re dafinad b tha Q17 o
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Tt ocotTstrearto™ CCTTCOU oy thC—OTZ T
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segment parameter Rsiz (see clause A.2.1). The DC level shifting of tile-components described in Annex G of ReC)| TU-
T T.800 | ISO/IEC 15444-1 is not performed when using any of the multiple component transformation procedures if this
annejk. Procedures exist in this annex that may be used in place of the DC level shifting described in Rec. ITU-T T.800 |
ISO/|EC 15444-1 .

J.1 Introduction to multiple component transformation concepts

This| annex specifies multiple component transformations. The most common multiple”component transformpation
application is the compression of colour images. Standard colour images (RGB) are transfarmed into a colour spacg that
is mpre conducive to spatial compression (i.e., YIQ). This technique can be extended for images that have more
components; for example, LANDSAT images have seven components, six of which-are highly correlated. It also cgn be
used|for the compression of CMYK images, multiple component medical images;and any other multiple component(data.

There are two multiple component transformation techniques presented in this annex. The first is an array-based multiple
component transformation which forms linear combinations of componenits to reduce the correlation of each compopent.
This| transformation structure permits component prediction transformations such as DPCM, and includes more
licated transformations such as the Karhunen-Loeve Transformation (KLT). These array-based transformationp can
plemented reversibly or irreversibly. The second multiple component transformation technique is a wavelet-fased
decofrelation transformation. The wavelet-based transformationmay also be implemented reversibly or irreversibly | This
annei provides a flexible mechanism to allow these technigues to be used in sequence if desired, e.g., an array-Qased
trangformation followed by a wavelet-based transformation. Furthermore, this annex provides mechanisms which gllow
components to be re-ordered and grouped into component collections.

Component collections may be formed to group, together components with similar statistical properties to improvg the
compression efficiency of a multiple component transformation. Collections may also be used to reduce the computatjonal
complexity of component transformations by splitting a large component transformation involving many components into
sevefal transformations of smaller dimension. Frequently such splitting may be done with little loss in compregsion
perfgrmance. Component collections:also allow the application of array-based and wavelet-based transformationg, on
diffefent collections, within the same)compressed codestream.

It is possible using the technigues in this annex to generate more or fewer output (reconstructed image) components|than
the number of components@ncoded in the codestream. This allows encoders to transform original image componentg into
a neyv domain and discafd,those transformed components containing little or no information prior to the creation df the
compressed codestream.” The encoder can nevertheless instruct a decoder on the proper way to regenerate an
apprpximation to.the original components given only the reduced set of codestream components. An encoder mayj also
use the multiple~xcomponent transformation processes to provide such functionality as generation of pseudo-colofur or
grayscale renditions of a multiple component image.

The fechiniques described in this annex are powerful and can serve many different uses. This annex does not presfribe
how [to-apply these techniques to a multiple component image to increase compression efficiency; neither does it desgribe
the many possible applications of these techniques. A detailed example is included in clause O.3 which attempts to
illustrate some of their flexibility. Procedures are defined in this annex which strictly control the usage of the multiple
component transformation techniques. These procedures ensure that any decoder conforming to this annex will
successfully decode properly formed codestreams that use these techniques. As with any set of powerful tools, it is quite
easy to make unintended errors, and great care should be exercised in adhering to the procedures of this annex in
application of multiple component transformations.

J.2 Overview of inverse processing

A powerful characteristic of this multiple component transformation annex lies in its ability to accommodate multiple
decorrelation techniques within the same framework and allow reconstruction using a generalized decoder.
Reconstruction in this case includes inverse decorrelation transformation (e.g., KLT, etc.), inverse dependency

112 Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

transformation (e.g., linear prediction, etc.) and inverse one-dimensional wavelet transformation. Figures J.1, J.3 and J.5
illustrate the inverse multiple component transformation processing steps needed to reconstruct image components from
the codestream. The inverse multiple component transformation consists of a series of transformation stages. Within each
stage, the set of available input components, called intermediate components, may be broken into component collections,
each of which may be transformed with a different transformation method. The remainder of this clause provides details
regarding the order of decoder actions and the locations of required information within the codestream. This clause does
not address the equations governing application of a given transformation. Instead, individual multiple component
transformations are referred to generically in this clause and are detailed in clause J.3.

Various marker segments convey the multiple component transformation information. For two of these marker segments,
the MCT and the MCC (see clauses A.3.7 and A.3.8), it is possible that the amount of data required will be larger than
the g
data within an MCT or MCC marker segment, the data is split |nto a series of two or more marker segments. It isypogsible
that @ codestream may contain multiple series of marker segments in a main or first tile-part header. The markep Segment
index (Imct or Imcc) is repeated within each marker segment in the series. The data in a series of markersegments|with
the spme marker segment index (Imct or Imcc) are grouped together. The entire series of marker segments'shall be fpund
in the same header, either the main header or the first tile-part header.

A figdld in each of the markers (Ymct or Ymcc) indicates the total number of marker segments that.are used to convel the
trangformation information associated with that particular marker segment index (Imct or Imec). A second field (Zmct or
Zmcg) indicates the placement of a particular marker segment relative to all others in the same header sharing the mprker
index. When transformation information is distributed across more than one marker segment, the parameter lists froin the
marKer segments are concatenated byte-wise in order of increasing Zmcc or Zmct. When‘such concatenation is completed,
the rpsulting stream of parameters is then treated as if it had been transmitted in asingle marker segment. The texf that
follows assumes that any such required concatenation of marker segment contents has been performed.

J.2.1 Inverse multiple component transformation (MCO_TRANSFORM)

As shown in Figure J.1, the inverse multiple component transformation is a transform that takes as its inputs the get of
spatiplly reconstructed components from the codestream created<by two-dimensional inverse wavelet transforn] and
prodlices a set of reconstructed image components. Each multiple component sample is reconstructed by applying the
procgssing steps as indicated in the codestream. The inversé.transformation process is carried out in a series of pteps
known as transformation stages. The MCO marker segment (see Annex A.3.9) applicable to the given tile conftains
information regarding each of these stages. Specificallyythe Nmco field of the MCO marker segment gives the number
of transformation stages that will be applied during inverse processing.

Procedure MCO TRANSFORM

Inverse Inverse
spatial | | \ec TRANSGN | | | MCC TRANS, | |— | |[MCC TRANS,, | {i—p| Pon-lincar
wavelet - point
transform T T transform
i i T.801(21)_Fuft
Spatial Intermediate Intermediate Reconstructed
reconstructed components, (1) components, I,(n) image
components, §n) components, R(n)

Figure J.1 — Inverse multiple component transformation processing

image component is glven by the jth spatlally reconstructed component In thls case, the tile is treated asif there were no
multiple component transformations in use. The DC level shifting of tile-components described in Annex G of Rec.
ITU-T T.800 | ISO/IEC 15444-1 is performed. The CBD marker segment, which is required with multiple component
transformations, still applies to tiles where the multiple component transformation has been turned off. In fact the CBD
marker segment applies to all tiles in an image that utilizes multiple component transformations. Since there may be
different transformations in use in different tiles, the CBD marker segment shall be constructed to accommodate the
largest bit depths found in all tiles for a given component.

When a transformation is performed, the kth Imco field of the MCO marker segment contains the index of the MCC
marker segment (see clause A.3.8) that applies for the kth stage of the inverse transformation. It is recommended, but not
required, that decoders complete all processing within a given stage of the inverse transformation before beginning the
next stage. (It is possible that an intelligent decoder might be able to determine only those processing steps required to
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produce a given set of reconstructed image components. However, completing all processing within a stage before
proceeding to the next guarantees correct decoding of the codestream.) A flowchart corresponding to the operations that
will result in the successful application of the inverse multiple component transformation is shown in Figure J.2. The
processing consists of applying the MCC_TRANS procedure for each of the transformation stages indicated in the MCO
marker segment.

MCO_TRANSFORM

v
k=0
I,=5
Ll
N
o R =1Ly Dorie
Yes
I,.,=MCC _TRANS(k, 1)
k=k+1
| T:801(21)_FJ.2
Figure J.2 — Procedure MCO_TRANSFORM
The multiple component transformation.mechanism does not place restrictions on the bit depths of the reconstriicted
image components. Furthermore, it is_possible for the number of spatially reconstructed components to differ from the
number of reconstructed image components. Therefore, when using the multiple component transformation mechamism,

a CBD marker segment (see clause)A.3.6) shall be used. This marker segment indicates the total number of output ifnage
CBD
mber
r the

icate

tiple
nder
14-1,

where it is used to |nd|cate the number of output image components and thelr bit depths

J.2.2 Multiple component transformation stage (MCC_TRANS)

Figure J.3 illustrates the processing involved in a single stage of the inverse multiple component transform. Within a
given stage, a set of one or more CC_TRANS operations is performed. The order in which these operations are performed
is unimportant; the syntax rules of the MCC marker segment guarantee that the CC_TRANS operations within a stage
can be performed in parallel.

The set of input components available to the kth transformation stage, where ke[0, 1, ... , Nmco-1], is the set of
intermediate components . The set of components output from the kth transformation stage is the set of intermediate
components I+ 1. The first set of intermediate components, lg, is defined to be the set of spatially reconstructed
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components produced by the two-dimensional inverse wavelet transform. Intermediate component set Iy contains Csiz
components, where Csiz is indicated in the SIZ marker segment. If S(n) is the n™ spatially reconstructed component, then
lg(n) = S(n), n =0, 1, ..., Csiz—1. Similarly, the set of reconstructed image components is defined to be the final set of
intermediate components. Intermediate component set Iymeo CONtains Ncbd components, where Nchd is indicated in the
CBD marker segment. If R(n) is the nth reconstructed image component, then R(n) = Inymco(N), N =0, 1, ..., Ncbd-1. The
number of intermediate components, NIy, in intermediate component set, Iy, for 0 <k < Nmco, is given by:

NI, = 1 + max[Cmcc¥ (k)] (3-1)
ij

In this expression, the Cmccli(k) are taken from the MCC marker segment corresponding to the kth transformation stage.

The max Tunction Simply Tinds te fargest Cmcc' value from the Fanstormation stage across all component colleqtions
in that stage. The variable Nlg = Csiz and Nlymee = Ncbd.

All gf the information regarding the CC_TRANS operations is conveyed in the MCC marker segment. The index df the
releant MCC marker segment for the kth stage of the inverse multiple component transformation is obtained from the
ImcgK field of the MCO marker segment. A flow diagram that results in correct decoding of the codestream is given in
Figufe J.4. (This flow diagram applies the CC_TRANS operations in the order that collections appear within the active
MCQC marker segment.)

Input Component Output
Intermediate component collection component Intermediate
components collections transforms collections components

: C((: WO :
! 0 Y L 0
1,(0) — G e N B

T (1)

L(1) ﬁ* G w, I @
1 ! k+1

12) e @@ |

7777777777777777777777777777777777777777777 > IA—+](NI,{-+1 74)
I,(NI, =3) ; CC TRANS(Omee(k) -1) —» LNl = 3)
Jk(NlA— - 2) : C()mcc . I/V(())mcc(lu 1 > 1k+l(le{+l _ 2)
) i

I

JNL~1 Qmce(k)-1 Omee(k)-1 W, (N, = 1)
I Cl T‘ Qmec(k)-1
i ot W,
: (:..?mQ \ WQmLL(A} 1 !
1
1

Lo NN ] T.801(21)_FJ.3

Figure J.3 — A singlé multiple component collection transformation (MCC_TRANS) stage

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 115


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

MCC_TRANS(k)

i=0
N
»
No_7
i < Qmcec > Done
Yes

CC TRANS(I,, i, 1, )

l

i=i+1

| T.801(21)_FJ@

Figure J.4 — Procedure MCC_TRANS

J.2.3 Transformation component collection (CC_TRANS)

The processing flow to transform a given component collectionis’illustrated in Figure J.5. The figure shows the lochtion
of reJevant MCC marker segment fields for the ith component collection within that marker segment. Each compgnent
collection within a transformation stage performs one.of’a' number of different processing steps defined in subsequent
clauges of this annex. The ith component collection-operates on a subset, I, of the input intermediate compofents
availble at the current transformation stage, k, anckit/produces some subset, 1., ;, of the output intermediate compofents
from|the current transformation stage. In the figure; Cmcci = {Cmccii}, V je[0, 1, ..., Nmccl — 1], and Wmcc! = {Wmgcli},
v jef0, 1, ..., Mmcci — 1]. For each of the component collections within the relevant MCC marker segment, the folloing
subclauses, in order, describe the processingthat occurs. (These subclauses parallel the functional blocks in Figure J.6.)

All gf the transformation methods specified in this annex make use of component collections. A component colleftion
consjsts of a list of input compafient’indices along with a list of output component indices. Component collections are
defirfed within the MCC marker segment (see clause A.3.8). The input component list of a collection specifies the prder
in which intermediate compoenents input to the stage are accessed by the transform. In particular, for the ith compgnent
collection within the kthCiransformation stage, the jth input transformation component, C}, is given by l,(Cmccll), where
0 < jlc Nmccl. Similarly, the output component list of a collection specifies which intermediate components output by the
stagq are filled bysan associated transform. Output component Wji (where 0 < j < Mmcci) from the transformatipn is

assigned to intermediate component I+ 1 (Wmccll). The indices Cmccil and Wmccil, and the numbers of input and oitput

components;Nmcct and Mmccl, all appear in an MCC marker segment. The component collection mechanism allows for
pernfutation of components at both input and output of the associated transformation.

The number of oufput components may be greater than, Tess than, or equal to the number of input components. Some
restrictions are placed on the relationship between the number of input and output components depending on the type of
transformation associated with a collection, as is described later. Also, all components appearing on the input list of a
collection shall have the same sample dimensions, as given in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-13. This
ensures that a sample from each component in the collection will be available at common locations on the reference grid
by enforcing a registration of the input components in the collection.

The transformation that operates on the ith collection is identified in the Tmcc' field of the active MCC marker segment.
Additionally, the Tmcc! field may reference arrays of transformation coefficients which are specified in MCT marker
segments (see clause A.3.7) or may identify particular wavelet kernels for use (see clause A.3.5). The Omcc field may
also be used to provide an offset in the component direction for a one-dimensional wavelet transform. In Figure J.6 and
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subsequent subclauses of this annex, Ti will refer to the transformation arrays or wavelet transform information
corresponding to the ith component collection in the current transformation stage.

CC_TRANS
Available Generated
i t tput
'mpy Transform outpu
components components
component
collection, i
Available Generated
imput . output
components Define input Apply Map output compongnts
component — component -
1 . transform . {
k collection collection Iy
f 1 f T.801(21)_FJ.5
Cmec' Xmce, Tmee, Omec’ Wmec'
Input Transform Ouput

component list information component/list

Figure J.5 — A single component collection transformationy(CC_TRANS) stage

CC_TRANS(,, i, /)

C'=DEF_INPUT CC(/,. i, Cmcc)

!

W' = APPLY TRANS(C, i, T")

|

1,,,=MAP_OUTPUT CC(W, i Wmcc')

Done

T.801(21)_FJ.6

Figure J.6 — Procedure CC_TRANS

J.2.3.1 Define input component collection (DEF_INPUT_CC)

For the current collection, i, the set Ci of input components for the transformation is formed by selecting a subset of the
available intermediate components, l. This set contains Nmcci components. The jth component, CJ‘ in the input set is
given by intermediate component I, (Cmccl), where 0 < j < Nmcci and Cmcecll €[0, 1, ..., Nl — 1]. The index k is the
transformation stage number, and the values of Nmcci and Cmccl are defined in the ith collection of the MCC marker
segment corresponding to transformation stage k. This MCC marker segment has the same index value, Imcc, as that
given for the kth transformation stage, Imcok, in the MCO marker segment.
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Itis required that the component collections comprising a transformation stage "touch™ every available input intermediate
component (i.e., the set of output intermediate components from the previous transformation stage). This means that every
intermediate component index from 0 to NI, — 1 shall be present in the input component list of at least one component
collection. If a given input intermediate component is not used in any transformation process in the current transformation
stage, then it shall appear in a null transformation (see clause J.3). As stated above, there is no general requirement that
the number of output components from the transformation process equal the number of input components. It is therefore
possible that additional components are inserted (or created) during the multiple component transformation process. This
processing step does not necessarily occur explicitly during the transformation process. It may occur implicitly through
the use of null intermediate components.

A null component is one whose output was left undefined by the previous transformation stage (i.e., the (k — 1)th stage)
in the formation of the intermediate components, Ix. This can occur when the union of all output intermediate compadnent
lists from the previous transformation stage does not include every component number between 0 and the largest’ |nput
component number, NIy — 1, of the current transformation stage. In other words, there may be gaps in therset-of opitput
intermediate component numbers from the previous transformation stage. When a null component is accessed in a given
inpuf intermediate component collection, it is treated by the transformation process as a component with values that are
identically zero. (The informative example in clause O.3 illustrates a potential use of null components.).

Whep forming a series of transformation stages that work together, care shall be taken in the generation of the outpug and
input component lists between successive transformation stages. It is not permitted for an qutput component numiger in
stagq k-1 to exceed the value NIy — 1 for the current transformation stage k.

J.2.32 Apply transformation (APPLY_TRANS)

Given the input component set Ci, which contains Nmcci components, the)'selected inverse multiple compgnent
trangformation is applied. The Xmcc field of the active MCC marker segndefit indicates the type of transformation |used
to trgnsform the ith component collection. The allowed transformations-and’their application are discussed in clausg J.3.
The [Tmcci field of the active MCC marker segment provides additional information that is required for the partitular
trangformation, such as pointers to transformation array coefficiehts)contained in an MCT marker segment (see clause
A.3.7), wavelet transform kernels contained in an ATK marker segment (see clause A.3.5), number of wavelet trangform
, and indicators of the reversibility of the transform. In>the case of the wavelet transform, the Omcc! field| also
provjdes the equivalent of a tile offset for the one-dimensional wavelet transform. Application of the transformption

The fransformation for the ith component collection produces the set of Mmcc! output components, Wi. The Wi are{then
assigned to a subset of the output intermediate components from the stage, l+1. Specifically, output component W}

(whgre 0 < j < Mmccl) from the transformation is assigned to intermediate component ly41(Wmccll). This subset df the
outpyit intermediate component is-also referred to as I, ,. The Mmcc! and Wmccll values are found in the ith compgnent

It is fequired that no outputintermediate component appear more than once in the union of all output component collection

ithin a particular MCC marker segment (i.e., Wmccl n Wmcecl = @,V i # j). This rule implies that all compgnent
tions may be transformed in parallel without danger of overwriting previously computed results. As noted anve,
the qutput companeént list may be incomplete, thus allowing the transformation stage to create null components| The
maximum outputcomponent number may not exceed Nly; — 1, the maximum input component number of the succegding
trangformatiofi stage. There is no requirement that the output component collection list be complete for the |final
trangformation stage. However, the utility of such null image components is dubious, and their use is not recommerjded.

J.3 Transformations

This clause details the mathematics involved in the application of an inverse multiple component transformation. It also
describes the location and interpretation of the remaining fields in the i component collection of the active MCC marker
segment that are required for application of the specific transformation.

For each of the transformations discussed in this clause, it is assumed that the input component collection of the
transformation, C = Ci, has already been formed. Individual components within the set are denoted as Cj, where
j=1[0,1,..,N—1], and N = Nmccl. All of the described transformations are assumed to produce a set of transformed
components, W = Wi, with members denoted by Wj, where j=1[0,1,...,M—1],and M = Mmcc'. This set of transformed

components comprises the output component collection. These two sets of components will be referred to generically as
input and output components of the transform. The equations presented in this clause are normative only in the sense that
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they describe a result that the decoder shall achieve; different implementations of these equations may exist for fully
compliant decoders.

J.3.1 Array-based transforms

Array-based transformations are those that can be described by a set of equations that are linear in the input components.
The transformation coefficients applied to the components in the following equations, as well as additive component
offsets, are referred to as arrays. These arrays are stored within the codestream in MCT marker segments (see clause
A.3.7). For array-based transformations, the Tmcc! field of ith component collection in the active MCC marker segment

contains the index of a transformation array and the index of an offset array. The Xmcc! field for the ith component
collection in the active MCC marker segment defines the type of array-based transformation to be applied (decorrelation

htion
r the
bund

type

then
mcc!

MCT

marker segment is defined.

J.3.1.1 Decorrelation transformation

The |decorrelation transformation type provides for an unconstrained.fingar combination of input components |with
additive offsets for each result. This transformation structure enables full. matrix transformations such as the KLT.

J.3.1.1.1 Irreversible decorrelation transformation

The Jrreversible decorrelation transformation consists of a matrix multiplication of the input components followdd by
application of an additive offset. The transformation is applied by using Equation J-2.

Wy = tooCo + to1Cy + tesCs + to3Cs+... +ton—1)Cn—1 + 0g
W1 =t19Co + t11Crikt1,C5 + t13C3+.. . +tyv—1)Cn-1 + 04
W2 = ty5Co + toaly+ 5,0, + tr3C3+. .. +tyy_1)Cy-1 + 0;
W3 = t30Cy 310y + t3,0; + t53C5+... +tzy_1)Cn-1 + 03

‘ (J-2)
If thg decorrelation transformation artay index provided by the Tmcc! field for this component collection is zero, theh the

coefficients tj; are given by tj; = L for i = j and tj; = O for i = j. If the decorrelation transformation array index is not gero,
thenthe referenced MCT marker-segment contains M - N elements. The coefficients tjj are stored in the marker segment

in the following order: togsto, - » togn — 1), t10 tags s i = 2)s - tM— (N = 1)-
If the offset array index provided by the Tmcc! field for this component collection is zero, then the coefficients ¢; are

given by o; = 0. If-the offset array index is not zero, then the referenced MCT marker segment contains M elements| The
coefficients ojare stored in the marker segment in the following order og, 01, ... , Om — 1.

For an irreversible decorrelation transformation, the number of input components, N, is not required to equal the number
of oytput components, M.

J.3.1.1.2 Forward irreversible decorrelation transformation (informative)

At a particular spatial location, (X, y), the M image components to be transformed are denoted by Wg, W1, ..., Wy _1. The
component dc offsets are given by 0g, 01, ..., Om— 1, and the N components that result from the transformation are denoted
by Cg, Cy, ..., Cn_1. The forward irreversible decorrelation transformation is applied by using Equation J-3.

Co = too(Wo — 00) + tor (Wy — 01) + to,(Wy — 02)+... +tom-1)Crm—1
€1 = tio(Wp — 0g) + t11(Wy — 01) + t1,(W; — 02)+... +tim-1)Cm-1
Cy = tao(Wo — 09) + to1(Wy — 01) + too(Wy — 02)+... +tom-1)Cu—1

: (-3)
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The offsets 0g, 01, ..., Op_ 1 are included in an MCT marker segment. The offset array index provided by the Tmcc! field

for this component collection should match the MCT array index. If the offsets are all equal to zero, then the Tmcc! field
for this component collection can be set to zero and the offsets do not need to be included in an MCT marker segment.

The tjj coefficients for the inverse transformation that are included in the MCT marker segment are in general not the
same as those that appear in forward transformation equation. For example, if the transformation for this component
collection is unitary, then the inverse transformation coefficients are the matrix transpose of the forward transformation
coefficients. It is the responsibility of the encoder to form correctly the inverse transformation information required by
the decoder.

J.3.1.1.3 Reversible decorrelation transform

The |reversible decorrelation transformation consists of a set of single element linear transformations follewed by
application of an additive offset. For the reversible decorrelation transformation, the number of input comporents, [N, is
requfred to equal the number of output components, M. This is true even though the number of single.element ljnear
trangformations applied in the processing is N + 1. The transformation is applied by the following set of gquations:

Let temporary variable P be defined as:

POZCO
pP=0
P, =G

P3=C3

then[form the following sequence of single element linear transformations using Equation J-4 and the given rounding
rule.

_ tiN—1—
S = X o v—1-p tuPi + w\
PTy_1_; = _l 51 J +Py_ fpt=01...,N-1 (J-4)

ti(N-1-1)

Py_11=PTy_14

Nextl compute the final single element transformation using:Equation J-5 and apply the additive offset in Equation J-6 to
form| the output intermediate components. For the reversible decorrelation transformation, the sums S;, 1 = [0, 1, ...], N],

shalllbe generated in order and the single output teri corresponding to that sum, Py _ 1 _, shall be adjusted beforg the
nextjsum is computed.

_ yN-1 vyl
Sy = Zizo tniPi +—5—

Sy
PEy_1 = sgn(tyw-1)) [— \ﬁ] + PN—l]
N(N-1)

Py_1 = PTy_, (J-5)
Wo = PO + 00
W1 = Pl + 01
W2 = P2 + 0, (‘]-6)

W3=P3+03

Figure J.7 iHustrates the computations described in Equations J-4 through J-6. Each stage of the transform adjusts exactly
one gutput component. A linear combination of the unaltered components at each stage is first formed. This partialf sum
is rotnded by a reversible rounding rule. The integer result is then added to the component that is adjusted at that $tage
(and the result is possibly negated at the last stage). These operations result in all-integer component values at each stage.
Furthermore, since only a single component value is altered by an integer addition at each stage, the transform can be
reversed simply by reversing the order of the single element transform steps. Also shown in the figure are two permutation
matrices PrJ and P which are incorporated into the structure of the reversible decorrelation transform. Here they
explicitly indicate that the SERM factorization may not produce the transformed output components in the same order as
the decorrelation matrix it is approximating. Given that the SERM factorization may not generate transformed
components in the same order as the unitary transform it approximates, an encoder may choose to rectify this situation
via the use of the output intermediate component collection index list.
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Figure J.7 — SERM implementation of reversible decorrelation/transformation

NOTE — (informative): This reversible decorrelation transform structure accommodates a reversible factorization of a unitary
ansform matrix that approximates its decorrelation properties. One such factorization technique, known as the singl
elementary reversible matrix (SERM) factorization is, described in [14]. Wnitary transforms comprise a large class of my
pmponent transforms (examples include the KLT). An informative example is given in clause O.3 based upon the tech
presented in [14].

If thg decorrelation transformation array index provided by the Ticcl field for this component collection is zero, the
coefficients tj; are given by tyy-1) = 1, tin—1-i) = 1 for i[0;"..., N - 1], and tj; = O for all other ij. If the decorrel
trangformation array index is not zero, then the referenged MCT marker segment contains (N + 1) - N elements
coefficients tj; are stored in the marker segment in the following order: tog, toy, ... , ton — 1), t10s t11, -+ s tr(N=2)s -+ tNQ)
The |coefficients are constrained to be integers.for the reversible decorrelation transformation. Furthermore
coefficients tyoy - 1) and tiy — 1 — j) for €[0, ..,5tN — 1] are constrained to be exact positive integer powers of 2,

tnov ) 1) Is constrained to have an absolute wvalue equal to an exact positive integer power of 2. This subset g

coefficients is interpreted as a set of scaling-factors for each of the partial sums that are formed. This allows real-v
coefficients to be approximated to the.nearest desired fractional bit. The restrictions on the coefficient values ensurg
the spms can be carried out, if desifed, with all-integer mathematical operations.

If th¢ offset array index provided by the Tmcci field for this component collection is zero, then the coefficients ¢
given by o; = 0. If the offsét-array index is not zero, then the reference MCT marker segment contains M elements
coefficients oj are stored-in the marker segment in the following order: og, 01, ..., Op — 1. For the reversible decorrel
trangformation, the o; are required to be integers.

J.3.41.4 Forward reversible decorrelation transformation (informative)

At aparticular spatial location, (X, y) the N image components to be transformed are denoted by Wg, W1, ... , Wn_1

=T

N x N
-row
Itiple
hique

n the
ption
The
—1)-
the
vhile
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that

j are
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by , v

J-10. The SERM implementation of a forward reversible decorrelation transformation is shown in Figure J.8.
Py =Wy — 09
Pl = Wl — 01
Pz = Wz - 02

P3:W3_03

_ yN-2 |toov-1)|
So = Xizo toiPi +—5—

So
PTy-1 = l—J + sgn( tO(N—l))PN—l
|tou-1)]
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Py_1 = PTy_4 (J-8)
= Y o1 tii P +tl(l E
P,_, =PT,_;
Co =Py
cor, 010

The
inpu
The
insu
N tin
temp

The

prov
then
marK

C’¢=P'.z

nput component values are first shifted by a dc offset. The results are assigned to temporary variables Py’ Tj

components are then transformed in a series of N + 1 steps. In each step, exactly one of the input values is alt
ransformation steps are carried out sequentially, and the temporary values, P;, are updated during gach/step and

bsequent steps. In the first step, given in Equation J-8, the last temporary value is altered. Equation<J-9 is then ap
nes, with the value of | running from 1 to N. In the lth of these steps, temporary value P is@liered. The final §
orary values becomes the output of the transformation.
X y
O— —O
O— —0O
O— —0O
O —O
O— —O
O— —O
O— —O
T.801(21)_FJ.8

Figure J.8~SERM implementation of forward reversible decorrelation transformation

bffsets 0pf 01, ... , Op — 1 are integer valued and are included in an MCT marker segment. The offset array i

ded by. th_e Tmcc field for this component collection match the MCT array index. If the offsets are all equal to
the/Tucc! field for this component collection can be set to zero and the offsets do not need to be included in an

he N
ered.
used
plied
et of

hdex

Zero,
MCT

ersegment.

The tj; coefficients for the inverse transformation that are included in the MCT marker segment are in general not the
same as those that appear in forward transformation equation. In general, it will be true that tjj in Equations J-4 and J-5 is
equal to tyy _j)j in Equations J-8 and J-9. There are some additional constraints on the coefficient values for the forward
reversible decorrelation transformation. All of the tjj are integer valued, to(y — 1) has an absolute value that is a power of
dtj_q fori=1,2, .., Nshall be an exact power of 2. The coefficients that are powers of 2 can be interpreted in

the equations as scale factors for each step in the transformation. Clause O.3 provides an informative example illustrating
a decorrelation transformation, its SERM factorization, and associated reversible implementation.
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J.3.1.2 Dependency transformation

The dependency transformation type allows for predictive transformations. Inherent in the dependency transformation is
the concept that the (j + 1)1 output component can be computed only after the jth output component is decoded. The
dependency transformation structure enables usage of prediction based DPCM-like transforms. An example of this
transformation type is given in clause O.3.

J.3.1.2.1 Irreversible dependency transformation

The irreversible dependency transformation consists of an additive offset followed by a constrained linear combination
of components. The dependency transformation is defined by the following set of equations:

‘1’0 — CO T Up
Yl = Cl + 01
YZ = CZ + 02 (]-11)
Y3 = C3 + 03

Wy =Y,
Wy =t )Wo+1;
W, =ty oWy + t, W, + Y, J-12)
Wi = t3oWy + t3, Wy + 83, W, + 15

Equdtion J-12 implies a particular structure in the irreversible dependency trafisformation array. Specifically} the
irreversible dependency transformation array shall be lower left triangular withizeros on and above the main diagpnal.
This|particular structure guarantees that the array may be processed from top to_bottom and causality will be presefved.
This|places a responsibility upon the encoder to form correctly the irreversible dependency transformation arrgy in
conjlinction with the input and output intermediate component collectiafindex lists. Figure J.9 illustrates the procegsing
stepq in the irreversible dependency transformation. The box labelled,\P(Wo, Wy, ..., Wj _ 1), in the diagram is where the

pred|ctions for the current component being decoded is formed from-previously decoded components.

+
C_ - B » W
j + kT o

P(Wo, Wiy oo s W) <
/ T.801(21)_FJ.9

Figure.J.9 — Irreversible dependency transformation

If th¢ dependency transformation array index provided by the Tmcc! field for the i component collection is zero,[then
the qoefficients tjj are given’by tj; = 0 for all i, j. If the dependency transformation array index is not zero, thep the

referenced MCT marker segment contains M - (M — 1)/2 elements. The coefficients tj; are stored in the marker segjment
in the following arder:t1o, too, t21, t30, 31, t32, -+ s M —1)0s -+ » M- )M - 2)-

If th¢ offset array index provided by the Tmcc! field for the ith component collection is zero, then the coefficients g; are
giveT by 0j=-1. If the offset array index is not zero, then the referenced MCT marker segment contains M elements| The

coefficients o; are stored in the marker segment in the following order: og, 01, ..., OM 1.

For a dependency transformation, the number of input components, N, is required to equal the number of output
components, M.
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J.3.1.2.2 Forward irreversible dependency transformation (informative)

The forward irreversible dependency transformation consists of a constrained linear combination of components and an
additive offset. At a particular spatial location, (x, y), the N image components to be transformed are denoted by W, W1,

..., Wn_1. The component dc offsets are given by 0g, 01, ..., ON — 1, and the components that result from the transformation
are denoted by Cy, Cq, ..., Cy_ 1. The forward dependency transformation is defined by the following set of equations
and illustrated in Figure J.10:

Y,

W, > - C,

J At + J

P(Wy, Wy, W) o
/ T801(21)_FJ.10
Figure J.10 — Forward irreversible dependency transformation
Co =Wy =09
Cy =Wy =0, —t,)Wo

Cy =Wy —0; — tyoWy — t21 W) (J-13)

C3 = W5 — 03 — t30Wy — t3, Wy — t3, W,

The pffsets 0g, 01, ..., Opm_ 1 are included in an MCT marker segment. The offset.array index provided by the Tmcci|field
for tmis component collection should match the MCT array index. If the offSets are all equal to zero, then the Tmccilfield
for tihis component collection can be set to zero and the offsets do not need.to be included in an MCT marker segmgnt.

The [jj coefficients for the inverse transformation that are included ifthe MCT marker segment are in general the same

as thopse that appear in forward transformation equation. In Equation J-12, all operations are additions, whereas ip the
forwprd transformation, all operations are subtractions.

J.3.4.2.3 Reversible dependency transformation

The feversible dependency transformation consists of ah additive offset followed by a constrained linear combinatipn of
components. The reversible dependency transformation is defined by the following set of equations:

YO = C0+00
Yl = C1 + 01
Y2 = C2 + 0, (]-14)
Y3 = C3 + O3
Wy =Y

t
51 = t10W0 + I%J

1

W1 = | +Y1
11141
ta2
52 = tZUWO + t21W1 + 7
S2
Wz = | +Y2
€5,

[
53 = t30W0 + t31W1 + t32W2 + l?]
S3

+Y;
_t33_

(3-15)

Equation J-15 implies a particular structure in the reversible dependency transformation array. Specifically, the reversible
dependency transformation array shall be lower left triangular with zeros above the main diagonal. The coefficients on
the main diagonal of the array (except tpg) are scaling factors that may be used to scale real-valued dependency
transformation arrays and represent them with a desired number of fractional bits. This particular structure guarantees
that the array may be processed from top to bottom and causality will be preserved. This places a responsibility upon the
encoder to properly form the reversible dependency transformation array in conjunction with the input and output
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intermediate component collection index lists. Figure J.11 illustrates the reversible dependency transformation
processing. The box labelled "R" represents a rounding rule, which has been defined as the floor function in this

Reco

mmendation | International Standard.

+ Yoy

R [ P(VV()? WI= e I/y;‘fl)

F

T.801(21)_FJ.11

If th
coef

then
segn

coefi
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cons

are gonstrained to be exact positive integer powers of 2. These restrictions ensure that the partial sums can be form
desined, with all-integer mathematical operations.

If the offset array index provided by the Tmcc! field for this componenf.collection is zero, then the coefficients
given by o; = 0. If the offset array index is not zero, then the referenced MCT marker segment contains M elements

coef
to bd

For 3
com

J.3.12.4 Forward reversible dependency transtormation (informative)

The forward reversible dependency transformation consists of a constrained linear combination of components a
addifive offset. At a particular spatial location, (X, y), the N image components to be transformed are denoted by W

W
are d
The

Figure J.11 — Reversible dependency transformation

M(M+1)

the referenced MCT marker segment contains

icients have the same interpretation as in the irreversible dependency transformiation. The additional M

rained to be integers in the reversible dependency transformation. Furthermore;.the t; coefficients for i = j and

icients oj are stored in the marker segment in the following order.)0g, 01, ..., Om— 1. These coefficients are constr
integers for the reversible dependency transformation.

reversible dependency transformation, the number of input components, N, is required to equal the number of o
onents, M.

N—1. The component dc offsets are given by og, 01, ..., On_ 1, and the components that result from the transform

Forward dependency transforpmation is defined by the following set of equations and illustrated in Figure J.12:
CO = WO - 00
t11
Sl = t10W0 + 7
S1
Clz I_J+W1_01
tll
t22
52 = tZOWO + t21W1 + 7

S2
C2=_I_J+W1_02

dependency transformation array index provided by the Tmcci field for this component collection is zero, theh the
icients tj; are given by tjj = 0 for all i # j, and tjj = 1 for i = j. If the dependency transformation array’index is not gero,

— 1 elements. The coefficients tj; areStored in the marker
ent in the following order: tyo, t11, too, to1, t22, t30, ta1, 132, 33, - s L — 1)0s -+ » L= 1M — 1)- FOr i #], the tjj

-1

icients, tjj where i = j and i > 0, are interpreted as scaling factors for the partial sums Sy. The t;; coefficients are

i>0
ed, if

j are
The
ined

itput

d an

Wi,
ation

enoted by Cg, Cy, ..., Cn_ 1. Theforward dependency transformation is defined by the following set of equations.

22
L33
S3 = t3oWo + t3 W, + t3, W, + 5

S3
C3=l_J+W3_O3
t33

The offsets og, 01, ... , Oy — 1 are integer valued and are included in an MCT marker segment. The offset array i

provided by the Tmccl field for this component collection match the MCT array index. If the offsets are all equal to zero,
then the Tmcc! field for this component collection can be set to zero and the offsets do not need to be included in an MCT
marker segment.
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The tj; coefficients for the inverse transformation that are included in the MCT marker segment are in general the same

as those that appear in forward transformation equation. There are constraints on these coefficient values, however. In
particular, all tj; are integer valued, and tjj for i =1, 2, ..., N — 1 are exact powers of 2. (There is no tyy coefficient; the

transformation equation implicitly assumes it to be equal to 1.) The t;; can be interpreted as scale factor for the steps in
the transformation.

W,

I

P W W) = R

A 4

T.801(21)_FJ.12

Figure J.12 — Forward reversible dependency transformation

J.3.2 Wavelet-based transformation

This|clause describes a wavelet-based decorrelation process. The MCC marker segment allows for the specificatiorn of a
wavglet transformation to be applied to it input component collection via the Xmcci marker patameter (see clause A[3.8).
In fact, it is possible to use wavelet-based decorrelation on one component collection and-array-based decorrelatign on
anotler within the same MCC marker segment. When wavelet-based decorrelation is‘used, an ATK marker segmen{ (see
clauge A.3.5) specifies the wavelet transformation kernel used in processing, the-Ccomponent collection. The Tjmcct
parameter in the MCC marker segment contains an index that specifies which ATK marker segment is to be used fdr the
i" cdmponent collection. The Tmcc! parameter also includes an index that goints to an MCT marker segment contajning
addifive offsets to apply to the input intermediate components after inverse.wavelet transformation processing. The IMCC
marKer segment signals the number of wavelet transformation levels in Tmccl, and a component offset Omcc! o be
employed during inverse wavelet transformation processing.

For § wavelet-based decorrelation transform, the number of inputeomponents, N = Nmccl, is required to equal the number
of oytput components, M = Mmcc'.

J.3.2.1 Inverse multi-dimensional wavelet transformation

The samples of component C; are denoted by Cj(x;'y). At each spatial location, (x, y), N + 1 two-dimensional arrays are
formed. Here, N is the number of wavelet trannsformation levels applied to the ith collection as determined from the
Tmcf! marker parameter. The arrays are denoted by an, (W 0), ay L (w, 0), ay,—yuL (W, 0), ..., agyL(w, 0). Injeach
case, thxg < u < thxy, where tbxg and thx, are determined appropriately for sub-band ay, as specified in Annex B of|Rec.
ITU4T T.800 | ISO/IEC 15444-1. Forthe purposes of this annex, it is assumed that the transformation is applicablg to a
tile-qgomponent with upper left Correr at (tcxg, tcyg) = (Omeci,0) and lower right corner at (tcxq — 1, teyy —[1) =
(Omgci + M —1, 0).

The (thxy, thxo) samples-of-€ach array, ap(u, 0), are taken from the N = M samples Cj(x, y),j = [0, 1, ..., N—1]. Thege are
in order of the arrays as given above. Specifically, let b = N LL. Then the first tbx; — tbxg = tN LLx; — tN_ | LXg
les of Cj(x, y),(1-e., j = [0, 1, ..., thxy — thxo — 1]) become the samples ap(u, 0), u = [tbxq, ..., tbxy — 1]. Similarly, let
LHL. Then ‘the next tbx; — tbxg = tN HLx; — tN HLxg samples of Cj(x, y) become the samples of ay(y, 0),

u = [tbxg, .« tbx1 — 1], and so on.
The qyarrays defined above are treated as sub-bands to be inverse wavelet transformed using the two-dimensional IDWT
as descryet T ATIER O ReE o= 800 SO C-t5444=t(wittrextensio pECTTEt TIT ATIMEXES G . The

result of this inverse transform process is the two-dimensional array 1(z, 0), where z = [Omcc!, Omcci + 1, ..., Omec! +
M — 1]. This array represents the inverse wavelet transformation of the ith component collection in the k™ transform stage.
The values of I(z, 0) are then the samples (at spatial location (X, y)) of the inverse transformed components Wj, where j =

[0, 1, ..., M- 1]. Specifically, Wj(x, z) = 1(j +Omcc, 0).

J.3.2.2 Forward multi-dimensional wavelet transformation (informative)

In what follows, we assume a specific component collection, i, to be transformed by the forward multiple component
wavelet transform. The components in this collection are denoted by Wj, j = [0, 1, ..., M — 1]. These components are

transformed to obtain a collection of components, Cj, j = [0, 1, ..., N — 1]. For the wavelet decorrelation transform, it is
required that N = M.
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The components of this collection are transformed spatial location by spatial location. This transformation process is one-
dimensional. However, it can be described using the two-dimensional wavelet transformation of Annex F of Rec.
ITU-T T.800 | ISO/IEC 15444-1 with modifications and extensions as noted in Annex H of this Recommendation |
International Standard.

The samples of component Wj are denoted as Wj(x, y). At each spatial location (x, y), a two-dimensional array is formed.
array is constructed as 1(z + Omccl, 0) = W,(x, y), where z = [0, 1, ..., M — 1]. This array is one sample high, thus it
is effectively a one-dimensional array. However, it may be treated as two-dimensional for purposes of a compact
description of the multiple component wavelet transform.

The transform procedure FDWT (from Annex F of Rec. ITU-T T.800 | ISO/IEC 15444-1 with modifications and

This

extelfSToTTS Speci et M AMmexes G andt H)y isapptietto the-array H(z, o) For this purpose, (z, o) shoutd-e-treated

tile-g
M-

Usin

aNLLJ

deco
currg

Each
| 1SQ
1,0)
valu

, N — 1], at spatial location (x,y). That is, [Co(X, ¥), C1(X, ¥), ... , Cn — 1% W¥F an,1L(thxo,0),..., ay,1.(th
ay, n(thxg, 0), ..., ay y.(thx; — 1,0),..., a;y (thx, 0),..., ary, (thx; =1,0). In each case, thxpand thx; afe the

omponent with upper left corner at (tcx, tcyg) = (Omeci, 0) and lower right corner at (tcxg — 1, teyq — 1) =(Om
1, 0).
O the notation of Rec. ITU-T T.800 | ISO/IEC 15444-1, the output of the FDWT procedure is the N} [# 1 sub-i
» ANpHLy Qv -DHLr - » Gqur (All sub-bands of the form ajeyyy and ajey 1 are empty.) Here, Ni“is the numb
mposition levels to be applied. This value would be placed in the Tmcci field for the ith component collection i
nt (i.e., kth) transformation stage.

such sub-band has samples ap(u, 0), thxg < u < tbxy with tbxg and thx; determined as inAnnex B of Rec. ITU-T 1
/IEC 15444-1. These sub-band samples are then interpreted as samples of the transfermed components, Cj, j =

s applicable to the sub-band indicated in the subscript of ap,.
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Annex K

Non-linear transformation

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 5444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |

i A ke earA } Frarker-segmen aFa Rsiz (see

Interpatten ardard—Hhe-capah 5 adestrearm—are-definedby-the arke

Thisfannex specifies three non-linear point transformations that are used after the decoding processes and inverse multiple
ption
may |be employed by encoders prior to the application of the forward multiple component transformation in order to
hinal
image data from a sensor with a linear response may apply the forward non-linear transformation.te’correct the datafsuch
that the bit allocation matches visual sensitivity.

K.1 Signalling the use of the non-linear transformations

The pse of the non-linear transformation is signalled in the Rsiz parameter (see clause A.2.1).

K.1.1  Decoded component reconstruction

The pon-linear transformations specified in this annex are "point™ transfermations. These transformations are appligd to
each[sample ("point™) in a given component. The transformations do not span components like the multiple compgnent
trangformations described in Annex J. They may be used, however, in conjunction with the multiple compgnent
trangformations. Figure K.1 shows where in the decoder's processing chain the non-linear transformation is applied.
Conyersely, on the encoder side, non-linear transformations:would be applied prior to decorrelation and dependency
trangformations and wavelet processing.

Cod Components Wavelet Spatially reconstructed
tream > > i
odestre Synthesis Components i
(R)
Decorrelation
and
dependency
transformation
D ecodetd Non-linear Reconstructed image
compongefits) ¢—— P
O transformation Components
T.801(21)_FK.1

(G40

Figure K.1 — Non-linear transformation application during decoding

The forward transformation (on encoding) transforms the original image components (Z;) into the inputs to the multiple
component transformation (Y;). The reverse transformation (on decoding) transforms the reconstructed image
components (Y;) into the fully decoded components (Z;).

K.1.2  Bit depth and interaction with the multiple component transformation

If a multiple component transformation is used in a codestream, the SIZ (see clause A.2.1) marker segment no longer
carries the number of reconstructed image components and their bit depths. Instead, the SIZ marker segment contains the
number of codestream components and their bit depths (R; components in Figure K.1). Processing of the codestream
components with the inverse decorrelation and dependency transformations may increase or decrease the number of
reconstructed image components relative to the number of codestream components. Additionally, the bit depths of the
reconstructed image components may be quite different from those of the codestream components. For these reasons, a
CBD marker segment (see clause A.3.6) is always included in the codestream whenever a multiple component
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transformation is used. The CBD marker segment contains the number of reconstructed image components and their bit
depths.

If a multiple component transformation is used in conjunction with non-linear point transformations, the CBD marker
segment placed in the codestream shall specify the number of reconstructed image components and their bit depths prior
to processing through the non-linear transformation. If no multiple component transformation is used, then the S1Z marker
segment shall indicate the number of reconstructed image components and their bit depths.

K.1

.3 Marker interpretation

Regardless of the use of the multiple component transformation, an NLT marker segment (see clause A.3.10) is placed in
the codestream whenever a non-linear transformation is used. The NLT marker segment indicates the bit depths of the

decopled components that result from the application of a non-linear transformation to a reconstructed image compo
Thoge reconstructed image components that do not undergo a non-linear transformation shall have no change-inithg
depth.

K.2 Non-linear transformation specifications

This|Recommendation | International Standard allows for the non-linear transformation to be stored in three diff]
formg. The gamma-style non-linearity form specifies the transformation through parameters*to an equation, a
specffied in clause K.2.1. The LUT-style non-linearity form specifies the transformation/by-specifying a set of log
table pairs and is specified in clause K.2.2. The Binary Complement to Sign Magnitude ‘Conversion transformation
no pgrameters, and converts the codestream-internal sample-representation from a binary complement representati
a sigh-magnitude representation. This conversion is most suitable for representing-fleating point data, see clause O.
further information and its recommended use. The transformation itself is specified in clause K.2.3.

K.2

The
tran

exponential region for large component values. The actual transformation stored within the NLT marker segme
normalized such that the maximum value of the input and output components is +1.

K.2
The

adjugted component Y; is given by Equation K-1/.An encoder using the non-linear transformation extension shall us

Yi!
tran

max{mum value of the Z; and Y; components, respectively, are +1.

In Equation K-1 S_i§ the toe-slope, T is the toe-slope threshold, E is the gamma exponent, and A and B are conti
parameters. These‘parameters are stored in the NLT marker segment in normalized form such that the maximum val
the ipput and-eutput components is +1.

Figure Ki2'shows an example forward gamma non-linearity transformation that might be used by an encoder.

part

.1  Gamma-style non-linearity

gamma-style transformation specifies the non-linear transformation using mathematical equations.
gformation is specified using two functional segments: a lineat:region for small component values, and a powe

1.1 Forward gamma-style non-linearity (encodifg, informative)

Felationship between a normalized value z of @riginal input component Z; and normalized value y’ of the gar

gomponent as input to the forward multiple component transformation, or directly to the forward wa
sformation if the multiple component.transformation is not used. Values z and y’ are normalized such thg

—(Alz|* - B)

AzF — B T
z

s
y'= sz —(3sz<3) (K-1)
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icular gamma-style transformation is from Rec. ITU-R BT.709 (HDTV).
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K.2.
Whe

component that indicates, through the NLT marker segment, that it should be processed using a gamma-style

lineq
the f
segmn
norn

The
to th
of th

Y/ of

and §hen denormalizing the Z; values, the coefficients shall be transformed as follows in Equations K-3 and K-4.

1.0 - Example gamma correction curve (Rec. ITU-R BT.709 HDTV)
5 09}
5]
g
I 0.8
S o 07| Toeslope (§)=4.5
= E. 0.6 Power function exponent (£) = 0.45
2 ost
En- :
=5 04r A=1.099
3 &2 03[ ;7 B=0.099
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0.1 Toe slope threshold (7) = 0.081
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Normalized values (z) of the original image samples (Z,) T.s0f@1y Fk.2

Figure K.2 — Example gamma-type forward non-linear transfarmation

|.2 Reverse gamma-style non-linearity (normative)

h decoding a codestream, a conforming reader shall apply the transformation specified by Equation K-2 tg

rity. These equations take a normalized value y’ value of componentY;“as input and produce a normalized valu
ily decoded Z; component as output. The bit depth of the non-narmalized Y; values is specified by the CBD m

ent, or by the SIZ marker segment if the multiple component” extension is not used. The bit depth of the
alized Z; values is specified by the BDnlt field in the NLT-marker segment.

-3
= -T<y'<T

, 1

y +B\E
(T)

parameters T, S, E, A, and B are alhcommunicated in the NLT marker segment. The transformation may be ap

b non-normalized component yalues by first scaling the coefficients of Equation K-2 to match the actual bit d

y' < =T

y >T

bit depth by directly tofan output component Z; of bit depth b, without first normalizing the Y, component v

2by~1 Y is unsigned
fy =

2Br—1 Y, is signed

any
non-
p 7 of
Arker
non-

(K-2)

blied
bpths

b Zi and Y;' components. To &cale the normalized coefficients to non-normalized form to convert an input compgnent

hlues

2bz — 1 Z;is unsigned
R K-3
fz {sz —1  Z;issigned {3
TS = fy -T
Iy
Sg=2.5
.
_Jy
AS —_ f_Z_E N A
Bs=f,-B (K-4)

The value by is taken from the SIZ or CBD marker segment as appropriate. The value b, is signalled in the BDnlt field of
the NLT marker segment. Once the coefficients have been scaled appropriately, Equation K-5 can be applied directly to
the integer image data for component Y; and produces the integer image data for component Z;.
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1
Y;|+Bs\E '
- <||_5> Y, < —Ts

As
Z; = SY—S Ty <Y/ < Ty (K-5)
, 1
Y;+Bg \E '
( lAs S) i>Ts

K.2.2  LUT-style reverse non-linearity transformation

A non-linear transfer curve can often be approximated by a piece-wise linear function. The NLT marker segment provides
a meehanism-to-speeify-sueh-a-rortnearity—Hhis-methed-sreferred-toasa—EJ-stre-rentineariy—Ffor-twe+easons.
First] from the specified information it is possible to build a look-up table to perform the transformation. Secondy|f the
number of table values specified is equal to the number of possible decoded values, then a LUT is explicitly-spec|fied.
While it is possible to approximate the gamma-style non-linearities specified in clause K.2.1, this mechanism-allows for
otheyf transformations that cannot be specified using a simple gamma function.

The LUT-style non-linearity requires that a list of table values be supplied. The maximum possible number of LUT vhlues
for altable to produce component Z; from component Y}’ is N = 2b¥, where by is the number of bits used to represerjt the

component Y; (as specified by the CBD marker if the multiple component transformation-is used, or the SIZ marker
segment (see clause A.2.3) if the multiple component transformation is not used). Zhe“minimum and maximum
normalized LUT input values are Dpip and Dmay, respectively, where normalization includes shifting and linear scpling

so thht the range of the Y;' component values is 0 to +1, regardless of whether componrent Y; is signed or unsigned.

The NLT marker specifies a total of Nygints Values, where 2 < Npgints < N. Those,values are evenly distributed acrogs the
input range of Dpjn t0 Dmay. Table value Ty (where k = 0, 1, ..., Npoits’ — 1) represents the output of the reyerse
trangformation for an input value of Dy. The Dy values are implicitly detgrmined by Dyin, Dmax, and Npoints through the
following equation:

Dy = Dpin +.kA
Npoints -1
and Dmax > Dmin (IK-G)
The pctual LUT table values are specified in a normalized, shifted form, with the range of both the input and opitput
components being 0 to +1, regardless of whetherithe components are signed or unsigned.

Valugs of the Y; input component (y’) are normalized as follows before being processed through the LUT:

——  Y/is unsigned
Cem =1 27 K-7
Ynorm = ' oby—1 (I - )
ytz? Y/ is signed
2y _1 i g

If Ydorm < Dmin, then y,5e"shall be clipped t0 Dyin. If ¥orm > Dmax: then Yuomm shall be clipped to Dpay| The
nornjalized values of the-output component Z; are then specified by the following equation:

y' -D
Znorm = b + (%k) (tk+1 - tk)

Tk
ty, =5
k= 2be_q

(K-8)

wherle k‘is.the first integer such that D, < v, 0,m < Di+1. The final non-normalized value of the output component| Z; is
specified by the following equation:

L= { Zporm * (207 — 1) Z; is unsigned (K-9)

Znorm * (202 — 1) = 20271 7, is signed
where b is the bit depth of the output component Z;j and is signalled in the BDnlt parameter of the NLT marker segment.
The parameters, Npoints, Dmin: Dmax the array of Ty values and by are signalled in the NLT marker segment. by is stored
in the NLT marker segment in the PTval field. The array of Ty values is stored in the Tvalues field.

K.2.3  Binary complement to sign-magnitude conversion transformation

If Tnlt equals 3, the data is processed by a transformation that changes the representation of negative sample values. This
type of transformation is most useful for representing ISO/IEC/IEEE 60559 floating point data in JPEG 2000 bitstreams.
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The integer sample values reconstructed from the codestream are then first converted from a binary complement to a sign-
magnitude representation using the transformation described below.

NOTE 1 — This transformation is considered to map integer values to integer values, keeping the bit depth and signed-ness of the
samples untouched. While not required by this Recommendation | Standard, the resulting bit-patterns are, however, typically
interpreted as ISO/IEC/IEEE 60559 floating point numbers by specifying a floating point sample type in the file format. This
operation is not part of the JPEG 2000 decoding process, but is a matter of interpreting the reconstructed samples correctly. It is
recommended to use the JPX file format defined in Annex M to annotate the data for proper interpretation. Further information on
how to encode floating point samples is found in clause O.6.

If the binary complement to sign-magnitude conversion transformation is used, the bit-depth of the input samples to this
transformation shall be equal to the bit-depth of the samples generated by the transformation, and the signed-ness of the

inpu

shall
equa

Let Zi be the input sample value of the component i to which this transformation is to be applied, h; its bit

(i.e.,

trangformation is defined as:

o =

q

be equal to either BDchd; if a multi-component transformation is run (see clause A.3.6, Table A.31), or shall
to Ssizi (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.11) if no such transformation is used.

b= (Ssizi AND 0x7f) +1 or bi=(BDchd; AND 0x7f) + 1, and Y; the output of the transformation. The:t

Yi=Zj ifZi>0 or

Yi= min (—Zbi'l—Zi—l, -1) if Zi<0

samples shall be equal to the signed-ness of the output samples. That is, the BDnlt value relevant to compaonent i

be

epth

the

OTE 2 — This is intentionally the identity transformation for unsigned components. However, readers should be aware that|if the
vel shifting and/or inverse decorrelation transformation of Annex G of Rec. ITU-T T:800 | ISO/IEC 15444-1 is in effeft, an

jditional DC offset will be added to the reconstructed samples. This offset might be andesirable if the intent is to represent flg
pint data. To prevent this DC offset, use mechanisms from this Recommendation | International Standard such as the my
pmponent transformation (MCC and MCO markers) from Annex J, or the Variable DC Offset described in Annex B. For s
bmponents, the transformation maps —1 to —2°1 and —2°! to —1. The mofivation for this transformation is given in clause

C 0T D

ating

Itiple
gned
.6.
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Annex L

Region of interest coding and extraction, extensions

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 | ISO/IEC
15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation | International

St dard Tha canahilits aftha cadactranm adofinad by tha C17 maarvleny cnamant naramantay Do [con planica A D 1
andare—Fhe-capabiities-of-the-codestrearmare-defined-by-the-SHZ-marker-segrment-pararmeterRsiz{see-eladse A2 1).

This[annex describes the region of interest (ROI) technology. An ROl is a part of an image that is encoded withh|gher
fideljty than the rest of the image (the background). The encoding is also done in such a way that the~informption
asso¢iated with the ROI precedes the information associated with the background. The method used (and describgd in
this @nnex) is the Scaling based method.

L.1 Decoding of ROI

The procedure specified in this clause is applied only in the case of the presence of an RGN-marker segment, see clause
A.2.5 (indicating the presence of an ROI coded with the Scaling based method).

The [procedure realigns the significant bits of ROI coefficients and backgroundcceefficients. It is defined using the
following steps:

1) Get the corresponding shape information and the scaling valug, s;"from the RGN marker segment for|each
ROI. The following steps 2-6 are applied to each coefficient (u, v) of sub-band b.

2) Generate the ROI mask {Mj(u, v)} for all ROI, see L.3-fordetails on how to generate the ROI mask.
3) For each coding block find the largest scaling value;Smax for any coefficient (u, v).
4) For each coefficient in each coding block find:the highest scaling value and set s(u, v) to:
s(u,v) = Spya=—max(s; - M;(u,v)) L-1)
where i = 0... Number of ROI-1

5) For each coefficient (u, v) discard the first s(u, v) MSBs and shift up the remaining MSBs s(u, v) places,
as described in Equation L-2, for i*=1, ..., My

_ (MSBiysqupy(b,u,v) ifi +s(u,v) < Np(w,v)
MSBi(b,w,v) = { 0 ifi + s(u,v) > Ny (u, v) L-2)
6) Update the value pf'Ng(u, v) as given in Equation L-3.
N, (u,v) = max(0,N,(u,v) — s(u,v)) L-3)

L.2 Descriptian‘of the Scaling based method

This|clause describes how to encode an image with one or more ROI. The encoding is given here as an informptive
sectipn. Howevep, failure to generate the correct ROI mask at the encoder side will greatly reduce the quality of the
decopled imagé and will not allow lossless decoding.

L.2.] Encoding with ROI (informative)

At the encoder side an ROl mask is created describing which quantized transformation coefficients are encoded with
better quality (up to lossless). The ROI mask is a bit map describing these coefficients for one ROI. See L.3 for details
on how the mask is generated.

The quantized transformation coefficients are scaled in such a manner that the relative significance of each transformation
coefficient is equal to the specified scaling value, s, of the ROI to which it applies. If a transformation coefficient belongs
to several ROI the largest s value is chosen. If a transformation coefficient belongs to the Background, the scaling value
s equals 0. Before scaling the quantized transformation coefficients of one code-block, the highest, Sypax, and lowest, Spin,

scaling value for the coding block are found.

Consider a quantized transformation coefficient, gy(u,v), in the current coding block with corresponding scaling value, s
(where Spin < s < Spax)- After scaling, the individual bits of gy(u, v) end up abs(Spax—S) bit planes lower than the
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corresponding bits of a coefficient with s = syyax. The number of magnitude bits for this coding block will hence increase
by (Smax—SMin)-

Since the coding blocks are treated independently, quantized transformation coefficients belonging to the same ROI might
end up having different levels of significance in different coding blocks. This difference between coding blocks are taken
care of by the rate allocator. An example of this would be if an entire coding block belongs to the image background and
another coding block has both ROI and background coefficients. In this case, the background coefficients in the second
coding block would be downshifted by s-0 steps whereas in the first coding block no shifting is done. In this case it is up

to the rate allocation algorithm to make sure that the bit planes from the two coding blocks are put in the bit stream in the
correct order.

Wheptheentropy-coder-encodesthetuantizec-transformation—coeffictentsthebit-planes—assoctated-withrthe RS are
codefl before or at the same time as the information associated with the background. The scaling value, s;, for each|ROI
is specified by the user/application.

The nethod can be described using the following steps for a set of n ROI:
—  For each coding block in each component:

1) Generate ROl mask for all ROl i, {M; (u, v)}, see L.3.

2)  Find spin and Spax, Where Syin and syax are the smallest and largest scaling yvalue in the current cqding

block, respectively.

3) Add Sgjock = SMax—Smin LSBs to each coefficient |qp(u, v)|. The-number M, of magnitude bit-pjanes

for sub-band, b, will then be:

My = My, + Spiock L-4)

where My, is given by Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-2, and the new value of|each

coefficient is given by:

lgp (u, v)| = g, (w, v)['=2%Btock L-5)
4)  For each coefficient in each coding blockfind the highest scaling value and set s(u, v) to:
s(u, v) = Syax = max(s; — M;(u,v)) L-6)

where i = 0... Number of ROI-1
5) Scale down all coefficients so that:

|y (u, v)| = L&) L-7)

6) For each ROI write the scaling value, s, shape, and reference points into the codestream using the
RGN marker segment as described in clause A.2.5.

L.3 Region of interest mask generation

To aphieve an ROI withCbetter quality than the rest of the image while maintaining a fair amount of compression| bits
need|to be saved by sending less information for the background. To do this an ROl mask is calculated. The mask is a
bit-plane indicating«@set of quantized transformation coefficients whose coding is sufficient in order for the receiver to
recorl\struct the.desired region with better quality than the background (up to lossless).

To ilfustrate.the concept of ROI mask generation, let us restrict ourselves to a single ROI and a single image compopent,
and identify the samples that belong to the ROI in the image domain by a binary mask, M(x, y), where:

1 wravelet coafficiant Lo 22) ic nandad

M u,v — T Waveret-coetieient \w, L) :o peaaacayey . L_8
) iO accuracy on (u, v) can be sacrified without affecting ROI )

The mask is a map of the ROI in the wavelet domain so that it has a non-zero value inside the ROl and 0 outside. In each
step, each sub-band of the mask is then updated line by line and then column by column. The mask will then indicate
which coefficients are needed at this step so that the inverse transformation will reproduce the coefficients of the previous
mask.

For example, the last step of the inverse transformation is a composition of two sub-bands into one. Then to trace this
step backwards, the coefficients of both sub-bands that are needed are found. The step before that is a composition of four
sub-bands into two. To trace this step backwards, the coefficients in the four sub-bands that are needed to give a perfect
reconstruction of the coefficients included in the mask for two sub-bands are found.
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All steps are then traced backwards to give the mask. If the coefficients corresponding to the mask are transmitted and
received, and the inverse transformation calculated on them, the desired ROI will be reconstructed with better quality

than

the rest of the image (up to lossless if the ROI coefficients were coded losslessly).

Given below are descriptions of how the expansion of the mask is acquired in the rectangular and elliptic case and also

how

this is done for the various filters. Similar methods can be used for other filters.

L.3.1 Rectangular mask generation on the reference grid

The rectangular mask described in this clause is generated on the reference grid. When generated on the reference grid
the methods described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain. A rectangle is

desc

ribed by four parameters, see Figure L.1, all signalled in the RGN marker, see clause A.2.5. The parameters are

(XAn
rectq
rectq

The

L.3.7

The

meth
by fq
XBrg
origi

The

Thus

hgle from the reference grid origin, respectively; YBrgn is the height of the rectangle; XBrgn is the widthg
ngle.

correct mask for the reference grid is given by Equation L-9.

XArgn < x < XArgn + XBrgn
YArgn <y <YArgn +YBrgn

(XArgn, YArgn)

(XArgn + XBrgn+ 1, YArgn + YBrgn — 1)
T.801(21)_FL.1

Figure L.1 — Rectangular maskepon the reference grid

Elliptic mask generation on the reference grid

lliptic mask described in this clause is generated-on the reference grid. When generated on the reference grig
ods described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain. An ellipse is desc
ur parameters, see Figure L.2, all signalled-inthe RGN marker, see clause A.2.5. The parameters are (XArgn, Y4
n, YBrgn) where XArgn and YArgn are'the x offset and y offset of the center of the ellipse from the reference
N, respectively; YBrgn is the height of the ellipse; XBrgn is the width of the ellipse.

correct mask for the reference grioNis given by Equation L-10.
YBrgn? -(x0— XArgn)? + XBrgn? - (y — YArgn)? < XBrgn? - YBrgn? (

, a coordinate on the reference grid belongs to the ROI if and only if Equation L-10 is true.

h/

I
(XArgn,: YArgn)

gn, YArgn, XBrgn, YBrgn) where XArgn and YArgn are the x offset and y offset of the upper left corner,of the

f the

L-9)

, the
[ibed
\rgn,
grid

-10)

T.804(24V EL 2
Ly

Figure L.2 — Elliptic mask on the reference grid

L.3.3 Region of Interest mask generation of whole-sample symmetric filter banks

The whole-sample symmetric filter banks are a subset of the arbitrary optional filter banks, the ROl mask generation can
be described in the same way as for the arbitrary optional filter banks, see clause L.3.4. When using whole-sample
symmetric, use the parameters defined in clause H.1.2.
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L.3.4 Region of Interest mask generation of arbitrary optional filter banks

The generation of the ROI mask follows the arbitrary decomposition of tile-components as described in Annex F.
However, instead of decomposing a tile-component, an ROl mask is decomposed. An ROl mask for the tile-component
is derived first, starting from the ROl mask defined on the reference grid. The tile-component mask for component i has
non-zero values at tile-component locations (x,y) for which the corresponding reference grid location (x - XRSiz, y -
YRSiz') belongs to the ROI and has zero values otherwise.

Instead of calculating the wavelet coefficients using the lifting steps, as described in Annex H, the lifting steps for the
inverse discrete wavelet transformation are followed in reverse order and in each lifting step the wavelet coefficients that
are used to reconstruct wavelet coefficients that correspond to non-zero samples in the ROl mask are found. For each
lifting-step-the-ROHrask-is-tpdated-se-that-all-samples-that correspend-te-wavelet-coefficients thatweuld-have-beerused
to refonstruct the wavelet coefficients that correspond to non-zero samples in the ROl mask are set to non-zerg vglues.
The ask generation shall take into account what type of filter that has been used by the transformation and alsowhpther
or nqt the SSO transformation has been used. The different cases are described below.

Thislis done by replacing Equations H-4, H-5 and H-7 by:
Let the 1D mask, to be decomposed, be Rgyt.

For each lifting step s where s ranges from O to N g — 1,

a)
if(Rey: Cn+my) == 1)
then
(Rexe(2n+ 1= mg + 20k + of £;))) = 1, forallk £)0,..., L, — 1
and
Rexe(2n+mg) =1 (-11)
where Rgy; are the samples in the ROI mask, M;(u,v) cerresponding to Ve in Equations H-4, H-5 and|H-7.
R.y: IS Reyt after lifting step s. Moreover, mg = 1 mg_; indicates whether the sth lifting step applies to
even-indexed coefficients (mg = 0) or odd-indéxed coefficients (mg = 1), and where Lg is the number of
lifting coefficients for lifting step s.
b)

Reye = eraxt (L-12)

L.3.4.1 Single sample overlap

Thislis done by replacing Equations 1-12and 1-14 by:
For each lifting step s where's ranges from O to Ny g — 1,

a)
for all n except ny,p=01,...,N;:
if (R(2n4~m,) == 1):
R'(PSEpy(2n + ms — (2k + 1))) = R (PSE, ,(2n + mg + (2k + 1))) = Lfork = 0,..., Ly — 1
for all n,,p=0,1,...,Np:
if (R(n,) == 1):

Rin,) =1 (IL-13)
where R are the samples in the ROI mask, M;(u,v) corresponding to V in Equations 1-12 and 1-14. R’ is R|after
lifting step s. Moreover, mg = 1 —mg_1 Indicates whether the sth lifting step applies to even-indexed coefficients
(ms = 0) or odd-indexed coefficients (ms = 1), and where Lg is the number of lifting coefficients for lifting step
s. Nj, p, np and PSEq p() are defined as in Annex I.

b)

R=R (L-14)

After doing this for all the lifting steps, the ROI mask samples are separated into sub-bands the same way as the wavelet
coefficients are separated in using the deinterleave procedure described in clause F.4.5 of Rec. ITU-T T.800 |
ISO/IEC 15444-1.

This ensures that each coefficient that has affected a coefficient in the ROI during the inverse wavelet transformation will
have a '1' in the corresponding place in the ROI mask
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In the case of a rectangular ROI, the mask can be derived more quickly than for arbitrary shapes. In this case, instead of
tracing how each coefficient and pixel value is reconstructed in the inverse transform, only two positions need to be
studied, namely the upper left and the lower right corners of the mask. The top-left corner, (x4, y1) on the reference grid
will be given in the RGN marker segment as XArgn, YArgn, and the bottom right corner (xo, y»), on the reference grid
will be given by the parameters in the RGN marker segment as (XArgn + XBrgn-1), (YArgn + YBrgn-1), respectively
(see clause A.3.8). The mask generation shall take into account what type of filter that has been used by the transform.
This can be combined with the single sample overlap transform.

In each level of decomposition, the steps described in the previous subclause are followed to see how the mask expands.

Let the 1D mask, to be decomposed, be Ry, and let x; and xo and be the lowest and highest indices of non-zero samples

|n Rext.

1)

For each lifting step s where s ranges from 0 to N s — 1,

a) Find the lowest sample index (2n + mg > X4) that is in the mask

x; =2n+1—mg + 20ff;

if(x; > x;):
X; =Xy

b) Find the highest sample index 2n + mg < x,

x;=2n+1—-ms;+2(Ls— 1+ of f;)

if(x, > x5):
X, = X,
X, = X1,
c) Set e
xZ = xz

(-15)

(-16)

(UL-17)

(-18)

where mg = 1 — mg_4 indicates whether the sthifting step applies to even-indexed coefficients (mg =[0) or
odd-indexed coefficients (mg = 1), and-Where L is the number of lifting coefficients for lifting sfep s.

Let gll samples between x; and x», inclusive, be non-zero and then separate the ROl mask samples into sub-bands the

samq way as the wavelet coefficients are separatediin using the deinterleave procedure described in clause F.4.5 of|Rec.
ITU{T T.800 | ISO/IEC 15444-1.

L.3.5.1 Single Sample Overlap

In edch level of decomposition, the steps described in clause L.3.4.1 are followed to see how the mask expands.

Let the 1D mask, to be decomposed, be R and let x; and x, be the lowest and highest indices of non-zero samples in R.

1)

For each lifting-step s where s ranges from 0 to N g — 1,

a) Find-the lowest sample index (2n + mg > x1) that is in the mask

ifx; = n,p=01,...,N:

xi = X1
else
x; = min(PSEy,(2n+ms — 2k +1))),k =0,..., Ly — 1 (L-19)
HYEENEVIAN
O YT~
X, =X (L-20)
b) Find the highest sample index 2n + mg < X,
ifx, =n,,p=0,1,...,N;:
X; = X,
else
x; = max(PSEy,(2n+ms + 2k + 1)),k =0,...,L; — 1 (L-21)
if(x, < x5):
Xy = X, (L-22)
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X, = X4
c) Set”t "V
X2=x2

where mg = 1 —mg_; indicates whether the sth lifting step applies to even-indexed coefficients (mg = 0)
or odd-indexed coefficients (mg = 1), and where L4 is the number of lifting coefficients for lifting step

s, and where offs is the offset for lifting step s. N, p, np and PSEq () are defined as in Annex I.

Let all samples between x; and x», inclusive, be non-zero and then separate the ROI mask samples into sub-bands the

same way as the wavelet coefficients are separated in using the deinterleave procedure described in clause F.4.5 of Rec.
ITU-T T.800 | ISO/IEC 15444-1.

L.4

L.4.] Usage together with Maxshift method described in ITU-T T.800 | ISO/IEC 15444-1

The
in th

L.4.2 Multi-component remark (informative)

For the case of colour images, the method applies separately in each colour component. If some of the colour compo
are down-sampled, the mask for the down-sampled components is created in the same wayas the mask of the non-d
sampled components.

L.4. Implementation Precision remark (informative)

This
easil
The

decofed. It might however create problems when the image is coded with ROI's in a lossless mode. Discarding
signifficant bit-planes for the background might have the result¢that the background is not coded losslessly; and i
worgt case the background may not be reconstructed at all. This depends on the dynamic range available.

138

Remarks on region of interest coding

Maxshift method described in ITU-T T.800 | ISO/IEC 15444-1 shall not be used together with the.method desc
s Recommendation | International Standard.

ROI coding method might in some cases create situations where the-dynamic range is exceeded. This is how
y solved by simply discarding the least significant bit planes that exceed the limit due to the downscaling operg
effect will be that the ROI will have better quality compared to the background, even though the entire bit stre

[ibed

hents
Dwn-

ever
tion.
m is
least
h the
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Annex M

JPX extended file format syntax

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |

ISO/IEC 15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |

Interpatienat-Standard-

M.1 File format scope

data| This format is an extension to the JP2 file format defined in Rec. ITU-T T.800 | ISO/IEC 15444-T; Annex I. While
not gll applications will use this format, many applications will find that this format meets their, needs. However, fhose
applications that do implement this file format shall implement it as described in this entire annex:

This|annex defines an optional file format that applications may choose to use to contain JPEG 2000 compressed i\;Fage

This[annex:

—  specifies a binary container for both image and metadata;

—  specifies a mechanism to indicate image properties, such as the tonescale or colourspace of the imageg;

— specifies a mechanism by which readers may recognize the existence of intellectual property rights
information in the file;

—  specifies a mechanism by which metadata (including vendorspecific information) can be included in/files
specified by this Recommendation | International Standard;

—  specifies a mechanism by which multiple codestreams can be combined into a single work, by methods
such as compositing and animation.

M.2 Introduction to JPX

As defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,(Annex I, the JP2 file format provides a method by which applications
can Interchange images files in such a way that.all conforming readers can properly interpret and display the inpage.
Howgver, some applications require extensions’to the JP2 file format that would prevent the file from being properly
interpreted by a conforming reader. For 'example, an image encoded in a CMYK colourspace will not be properly
interpreted by a conforming JP2 reader,

Placing these non-compatible extensions into a JP2 file will introduce confusion in the marketplace, as a situatior] will
existfwhere some readers can interpret some JP2 files but not others. While this confusion is inevitable when you consider
the global set of all applicatians profiles, it shall be avoided in some applications, such as on the consumer desktop.

Thug this annex defines @second file format to be used in applications that require functionality or data structures belyond
thosg defined in the JP2)file format. This file format is called JPX.

M.2JL  File identification

JPX files canzbeidentified using several mechanisms. When stored in traditional computer file systems, JPX files should
be givenitheTile extension ".jpf" (readers should allow mixed case). On Macintosh file systems, JPX files should be given
the type-code 'jpx\040'.

However, if a particular JPX file is compatible with the JP2 reader specification (as indicated by placing the code 'jp2\040'
in the compatibility list in the File Type box), then the writer of that file may choose to use the extensions for the JP2 file
format, as specified in clause 1.2.1 of the JP2 file format, for that particular file. This will maximize the interoperability
of that file without sacrificing file indication (as the BR field in the File Type box shall be 'jpx\040' for files completely
defined by this Recommendation | International Standard).

In the JP2 file format, the File Type box provides information that a file reader can use to determine if it is capable of
reading the file. This box is also present in other JPEG 2000 family file formats.

M.2.2  File organization

As in JP2 files, a JPX file represents a collection of boxes. The binary structure of a file is a contiguous sequence of boxes.
The start of the first box shall be the first byte of the file, and the last byte of the last box shall be the last byte of the file.
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Many boxes are defined by this Recommendation | International Standard. In addition, other Recommendations |
International Standards may define other boxes for use within JPX files. However, all information contained within a JPX
file shall be in the box format; byte-streams not in the box format shall not be found in the file.

The binary structure of a box in a JPX file is identical to that defined in the JP2 file format (Rec. ITU-T T.800 | ISO/IEC
15444-1, Clause 1.4).

M.2.3  Greyscale/Colour/multi-component specification

The JP2 file format allowed the colourspace of the image to be specified in two ways (Enumerated or Restricted ICC
methods). The JPX file format expands on this by:

— defining a method for vendors and other standards bodies to define additional Enumerated colourspaces
(clause M.7.3);

— defining a new method to allow the use of any input ICC profile (the Any ICC method, clause M.3.3);

— defining a new method to allow vendors to define unique codes for colourspaces withgut‘Consultation|with
a third-party (the Vendor Colour method, clause M.11.7.3);

— allowing the use of extensions of the multiple component transformation and non-=linearity transformption
extensions within the codestream (see Annexes J and K).

M.2}4  Specification of opacity information

The JPX file format specifies two extensions for specifying opacity information; First, the file format allows for oppcity
chanpels to be stored in a separate codestream from the colour channels of the intage. In many image editing applications,
the dolour data and the opacity data are edited separately, and thus it is useful to allow those channels to be storgd in
sepafate codestreams. This is described in the compositing layer architeeture description in clause M.5.

Secondly, the JPX file format allows for the specification of fully ttansparent samples through a chroma-key. The file
formiat specifies an array of sample values, one from each colour channel. Image locations that contain that combingtion
of sgmple values shall be considered fully transparent. For example, the chroma-key may be specified as red ={134,
green = 92 and blue = 47. Any location with this combination-of red, green and blue sample values shall be considered
fullyltransparent. This is defined in the specification of the-Opacity box in clause M.11.7.6.

M.25  Metadata

In addition to specifying how the image data shall be stored, this Recommendation | International Standard defings, in
Anngx M, a number of metadata elements."These elements specify information such as how the image was crepated,
captured or digitized, or how the image“has been edited since it was originally created. This Recommendafion |
Interpational Standard also includes the.ability to specify intellectual property rights information, as well as the coptent
of the image, such as the names of the‘people and places in the image.

In addition to the metadata defined within this Recommendation | International Standard, other forms of XML-Rased
metadata and descriptions may.be embedded in a JPX file within XML boxes, such as those defined in Annex N.

Furthlermore, the MPEG-Tbinary box (as defined in clause M.11.19) may be used to store MPEG-7 binary (BiM) format metgdata.

M.2. Storage 0f a codestream within JPX

In JH2, the entire)codestream is required to be stored in a contiguous portion of the file. However, this restriction can be
probjematic_for some applications. Image editing applications, for example, may desire to modify a single tile of the
imade and to write the modified tile to the end of the file without rewriting the file. Image servers or internet applications
may [desire to split the image up into multiple files on different disks or spread the codestream across the internet{ The
JPX file format allows these features by allowing the codestream to be divided into fragments. The fragmentation of
codestreams is described in clause M.4.

The JPX file format also allows for multiple codestreams to be encapsulated within one or more Multiple Codestream
boxes, which contains indexing information to facilitate efficient retrieval of specific codestreams of interest, by rendering
and applications.

M.2.7  Combining multiple codestreams

In addition to specifying the rendered result as a result of decompressing a single codestream and properly interpreting
the colourspace of that codestream as specified in the JP2 file format, the JPX file format allows for multiple codestreams
to be combined to produce the rendered result. These codestreams can be combined in a combination of two ways:
compositing and animation. This is further described in clause M.5.
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M.2.8  Support for various pixel formats

In Rec. ITU-T 800 | ISO/IEC 15444-1, channel values consisting of reconstructed image samples or palette entries were
always interpreted as signed or unsigned integers. The JPX Recommendation | International Standard extends this by also
allowing the representation of fixed point or floating point data. To this end, it introduces the Pixel Format Box
(see clause M.11.7.8) which defines how the values comprised of reconstructed image data or palette entries are to be
interpreted as numerical values. The understanding in Rec. ITU-T T.800 | ISO/IEC 15444-1 is that the codestream data
encodes and the palette contains signed or unsigned integer values, but this convention no longer holds in the presence of
a Pixel Format Box. If this box is present, the integer channel values are re-interpreted in two stages: In the first stage,
the integer values reconstructed from the codestream are represented as bit-patterns encoding integers in binary two's
complement notation. In the second stage, these bit patterns are re-interpreted as either integers, ISO/IEC/IEEE 60559
floatjng point data or Tixed poInt data. ONly alter this Iterpretation, te samples are considered to define colour. vhlues
relat{ve to a colourspace.

NOTE - For most computer architectures, the first conversion stage is transparent and requires no additional operation, arld the
second stage is usually realized as "casting™ operation to the target type.

A ngn-integer pixel format is specified as follows: The desired sample format is encoded in a Pixel>Format box] (see
clauge M.11.7.8) which is a sub-box of the Compositing Layer Header box or the JP2 Header boX:The total number of
bits ffequired to represent samples in the requested format replaces the channel depth informatier’of integer formatd. For
exanple, ISO/IEC/IEEE 60559 single precision floating point numbers require 32 bits for their representation; hende the
chanpel depth will be 32. This information is either recorded in the Image Header box (seelclause M.11.5.1) if the channel
depti is identical for all channels, or in the Bits Per Component box (see clause M.11.5:2) if the channel depth differs
acrogs channels. Furthermore, if the channel data is created indirectly through a palette; the channel depth generatgd by
the palette lookup process is indicated in the B' field of the Palette box (see 1.5.3.4 of Rec. ITU-T T.800 | ISO/IEC 19444-
1) which then carries the relevant information for further sample interpretation:

The jnformation on the total number of bits is augmented by informatior from the Pixel Format box if it is present. In
addition to the numerical representation of the samples in the channél/it"also refines the format by splitting the|total
number of bits of a sample into integer and fractional, or exponent and:fmantissa bits. For fixed point data, the Pixel Fqrmat
box |ndicates the number of fractional bits, i.e., the number of bits.right of the (binary) point, for floating point data it
indidates the mantissa bits of the floating point format, not ineldding any implicit (hidden) bits. The number of infeger
(nontfractional) or exponent bits can then be derived from the total number of bits per sample and the fractiongl or
mantissa bits. Further information on floating point numpgrencodings are found in ISO/IEC/IEEE 60559.

Fixefl point and floating point samples are mapped-to device colours by means of the Colour Specification| box
(see plause M.11.7.2) in the same way as integer samples are mapped to device colours. For that, the Channel Defirfition
box (see clause M.11.7.5) defines which channels-are used to generate which device colours. This process differs for[non-
integer samples from integer samples only in 50 far as the maximum intensity of the device colour is no longer represgnted
by the maximum possible integer channel vallue, but as the value 1.0 expressed in the corresponding fixed point or flopting
poin{ format. The handling of sample.values outside of this range is implementation specific. For further informatign on
the mapping from channel values t0 device colours, read clause M.11.7.2.

M.2, Support for JPEGXR codestreams

This|[Recommendation | Mnternational Standard also allows the encapsulation of codestreams of other image compregsion
Recgmmendations | Standards, such as JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2); the JPX file formaj can
reprgsent all metadata-eéncoded in the TIFF-based file format of JPEG XR in boxes defined in this Recommendation |
Interhational Standard. A recommendation of how the JPEG XR TIFF-based container should be mapped into thel JPX
file format is found in clause O.5.

The [File(Type Box of a Rec. ITU-T 802 | ISO/IEC 15444-2 file containing a Rec. ITU-T T.832 | ISO/IEC 29199-2
compliant ‘codestream shall have the following values in the compatibility list CL! (see Rec. ITU-T T.800 | ISO/YIEC
2 Clause M this Recomme i atiomatS T IPEGXR TAMs are

present in the file:
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Table M.1bis — Brand Values for JPEG XR Codestreams

Value Meaning

"jxrc' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream is present

jxr0' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) sub-baseline profile bitstream present

and the file conforms to the JPEG XR sub-baseline profile defined in clause M.9.2.

jxrl’ JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) baseline profile bitstream present
the file conforms to the JPEG XR baseline profile defined in clause M.9.2.

and

jxr2' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) main profile bitstream present and
file conforms to the JPEG XR main profile defined in clause M.9.2.

the

IXr3d’ JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-3) advanced profile bitstream and the
conforms to the JPEG XR advanced profile defined in clause M.9.2.

file

NO

profiles are defined in clause M.9.2.

'E — Brand values 'jxr0' to 'jxr3' indicate JPEG XR profiles of this Recommendation | International Standard. The correspon
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Greyscale/Colour/Palette/multi-component specification architecture

JPX file format builds on the flexible colour architecture defined in the JP2 file format, Colourspace specificg
becified within Colour Specification boxes, as originally defined in JP2. However, JPX.extends this box (withi
y structure limitations defined in JP2) to allow other methods to be used to specify the colourspace, and to all
r to select from the different colourspace specifications found in a single file when)interpreting an image.

1  Extensions to the Colour Specification box header

2, the APPROX and PREC fields were reserved for future use; JP2 writers are required to write default values

image may contain an enumerated value, a complex ICC profile, and a Restricted ICC profile. These mu
ods are included to maximize interoperability as well as tq provide optimized access. In this example, the enume

allows quick recognition, the complex ICC profile allows accurate interpretation using a full ICC engine, an
icted ICC profiles allows less complex readers to get:a‘"good enough” result. Specifically, the Restricted ICC p
is example is an approximation of the complex (€C profile. This approximation is specified within the C
ification box, and allows a reader to make trade=offs when interpreting the image.

Colour Specification box also allows the-writer to associate a precedence with each method. This inform
fies a default priority in which the muftiple colourspace specifications should be considered when selecting
fication will be used to interpret the.decompressed code values.

ever, the use of both the approximation and precedence information is beyond the scope of this Recommenda
hational Standard. Applications/are free to consider both pieces of information together and to define their
ities for selecting which.-colourspace method to use when interpreting the image. For example, in a fast-pre

se the more complex profile.
P Extensions.te the Enumerated method
hationakStandard defines a mechanism by which vendors or other standards bodies can register additional valug

numCsSfield in the Enumerated Method. In general, there are no implementation requirements for these addit
ed-or registered colourspaces. Requirements for interpretation of specific spaces are defined within thg

fields. In JPX, these fields are defined and can be used by a JPX reader to make intelligent processing choiceg

tions
h the
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th JP2 and JPX, a single file may contain multiple representations of the colourspace of the image. For example, a
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b, Where speed is more-important then quality, an application may desire to use the Restricted ICC profile even if it

IPX format\defines enumerated values for several additional colourspaces. In addition, this Recommendation |

s for
onal
file

confi

R IT
JTTTIArNcC UucTTimimirutt.

In addition, the data structures for the enumerated method have been extended to allow for the specification of parameters
that define exactly how that particular colourspace was encoded in the file. For example, the CIELab colourspace, as defined
by Rec. ITU-T T.42 specifies six parameters that specify the exact encoding range and offsets of the stored data. To properly
interpret a CIELab image, the decoder is required to know this information and apply those parameters to the decoded image
data. Enumerated parameters are specified individually for each enumerated colourspace that requires parameters. However,
many colourspaces do not require additional parameters, and thus additional parameters are not defined for those
colourspaces. For colourspaces that do specify additional parameters, default values may be defined (as for example are done
for the definitions of CIELab and CIEJab). If the entire block of additional parameters are not contained within the Colour
Specification box, then the default values shall be used; however, if any additional parameter is specified for a particular

Colo
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ur specification box, then all additional parameters shall be specified for that Colour Specification box.
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M.3.3  Any ICC method

In the JP2 file format, the Restricted ICC method was defined, allowing images to be encoded in a wide range of RGB
and greyscale spaces. However, many colourspaces, such as CMYK and CIELab spaces, cannot be represented using the
restricted set of ICC profiles allowed by the Restricted ICC method. JPX lifts this restriction by defining a separate method
to allow any legal ICC input profile to be embedded in the file. This is a separate colour method than the Restricted ICC
method, which is also legal in a JPX file. Applications shall not use the Restricted ICC METH value for embedding non-
Restricted ICC profiles.

M.3.4  Vendor Colour method

While this Recommendation | International Standard defines a method by which new colourspaces can be registered, the
regigtration method is not appropriate for use for defining codes for vendor-specific or private colourspaces. To aloyv the
quick identification of these colourspaces, the JPX standard defines an additional colourspace specification mettiod, called
the \Yendor Colour method. This method is very similar to the Enumerated method, except that instead ofrusing 4tbyte
integer codes, the Vendor Colour method uses universal unique identifiers (UUIDs). These UUID valués are generated
by application developers when the definition of a particular colourspace is created.

It is Jegal to specify a Vendor Colour value in every JPX file. However, no reader is required to.correctly interprgt the
image based solely on the Vendor Colour method. If an image writer desires to maximize interoperability outside the
scopg of the target application, it should use additional colour methods in the file (such as(the Any ICC and Restrjicted
ICC folour methods).

M.3b  Palettized colour

Palefte box, which specifies the transformation from one to many components. The many components generated bl the

Palel:ized colour is specified and works exactly as defined in the JP2 file forpiat. A palettized image would conthin a
palefte are then interpreted by the rest of the colour architecture as if they<had been stored directly in the codestrean.

M.36  Using multiple methods

The PPX file format allows for multiple methods to be embedded in a single file (as in the JP2 file format) and allows
otherf standards to define extensions to the enumerated method“and to define extended methods. This provides reqders
confprming to those extensions a choice as to what image_ptocessing path should be used to interpret the colourspafe of
the ifnage.

If the file is to be JP2 compliant, the first method, found in the file (in the first colourspace specification box in th¢ JP2
Header box) shall be one of the methods as defined and restricted in the JP2 file format. However, a conforming|JPX
readér may use any method found in the file.

M.3J7  Interactions with the decorrelating multiple component transformation

The ppecification of colour within the\JPX file format is independent of the use of a multiple component transformption
or n@n-linearity correction within the codestream (the MCT, MCC, MCO and NLT markers specified in clauses A.3.7,
A.3.8, A.3.9 and A.3.10, respectively). The colourspace transformations specified through the sequence of Cplour
Spedjification boxes shall hé-applied to the image samples after the reverse multiple component transformation and reyerse
non-|inearity correctionChas been applied to the decompressed samples. While the application of these decorrelpting
component transformations is separate, the application of an encoder-based multiple component transformation will pften
imprpve the compression of colour image data.

M.4 Fragmenting the codestream between one or more files

her-important feature of the JPX file format is the ability to fragment a single codestream within a single file or

— edit an image, resaving the changed tiles to the end of the file;
—  distribute the image across several disks for faster access;

—  distribute the image across the internet, allowing only certain customers access to the high quality or high
resolution portions of the codestream;

—  reuse of headers from within a codestream across multiple codestreams (to minimize file overhead when
storing similar codestreams within the same JPX file).

Fragmentation in JPX works by specifying a table of pointers to the individual fragments. Each pointer specifies three
things:
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—  The file in which the fragment is contained. Because multiple fragments across multiple codestreams may
be stored in the same file, the format encapsulates all filename/URL data into a table (the Data Reference
box). Each fragment specification then references an entry in the data reference table.

—  The offset of the first byte of the fragment within the file specified. This offset is with respect to the first
byte of the file (byte 0) and points directly to the first byte of codestream data for that fragment; it does
not point to the start of a box containing that fragment.

—  The length of the fragment, in bytes.

While the fragment offset does not point to the start of the box, any codestream data contained within a JPX file shall be

encapsulated in a box. If a codestream

withi
Frag
frag

Figu
fragn
exist

In th
show
with
The
frag
of th
that

is contained within t

he JPX

file in contiguous form, then it shall be encapsulated
ormataht— ™ —the-fHe—<ha ret-alse—eontain a

e M.1 shows how a fragment table is used to specify a complete codestream in an example JPX file wh
nents are stored within the file itself. Because the data reference table was empty (no external references), it ma
in the JPX file. Boxes other than the fragment related boxes are not explicitly shown.

y not

the portion of the contents of that Media Data box that represents the fragment. Two of those fragments are contgi
n the same Media Data box. For each fragment, the fragment list specifies the offset-antthe length of each frag
bffset values point to the first byte of the codestream data, relative to the beginning\of the file. For example, thq first
nent is at the start of the contents of a Media Data box. The offset to that fragment’is to the first byte of the contents
e hoX, not to the start of the box header. The length values specify the length only of the actual codestream dafa for
ragment.

JPX file

Media data Media data Media data | Fragment table

4 A A A '

Toe
and
spec
Figu
the f

Offset/length

Fragment table

4

Fragment list

T.801(21)_FM

=

Figure M.1 —-Example fragmented JPX file where all fragments are in the same file

tract the complete codestream from the file, an application locates the fragment table for that codestream in thq file,
hen parses the offsets and lengths from the fragment list. The application could then simply seek to the locations
fied by the offsets and read the amount of data specified by the length.

e M.2 shows 'how a fragment table is used to specify a complete codestream in an example JPX file when soe of
agments.are stored outside the file. In this case, the file shall contain a Data Reference box.
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JPX file
Media data ‘ | Media data | | Media data Data reference | Fragment table
h A A ’
l
/ 1
———— e — - I
Offset/length =T /
s ¥
Data reference table 7 ! J ! ! ! ! !
3 ) \ \ Fragment list
Fragment table

URI
A v v ; -\
File X File Y |

Internet >

T.801(21)_FM.2

Figure M.2 — Example fragmented JPX file where some fragments are stored in other files or resources

In thjs example, two of the fragments are stored in separate but{Jocally accessible files, and one of the fragments is sjored
acrogs the internet.

M.5 Combining multiple codestreams

In the simplest JPX file, a rendered result is generated by decompressing a single codestream to one or more ifage
chanpels and properly interpreting them in-the-context of the associated colourspace specification and optional oppcity
specffication. This mode of operation is“identical to that offered by JP2 except that JPX offers a wider range of
cologirspaces and specification methods, In addition to this, JPX offers a rich set of methods for combining muftiple
codeptreams to form the rendered result.

In a JPX file it is possible to store-multiple JP2 style "images." In the context of a single JPX file, these separate images
are rgferred to as compositing-layers. Each compositing layer comprises a set of channels that an application shouldjtreat
as a pinit for the purpose-of.rendering. The JPX file format includes syntax for specifying how the compositing laygrs in
a filg should be comhined’by the reader application to produce the rendered result. Both simple still image compoditing
and animation are sUpported.

For gxample, onéjlayer may be a simple RGBA codestream. Another layer may consist of R, G and B channels genefated
by the application of a palette to one component from codestream 1, and an opacity channel directly extracted ffrom
codeptreamy2.

: This,
for example, allows the separatlon of RGB components from an opacity channel component This would permit a single
opacity channel to be reused in other compositing layers in the JPX file. The file format also includes syntax for specifying
how codestreams are combined to form compositing layers including how the codestreams should be spatially registered
against each other.

In a JPX file, metadata can be associated with codestreams and compositing layers independently. Metadata may be
shared between multiple codestreams.

M.5.1  Mapping codestreams to compositing layers

To facilitate the mapping of multiple codestreams to single compositing layers, the JPX format separates header fields
defined for JP2 into two logical groups: those specific to a single codestream are grouped into a Codestream Header box
(M.11.6) and those specific to a compositing layer are grouped into a Compositing Layer Header box (M.11.7). The
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process of mapping codestream components to channels is exemplified in Figure M.3. Multiple codestreams are combined
via a Codestream Registration box (M.11.7.7) to provide the complete set of components for a compositing layer. A
Component Mapping box (Rec. ITU-T T.800 | ISO/IEC 15444-1, clause 1.5.3.5) in the Codestream Header box is used to
specify how the components of any given codestream are mapped to channels. Interpretation of these channels is specified
in the Compositing Layer Header box either using a Channel Definition box (M.11.7.5) or an Opacity box (M.11.7.6).
The Opacity box is a new option in the JPX file format that provides an additional method for specifying compositing
layers with simple compositing or that use chroma-key opacity.

JPX file [ Codestream \ ( Component \ / Channel definition \
registration mapping
o |
b »R
[ 0 5 I
I:vodestream[O] > /—\ > > Palette P> 1 »G > Colour specification
1 o lep
N 3 - L
Codestream[1] > > » A ---+ Auxiliary specification
o | \_/
N N AN /
T.801(21) JFM.3
Components Channels

Figure M.3 — Example combination of two codestreams into asingle compositing layer

M.5]1.1 Establishing a sequence order for compositing layers

A sefluence order for compositing layers is required for any subsequent rendering or animation of the file. In the simplest
case [there are no Codestream Registration boxes in the file. In thisigase, which includes the case where all of the hegders
are gresent as global defaults, codestreams map directly to compesiting layers and the compositing layer sequence prder
is given by the sequence order of the codestreams in the file.

If a Component Registration box is present in any Compasiting Layer Header box, then there shall be one Compoditing
layen header box for every Compositing Layer in the_ file; each containing at least one Component Registration bgx. In
this ¢ase, the order of compositing layers is given bythe sequence order of compositing layer header boxes in the fije.

M.5f1.2 Establishing an order for channels(n a compositing layer

Where multiple codestreams are combineditds necessary to establish a sequence order over the combined set of channels
genefated from them. This sequence_order is required so that specific channel numbers can be associated with channel
defirlitions when using a Channel Definition box.

Channel ordering is zero based and performed independently for each compositing layer present in the file. The first n
chanpels (numbered 0 through_to n — 1) within the scope of a particular compositing layer are contributed by chapnels
defirfed by the first Codestream Header box referenced in the layer's Component Registration box (where we assumg this
codeptream generates/nchannels), the next m by the next codestream referenced in the layer's Component Registrption
box,|and so on. Within each codestream, channel ordering is determined by the order of entries in the codestrgam'’s
Component Mapping box, or by the order of components in the codestream if no Component Mapping box is preseft.

M.5]1.3 Establishing a sequence order for codestreams

A sefjuence order for codestreams is required for the subsequent ordering of compositing layers and in particular fgr the

case where one or more compaositing-lavers comprises-maore than-one-codestream
L pv) P4 L

Codestreams are assigned a sequence order equal to their position in the file, starting with zero. In the case where a
Fragment Table box is used, the Fragment Table box is considered equivalent to a Contiguous Codestream box for the
purpose of establishing a codestream sequence order for the referenced codestream.

M.5.2  Sharing header and metadata information between codestreams and compositing layers

To minimize file overhead, it is useful to allow header and metadata information to be shared between codestreams and
compositing layers where that information is identical. The JPX file format provides four mechanisms to share
information: default headers, compositing layer extensions, cross-references and label associations.
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M.5.2.1 Default headers and metadata

When a JP2 Header box is found in a JPX file, the header information in that box shall be used as global default header
information for all codestreams and compositing layers within the file. If a Codestream Header box includes boxes that
also appear in the JP2 Header box, then these headers shall override the global headers for that specific codestream. If a
Codestream Header box contains other boxes that do not appear in the global JP2 Header box, then these boxes shall
augment the global header information for that specific codestream. Similarly, if a Compositing Layer Header box
includes boxes that appear in the JP2 Header box, then these shall override the global headers for that specific compositing
layer. If a Compositing Layer Header box contains other boxes that do not appear in the global JP2 Header box, then
these boxes shall augment the global header information for that specific compositing layer.

eam

A Cqdestream Header box or Compositing Layer Header box may also contain a cross-reference'to-a box stored in anpther
locatjion. This cross-reference is very similar to the Fragment Table box used to specify, the location of a fragmented
codeptream. In fact, a Cross-Reference box uses the same data structures as the Fragment Table box, with the additipn of
a field to specify the type of box being referenced. If a Codestream Header box or Compositing Layer Header box corftains
a Crgss-Reference box, the reader shall consider the box pointed to by the referencelas it it had been physically contgined
withjthe header. Cross-Reference boxes may be used equally for header and metadata.

M.5.3 Labelling and association

The JAssociation box may be used to share a label (or other metadata) hetween codestreams and compositing layefs by
the ipclusion of a Number List box within the Association box. A Number List box refers, by number, to a set of enfities
in the file. If the first box within an Association box is a Number List box, then any other boxes within the Associption
box Will be associated with all of the entities referred to by theqNumber List box.

M.5R.4 Compositing layer extensions

The [Compositing Layer Extensions box can be used“to specify a repeating pattern of compositing layer headerg and
(optipnally) codestream headers.

A file which contains a Compositing Layer Extensions boxes can be meaningfully interpreted by readers which dp not
understand the Compositing Layer Extensions box, because all top-level Codestream Header boxes and Compogiting
Laygr Header boxes shall precede any Compositing Layer Extensions box and all compositing instructions found within
a Compositions box shall refer only.to:top-level compositing layers. The Compositing Layer Extensions box may bejused
only(when there are a well-defined-number of top-level codestream headers and top-level compositing layers, which
meaips that at least one Codestream Header box and at least one Compositing Layer Header box shall appear at thg top-
levell of the file.

A Cpmpositing Layer. Extensions box defines one or more additional compositing layers, zero or more additjonal
codeptream headers-and’zero or more additional compositing instructions, to augment the information provided by top-
level| Codestreamsileader, Compositing Layer Header and Composition boxes.

EacH Compasiting Layer Extensions box has an associated repetition factor Mjclx. The Compositing Layer Extengions
box Implicitly-defines Mjclx - Cjclx additional codestream headers and Mjclx - Ljclx additional compositing layers, wWhere
Cijclx and“Ljclx are the number of Codestream Header boxes and the number of Compositing Layer Header boxeg that
are faund within the (‘nmlnnciring Layer Extensions hax_The additional codestream headers and r‘nmlnnciting Iaynrq are
assigned consecutive indices, starting from the number of codestream headers and compositing layers defined by all top-
level Codestream Header boxes and Compositing Layer Header boxes, together with all preceding Compositing Layer
Extensions boxes. The codestreams that are associated with the additional compositing layers are determined from the
information found in each embedded Compositing Layer Header box, using a codestream index remapping procedure
that accounts for the repetition index. A similar remapping procedure is applied to the Number List boxes which may be
found within a Compositing Layer Extensions box, so that embedded metadata is correctly associated.

The principal purpose of Compositing Layer Extensions is to facilitate the efficient description of a large number of
compositing layers that follow a simple repeating pattern. This can be particularly beneficial if the JPX file is
communicated incrementally via the tools and methods described in Rec. ITU-T T.808 | ISO/IEC 15444-9.

Compositing Layer Extensions also provide a mechanism for extending the single animation described by a Compositions
box into multiple alternate presentation threads — see clause M.5.3.
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M.5.3  Composition

Composition data is divided into fixed options, contained in the Composition Options box (clause M.11.10.1), and a
sequence of instructions contained in one or more Instruction Set boxes (clause M.11.10.2) boxes. Instructions may be
further divided into those which appear within a top-level Composition box and those which appear within Compositing
Layer Extensions box. The former constitutes the primary presentation, while the latter constitutes supplementary
presentation threads.

Each instruction comprises a set of render parameters. Each instruction set has an associated repeat count which allows
for the efficient representation of long sequences of repeating instructions such as occur in full motion sequences or in
slide shows which use a repeated frame transition animation. A JPX file reader shall display a JPX file by reading and
exec n‘ing the instructions in sequence arder from each instruction set in sequence order and rpppnfpd m‘rnrding o its
repegt value. The file is considered fully rendered either when there are no more instructions to execute, or no compegiting
layer is present for the current instruction.

Instrlictions found within the top-level Composition box are applied only to top-level compositing .layers |(i.e.,
compositing layers other than those defined by Compositing Layer Extensions boxes). Instructionsfound within a
Compositing Layer Extensions box apply only to the compositing layers defined by that box.

M.5B.1 Composition rendering

The gomposition data defines the width and height of a render area into which the compositing layers are to be rendered.
The gize of the render area is the size of the rendered result and can be thought of as the‘overall image size. Parameters
in each render instruction may specify:

— arectangular region to crop from the source compositing layer;

—  the location to place the top left corner of the (possibly cropped) compositing layer with respect to the top
left corner of the render area;

— the width and height of the region within the render area-into which the (possibly cropped) compogiting
layer is to be rendered.

For gxample, in a composite image using an RGBA colour space'for all compositing layers, the current compositing Jayer
(R, Bt, By, Ay is ideally rendered over the background (Ry,, G, By, Ap) to form the composed image (R¢, G, Bd Ac)
accofding to the following equations:

Ac=1+1-A4) - (1-4)
Ay

S _AC
(-4 -4
=
R, = sR, + tR,
G, = sG, + tG,
B. = sB, + tB, (M-1)

In the case where the bottem.sample is fully opaque, this simplifies to:

R = ARy + (1 — AR,
Ge = AtGe + (1= AGy
B, =AB,+(1—-A)B, (M-2)

t

Howgever, thexabove equations require access to the background pixel, and for a variety of reasons, individual applications
may |not’be willing or able to support such a rendering process. It is possible to emulate continuous alpha blending feven
in these.cases by thresholding or dithering the provided alpha channel in order to generate a set of completely transpprent
or completely opaque pixels which can be rendered using simple pixel replacement over an unknown background.
Specification of such methods is however outside the scope of this Recommendation | International Standard.

M.5.3.2 Animation model

In addition to the basic cropping and positioning parameters, each render instruction may include LIFE, PERSIST and
NEXT-USE parameters. The LIFE parameter assigns a temporal duration to the instruction. This is the period of time that
the reader should aim to place between the appearance of any screen update resulting from execution of the current
instruction and any screen update resulting from the execution of the next instruction. PERSIST is a binary field indicating
whether or not the compositing layer rendered by the current instruction should be treated as part of the background for
the next instruction. If an instruction specifies false for PERSIST, then the reader shall save the background prior to
execution and use this saved background when executing the next instruction.
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M.5.3.2.1 Special cases of life and persistence

There are a number of special combinations of LIFE and PERSIST parameters that require specific treatment by the
reader.
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—  When PERSIST is false and LIFE is zero, no action should be performed by the reader. This combination
might be used for example to force a reader to step over a thumbnail or print frame that would be displayed
by a reader not capable of displaying the file as an animation.

—  When PERSIST is true and LIFE is zero then this instruction should be executed together with the next

instruction. In practice this combination may occur for a sequence of more than two instructions and shall
zero
wyhilst

compositing layers involved in the frame composition sequence acquire the PERSISThand LIFE valyes of
the closing frame in the sequence.

—  When LIFE is the maximum value that can be stored the reader shall interpret this as a request for indefinite
life. If the driving application has the capacity, it shall progress to the next instruction upon completipn of
some predetermined user interaction such as a mouse click. In addition to\itS\use in animations, this fepture
may be used in files that store multi-page documents in order to force the reader to pause after compogition
of each page.

neral, screen updates shall not be performed after an instruction which has.zero LIFE unless it is the last instruction
rame composition sequence.

3.2.2 Assigning compositing layers to instructions and layer.retise

pression of animated sequences is considerably improved if compositing layers can be reused in multiple framgs. At
ame time it is desirable that instructions only reference campositing layers that have already been decoded gr are
entially next in the file. Further, decoders can better optimize their caching of compositing layers if they can tell
h layers are to be reused ahead of time. These policies are enforced in JPX via the discipline used to assdciate

First instruction is always associated with the first compositing layer in the file. This instruction may specify a yalue
EXT-USE. This value is interpreted as the-number of instructions, including the current instruction, until the cyrrent
ositing layer is reused. A value of zero“indicates to the reader that the current compositing layer shall not be [used
and may be forgotten. A value of one implies that the current compositing layer is to be used with the next instrugtion
o0 on. The reader shall maintain a_record of which instructions have been assigned compositing layers in this fashion.
hever an instruction is encountéred that does not have a compositing layer assigned to it, the next unused compoditing
defined in the file in seqlience order shall be used; the use of NEXT-USE does not specify a loop. A sjngle

3.2.3 Looping animations

possible to speCify that an animation should be looped. That is, when the animation has been fully rendereq, the
r resets the display to its initial state and displays the animation over again. A loop count is optionally specifigd as
pf the composition options. As with life, the maximum value for the loop parameter is used to indicate indefinite
ng. Leaping impacts the caching strategy used by the reader as many readers will not wish to free any compogiting
once decoded.

M.6

Using reader requirements masks to determine how a file can be used

The JPX format defines a file architecture rather than a specific, fixed set of data structures that will be found in a file.

This

architecture is complex enough to permit quite distinct file structures. For example, a JPX file may include:
— animation;
—  image collections;
— redundant image sets (e.g., print and display versions of the same scene); or
— single images in special colour spaces (e.g., Parameterized CIELab).
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As a result, the JPX brand tells a reader little about what capabilities it will require in order to correctly read an arbitrary
JPX file. Instead, JPX conveys this information using three expressions contained within the header of the file. These
expressions describe:

1) the full set of technologies/features present in the file;

2) the set of technologies/features required by a decoder in order to read the file in a form consistent with the
intent of the files creator;

3) a fallback mode which can be used to display a minimally acceptable result (usually a thumbnail or
preview).

The fallback mode is communicated using the File Type box and is primarily intended to indicate whether or not the file
can Ie read by a reader with specifically standardized capabilities (such as a conforming JP2 or Baseline JPX regder).
However, the combination of technologies required may be too complex for a simple listing of the functionalities-ip the
file. For this reason, the technology/feature set information takes the form of encoded logic expressions and are.contgined
in a Reader Requirements box.

In ggneral, a reader need only identify that it satisfies the requirements outlined in point 2 in order tobe‘assured of eing
able to read enough of the file to fulfil the creator's intent. On the other hand, an editor may want to inform a user if fhere
is any aspect of the file that it does not know how to support. Because all JPEG 2000 family-files are not necesdarily
interpperable with all JPX readers, these expressions describe each aspect of the file, and thetcombination of features that
shall{be supported to interpret the file correctly.

M.6JL  Types of expressions

M.6{1.1 Fully understand aspects

An ehcoded expression is used to describe all of the items contained withip-the file, and the combinations of functionality
requ(red to read these items. This expression describes each major optioh ‘a’reader has for processing the features df the
file, regardless of whether support for a particular feature is requiredito make use of that aspect of the file. For example,
a filg may contain metadata describing an original file from whickjit was created; however, a reader is not requirgd to
understand this metadata in order to correctly use the file.

M.6JL.2 Display contents

A sefond expression is used to describe the functionality-required to display the contents of the file as desired. Filesmay
contgin several representations of a single image,.s0 that the expression to display the contents correctly may in¢lude
sevefal options.

M.6J1.3 Fallback

In the event that a file cannot be displayed as desired by the writer, a fallback method for displaying the file is defined.
The

A lis
start
of re
conf
the f

This
M.9.
Fally

morg
use.

M.6.2  Expression representation

The expressions of the requirements to fully understand all aspects, and to display the file as desired are stored in the
Reader Requirements box, which is a mandatory feature of a JPX file format. If the Reader Requirements box is not
present, the File Type box describes the full functionality of the file.

The Reader Requirements expressions are logical expressions involving functions which can be provided by the writer.
These expressions may include vendor-specific options. The expression is factored into AND-separated sub-expressions,
each containing only OR operations. These are then encoded into bitmasks which the reader can use to determine how to
handle the file.
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The Reader Requirements box includes two expressions, the Fully Understand Aspects expression, and the Display
Contents expression. In general, these expressions will share several sub-expressions; shared sub-expressions are only

store

M.6.

d once, and bitmasks are used to determine which sub-expressions belong to each expression.

2.1 Formulating requirements expressions

When formulating the requirements expressions describing a file, each expression is firstly factored into AND-separated
sub-expressions, each sub-expression containing OR-separated options. Thus, an expression in the form:

(A&B&C&E) | (D &E) (M-3)

is factored into the expression:

Each

The

with
supp

How
func
expr
each
Aspd

then

(A|D)& (B|D)&(C|D)&E (

Table M.1 — Example expression

A B C D
1 0 0 1 0

full expression is written in table form (see Table M.2):

Table M.2 — Expanded expression

D B|D C|D
0 0

R|O|lO|O|O| M

O|FRr|O|O|F,|—

1
0
1
0

mo|lo|m|>

0
1
1
0

each sub-expression in a column of the table,(Thus, to satisfy the requirements of this expression, a reader h
prt one of the functionalities in each column.ofthe table.

ever, there are two expressions to be encoded, and they will, in general, share common factors (becaus
ionality required to display a file is part’of the functionality required to fully understand its contents). Thus, th
bssions are combined into one table, and a bitmask is provided to determine which columns in the table belo
expression. So, if the expression‘in Equation M-3 is Display Contents and if the expression for Fully Under
cts is:

((A|D)&(B|D)&(C|D) &E) & (F| G) (

noting that the expression in Equation M-4 is a common factor, here, the resulting table is (see Table M.3):

Table M.3 — Example factored expression

M-4)

sub-expression is expressed as a bit-array, with a flag set for each option appearing in that sub-expression. S¢, for
example, the expression (A | D) becomes:

as to

e the
two
Ng to
tand

M-5)

1 0 0 0 0 A
0 1 0 0 0 B
8 8 1 8 8 <
1 1 1 0 0 D
0 0 0 1 0 E
0 0 0 0 1 F
0 0 0 0 1 G
1 1 1 1 0 Display contents
1 1 1 1 1 Fully understand

where the first four columns are the Display Contents requirement, and all five sub-expressions are required to Fully
Understand Aspects. Thus the bitmask for Display Contents is 11110, and the bitmask for Fully Understand Aspects

is 11

111.
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This

table can be read in columns, as a set of sub-expressions defining the functionality required of a reader, or in rows,

as a set of compatibility bitmasks which a reader can use to determine whether it can read the file. By obtaining the bitwise
OR of the rows which correspond to the functionalities present, and comparing the result with the bitmasks for the two
expressions, a reader can determine whether it can satisfy the requirements of each.

Thus, a writer can construct the table in columns, setting flags corresponding to the options in each sub-expression, and

gene

rating the bitmasks describing which sub-expressions are ANDed together to form the full expressions for Fully

Understand Aspects, and Display Contents. It can then obtain the compatibility bitmasks for each function which a reader

may

M.6.

use in reading the file, by extracting the row corresponding to each functionality present.

2.2 Encoding requirements expressions

The
widt
and
ther

The
by a
thesq
strud

M.6,

For

Fequirements expressions are encoded in the Reader Requirements box, starting with a mask length, indicatinp the
n of the compatibility bitmasks, to byte precision. This is followed by the bitmasks for the Fully Understand) ASpects
Display Contents expressions, and in turn by a list of the features used and their compatibility masks, abtained [from
bws of the expression table.

ist includes a set of standard features used (as specified in Table M.14) and their compatibilityrbitmasks, follpwed
list of vendor-specific features (represented as UUIDs), together with the compatibility bitmasks associated|with
. Apart from the separation into standard and vendor-specific features, the order of presentation is unimportant.[ This
ture is fully specified in clause M.11.1.

0.3 Examples

bxample, consider an image processing program that produces a JPX file centaining a single image in the SRGB

cololir space, and a multiple codestream version containing the compositing layers, to allow an editor to work with the

imag

and 1

Equg

Equg

The

The
Disp

e, and includes metadata containing the history of the file, then the reqdirement to display the file is:
sRGB & (single codestream | (multiple codestream &«<€ompositing)) (M-6)
o fully understand the file requires:
sRGB & (single codestream | (multiple codestream & compositing)) & metadata (M-7)
tion M-6 factors as:
sRGB & (single codestream | multiple codestream) & (single codestream | compositing) (M-8)
tion M-7 factors similarly, so the sub-expressions are:
a) SRGB;
b) single codestream | multiple.codestream;
c) single codestream | compositing;
d) metadata.
esulting expression table and bitmasks is shown in Table M.4.

bitmasks indicate which sub-expressions are required for each degree of functionality. Thus the expressiop for
ay Contents is:

(Sub-expr a) & (Sub-expr b) & (Sub-expr d) (M-9)
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Table M.4 — Example of a Reader Requirements expressions for Equations M-6 and M-7

© fo) o ©
o o o o
X x x x
i i i w
o o) ) o)
> ] > >
w (%] [7p] wn
sRGB 1 0 0 0
single codestream 0 1 1 0
multiple codestream 0 1 0 0
€Ompesting 8 8 + 6
metadata 0 0 0 1
Fully Understand Aspects bitmask 1 1 1 1
Display Contents bitmask 1 1 1 0

Thug, the above table is stored in the file as shown in Table M.5:

Table M.5 — Example of a Reader Requirements box for Equations M6 and M-7

Mask Length (in bytes) 13
Fully Understand Aspects bitmask 1 1 1 1
Display Contents bitmask 1 1 1 0
Number of Standard Features 5
Standard Feature Compatibility list SRGB
1 [0 | o | o |
single codestream
o] 1 ] 1 [ o |
multiple codestream
o [ 1 ] o [ o |
compositing
o | o [ 1 [ o]
metadata
o [ o | o [ 1 |
Number of Vendor-Specific features 0
4 1 byte, because masks are 4 bits wide, which fits into 1 byte.

As a|second example, suppose~the ACME printer driver produces a JPX file which contains a single codestream sRGB
image, for display, and a CM)YK image which can be read by a printer driver using ACME's vendor-specific functions.
For this file, the expressionito Fully Display Contents is:

(sRG@B.& single codestream) | (CMYK & single codestream & ACME extensions) (M-10)
whilg the expression to Understand All Aspects is:

((sRGB & single codestream) | (CMYK & single codestream & ACME extensions))
& metadata & ACME print metadata (M-11)

FactOrizimg these Mo SUb=EXpPreEsSIoNns Jives:
single codestream & (sRGB | CMYK) & (sRGB | ACME extensions) (M-12)
and:

single codestream & (sRGB | CMYK) & (sRGB | ACME extensions)
& metadata & ACME print metadata (M-13)

respectively.
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The resulting file Reader Requirements table is shown in Table M.6:

Table M.6 — Reader Requirements table for Equations M-10 and M-11

sRGB
CMYK
single codestream
metadata
ACME extensions

o

ojlo|o|o|o

ACNA HY toclat
NGV P rhetauater

- | H

Fully Understand Aspects bitmask

P[PPI O|IO|O|(F|F
P[PPI RLP|IO|OC|(O|F

oOlr|Pp|O(R,|O|O|O

PP P|lO|O|—L|O

Display Contents bitmask 0

As always, each column represents a factor sub-expression, and each row provides a compatibility bitmask Which a r¢ader
can yse to determine whether it can read the file. This example includes vendor-specific features, and that sub-expresgions
can involve both standard and vendor-specific functionality.

These are stored in the file as shown in Table M.7:

Table M.7 — Reader Requirements box data for Equations M~10-and M-11

Mask Length 1
Fully Understand Aspects bitmask 1
Display Contents bitmask 1 1 0 1 0
Number of Standard Features 4
Standard Feature Compatibility list sRGB
o 1 | o | 1| o |
CMYK
0 [ 1 | o [ o | o]
single codestream
1 | o | o | o | o |
metadata
o | o | 1+ ] o | o |
Number of VendorFeatures 2
Vendor Feature Compatibility list ACME extensions UUID
o | o | o | 1 | o |
ACME print metadata UUID
o | o | o | o | 1 |

Also|consider a JPXfile that contains two compositing layers that are not combined by either animation or compositing;
they fare conceptually two separate rendered results. The first compositing layer contains a single codestream in the SRGB
cololirspace (specified using the Enumerated method). The second compositing layer contains a single codestrean, for
which the eoleurspace is specified using the Any ICC method. In addition, the second compositing layer contains vendor-

(sRGB & single codestream) | (full ICC & single codestream & ACME extensions) (M-14)
while the expression to Understand All Aspects is:
((sRGB & single codestream) | (full ICC & sRGB & single codestream & ACME extensions)) (M-15)
Factorizing these into sub-expressions gives:
single codestream AND (sRGB | full ICC) AND (sRGB | ACME extensions) (M-16)
and:
single codestream AND sRGB AND full ICC AND ACME extensions (M-17)
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respectively. The resulting file Reader Requirements table is shown in Table M.8:

Table M.8 — Reader Requirements box data for Equations M-16 and M-17

Mask Length 1
Fully Understand Aspects bitmask 1 0 0 1
Display Contents bitmask 1 1 1 0 0 0
Number of Standard Features 3
Standard Feature Compatibility list sRGB
R
Any ICC
o1 ]o]of[1]o]

single codestream
t[ofJofo]o]
Number of Vendor Features 1
Vendor Feature Compatibility list ACME extensions UUID
o [ofJo]1]o}) |

4

M.63  Testing an Implementation against requirements expressions

In order to determine whether it can read the file, the reader extracts the compatibility bitmask from the feature list
corrgsponding to each functionality which it provides. If a flag is set in the bitmask, then this function is an option i
sub-g¢xpression corresponding to the flag.

Thug, if the reader performs a bitwise OR of the bitmasks for all of the functions which it provides, it can deter
whether it can read the file by comparing the result with the Fully tUnderstand Aspects and Display Contents bit
from| the file. Also, by reconstructing the expression table and looking up the column (or columns) of the table whe

file

pitmask flag is set, and the reader's compatibility bitmask flag is not, the reader can determine which

functionality is required to read the file.

If thére is functionality provided by the reader, which is\not in the feature list for the file, then the feature is not req
to reqd the file (and the bitmask may be assumed to/be all zeroes).

Congider the first example Reader Requirementstbox (Table M.9):

Table M.9 — Example Reader Requirements box to test

Entry
h the

mine
asks
e the
pXtra

ired

Mask Length (in bytes) 1
Fully Understand Aspects bitmask 1 1 1
Bisplay Contents bitmask 1 1
Number of Standard Features 5
Standard Feature Compatibility list sRGB
1 | o | o | o |
single codestream
o | 1 [ 1 [ o]
multiple codestream
e T e
compositing
o [ o | 1 [ o |
metadata
o | o [ o [ 1]
Number of Vendor-Specific features 0

In this example, if the reader supports the SRGB and single codestream functions, it looks up the bitmasks for these
features (1000 and 0110, respectively). The bitwise OR gives the compatibility mask of this file for the reader, 1110.
Thus, this reader can fully display the contents of the file; however, it will not understand all aspects of the file.
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Noting that the compatibility mask for the reader (DCM) is 1110, and the Fully Understand Aspects Mask (FUAM) mask
is 1111, the reader can perform (FUAM & !DCM) bitwise, to get 0001. This tells it that the missing functionality's bitmask

has bit 4 set, so it can search the list for this, and determine that the missing functionality is metadata support.

Table M.10 — Table intentionally left blank

M.7 Extensions to the JPX file format

M.7.1  General

In the JPX file format, several features of the file format (denoted user items) can be extended unilaterally, i
Itation with ITU-T | ISO/IEC. For example, the format provides the Vendor Colour method to allow-indiv|
rs to indicate custom colourspaces through a form of enumeration (using UUID's) without involving @)third-g

allocation of values to registered items. Because the number of available values for.most registered items is limited
given that most problems can be solved using publishable items rather than registered items, the allocation of a regis
valug is made through Recommendations | International Standards. For example, an Enumerated Colourspace is a rese
item] the value is indicated through the use of a 4-byte integer that js,specified in Recommendations | Internat
Stanglards.

Tablg M.11 lists reserved items.

Table M.11 — Items which can be extended thraugh Recommendations | International Standards

hout
dual
arty.

er of
gs if
r the

and
tered
rved
onal

Item Purpose

Erjumerated colourspaces Define additional standard colourspaces

Degired reproduction boxes Define additional\reproduction scenarios and the data required to transform images for output]i

those scenarios

Compatibility modes Define additional compatibility modes to promote interoperability in markets not explicitly|
addressed by the JPX baseline feature set

Standard feature list Define additional standard feature codes for the Reader Requirements box

M.7R.2 Enumerated colourspace

New| values of the EQUMCS field in the Colour Specification Box are specified in Recommendations | Internat
Stanglards. Each entimerated colourspace contains a complete colourimetric definition of that colourspace, instructio
how [to use images’in that colourspace, any required enumerated parameters (for the EP field in the Colour Specific
box)|and any-default values of those parameters.

NOTE —\Non-standard colourspaces shall be specified using the Vendor Colourspace method.

onal
NS on
ption

M.7 232 Desired mlnrnrlnr‘finn boxes

New box types for Desired Reproduction information (like the Graphics Technology Standard Output box in the
format) are specified in Recommendations | International Standards. Each desired reproduction contains a com

JPX
plete

definition of the reproduction scenario, including the binary structure of the reproduction data as well as when an

application uses the reproduction data.

NOTE - Reproductions can also be specified by embedding the data in a UUID box and placing that UUID box within the Desired

Reproduction superbox.

M.7.2.4 Compatibility modes

New compatibility modes for the File Type box (values for the CLi fields) are specified in Recommendations |
International Standards. Each compatibility mode defines a complete definition of the JPX reader requirements for that

compatibility mode, as well as the definition of the 4-byte CL.i field for this mode.
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M.7.2.5 Standard feature codes
New values of the SFi field in the Reader Requirements box are specified in Recommendations | International Standards.

M.7.3  User items

User items are those elements of a JPX file that can be safely extended, generally through the use of URL's or UUID's,
without risk of conflict with other users. Values can be assigned for user items without consultation with a third-party.

Table M.12. list user items.

Table M.12 — Items which can be extended by registration

Item Purpose Values
Vendor feature codes Define additional vendor-specific VFI field in the Application Profifelbox
features
Vendor colourspaces Define additional vendor-specific VCLR field in the METHDRAT field for
colourspaces Colour Specification boxe$ that use the
Vendor Colour method
Binary filter algorithms Define additional algorithms for use in F field in theBinary Filter box
the Binary Filter box
UUID metadata Define additional metadata for use within UUIBs\used in UUID boxes
UUID boxes
XML metadata Define additional metadata for use within Document Type Definitions (DTD's) and
XML boxes XML Schema's used in XML boxes

M.8 Differences from the JP2 binary definition

The pox structure of a JPX file is identical to that of a JP2 file¢;ArJPX file is a sequence of boxes, defined in|Rec.
ITU4T T.800 | ISO/IEC 15444-1, Clause 1.6. However, many new, boxes are defined, and the structures of several Joxes
are ejxtended as follows:

— The BR field in the File Type box shall~be "jpx\040" for files that are completely defined by this
Recommendation | International Standard. In addition, a file that conforms to this Recommendation |
International Standard shall have at least one CLi field in the File Type box, and shall contain the yalue
'jpx\040" in one of the CLi fields.in_the File Type box.

—  The MinV field in the File Typebox shall bet set to 1, indicating a minor revision to the standard.
— Additional forms of the Colour Specification box are defined (M.11.7.2).
—  The JPEG 2000 comptessed codestream may contain extensions as defined in Annex A.

— Under some circumstances, the JP2 header box may be found in anywhere in the file, provided that it is
not encapsulated within another box (it shall always be at the top level of the file). See M.11.5 for a
description.ofthe storage of the JP2 header box within a JPX file.

—  Additignal-box types are defined within the scope of this Recommendation | International Standard.

M.9 Conformance

M.9L _Interpretation of JPX data structures

A copfarming file shall contain the boxes that are labelled as required in Table M.13, and those boxes shall be as defined
in this Recommendation | International Standard.

A JPX reader that supports a particular subset of JPX features is a conforming JPX reader if that reader properly supports
all files that contain a Display Contents mask (in the Reader Requirements box) or a Fallback position (in the File Type
box) indicating that the file can be read using only that particular subset of features; a conforming reader may fall back
from any extended feature, as allowed by the Reader Requirements or File Type box, provided that the reader does not
claim a higher level of conformance than it actually supports.

M.9.2  Support for JPX feature set

In general, a JPX reader is not required to support the entire set of features defined within this Recommendation |
International Standard. However, to promote interoperability, five profiles are defined, of which the first defines a set of
baseline features required to decode images using codestream representations conforming to Rec. ITU-T 800 |
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ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 only, and four additional profiles describing images
containing only codestreams conforming to Rec. ITU-T 832 | ISO/IEC 29199-2.

The ITU-T 80x | ISO/IEC 15444-x based profile is denoted JPX Baseline in the following; Files that are written in such
a way as to allow a reader that supports only this JPX baseline set of features to properly open the file shall contain a CLi
field in the File Type box with the value 'jpxb' (0x6a70 7862); all JPX baseline readers are required to properly support
all files with this code in the compatibility list in the File Type box. The definition of a JPX baseline file given in
clauses M.9.2.1 through M.9.2.9, the JPEG XR profiles based on 29199-2 codestreams are defined in clause M.9.2.10
and following.

The ITU-T 80x | ISO/IEC 15444-x based profile denoted JHX Baseline is identical to the JPX Baseline profile with the
exception that the codestream in the first r‘nmlnncifing Inypr shall hplnng to the HTONLY set :ppr‘ifiad in_Rec.
ITU{T T.814 | ISO/IEC 15444-15 and shall not require support for extensions other than the irreversible decorrelption
trangformation (specified in clause J.3.1.1.1) and non-linearity transformation (specified in Annex K) extensions. [Files
that @re written in such a way as to allow a reader that supports only this JHX Baseline set of features to properly ppen
the fjle shall contain a CLi field in the File Type box with the value 'jhxb' (0x6a68 7862). All JHX baséline readers are
requ|red to properly support all files with this code in the compatibility list in the File Type box.

M.9R.1 Compression types

Supgort for compression types other than JPEG 2000 (the C field in the Image Header box(=7) shall not be requirgd to
propgrly display the file.

M.9R.2 Compositing layers

Supgort for multiple compositing layers is not required to properly display the filexHowever, the file may contain multiple
ositing layers. If the file does contain compositing layers, the first compositing layer in the file (signalled by thg first
ositing Layer Header box) shall be rendered. That compositing layet shall consist of one and only one codestrieam,
shall represent the rendered result as rendered into a single codestream. In addition, the codestream that shall be

The ¢odestream specified by the first compositing layer shall\be compressed using the JPEG 2000 compression algor{thm,
ined by Rec. ITU-T T.800 | ISO/IEC 15444-1 and shall not require support for extensions other than the irreversible
decofrelation transformation (specified in clause J.3:2.1.1) and non-linearity transformation (specified in Anneix K)

A cdnforming JPX baseline reader is not reguired to support other portions of the multiple component transformgation
sion. If support for the irreversible (decorrelation transformation is required, then the first codestream shgll be
restricted as follows:

—  The value of the Qmce field in any MCC marker segment shall be 1.
—  The Xmcci field in-any MCC marker segment shall indicate an array based decorrelation transformation.
—  The Tmcc! fieldin any MCC marker segment shall indicate an irreversible transformation
—  The Nmcafield in any MCO marker segment shall be 1.

That|codestream miay-contain other extensions provided that support for those extensions is not required to decodp the
codeptream.

Other codestreams in the file may require support for other extensions in order to be decoded.

M.9 {4~ Colour specification

The first compositing layer shall contain at least one Colour Specification box from the following list:

—  Enumerated method EnumCS values indicating either SRGB, sSRGB-grey, ROMM-RGB, sYCC, e-sRGB,
or e-sYCC.

—  Enumerated method EnumCS value of CIELab using default values (EP fields are not specified).

—  Enumerated method EnumCS value of CIELab using enumerated parameters (as specified in the EP fields
in the Colour Specification box).

—  Enumerated method EnumCS value of CIEJab using default values (EP fields are not specified).

—  Enumerated method EnumCS value of CIEJab using enumerated parameters (as specified in the EP fields
in the Colour Specification box).
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—  Restricted ICC method.
— Any ICC method.

A baseline JPX file may contain additional colourspace specifications, such as other enumerated values or vendor defined
colourspace specifications. However, the file shall contain at least one colour specification method from the list above.

In addition, at least one Colour Specification box specified for the first compositing layer shall have an APPROX value
of 3 or less (indicating a "reasonable” or better approximation of the true colourspace of the image).

M.9.2.5 Codestream fragmentation

The codestream used by the first compositing layer in a baseline JPX file may be fragmented. However, all fragments
shall{be in the JPX file itself and shall be found in the file in the order they are listed in the Fragment Table box, starting
the sparch at byte 0 of the file and proceeding sequentially to the end of the file.

M.9PR.6 Cross-reference boxes

All Qross-Reference boxes that shall be parsed in order to properly interpret or decode the first compasiting layer ip the
file ghall only point to fragments that are contained within the JPX file itself. Those fragments shall,be in the same prder
in the file as they are listed in the Fragment List box, starting the search at byte 0 of the file and proceeding sequentially
to the end of the file. In addition, all fragments shall be found in the file before the data repregsenting the codestream|used
by the compositing layer. If that codestream is specified by a Contiguous Codestream_fox; then all fragments fgr the
crosg-reference shall be found before that Contiguous Codestream box. If the codestream'is-Specified by a Fragment Table
box, [then all fragments for the cross-reference shall be found before the Media Data-box containing the first fragment
from| the codestream.

M.9R.7 JP2 Header box location

The JP2 Header box shall be found in the file before the first Contiguaus €odestream box, Fragment Table box, Media
Datalbox, Codestream Header box, and Compositing Layer Header box:Any information contained within the JP2 H¢ader
box shall be applied to the first codestream, as well as being used-as default information for all other codestream$ and
compositing layers; the boxes within the JP2 Header box shall pétbe found within the Compositing Layer Header bpx or
the Godestream Header box associated with the first compositing layer.

M.9R.8 Opacity

A bageline JPX reader shall properly interpret opacity channels, through either direct mapping to a codestream compg@nent
either the Channel Definition box or the Qpacity box, or by expansion from a palette. The use of opacity outsifle of
the yse of compositing layers within the JPXfile indicates that the decoded image data shall be composited onfo an
application defined background.

M.9R.9 Other data in the file

A bapeline JPX file may contain ©ther features or metadata, provided they do not modify the visual appearance of th¢ still
image as viewed using a readérthat supports only the baseline JPX feature set. All baseline JPX readers should be aware
of the existence of this (data, as parsing or processing this data may be required in some extended applications.
Applications that understand other data or features in the file are encouraged to support the behaviours and functions
asso¢iated with that.extended data.

M.92.10 JPEGXR profiles

In addition-to.codestreams conforming to the ITU-T 80x | 15444-x series of Recommendations | Standards, a JPX file
may falsotinclude codestreams conforming to 29199-2 (JPEG XR), and four profiles are defined in the following clpsely
mirrgring the profiles of 29199-2. The four profiles are denoted JPEG XR Sub-baseline Profile, JJEG XR Baseline
Profile, JPEG XR Main Profile, and JPEG XR Advanced Profile. All profiles have in common that files conforming to
these profiles shall only contain codestreams conforming to 29199-2.

Files conforming to the JPEG XR profiles shall contain a CL' field in the File Type box with the values 'jxr0' through
'jxr3', according to the profiles the corresponding 29199-2 codestreams conform to; these compatibilities are defined in
Table M.1.

M.9.2.11 Compression type

Readers conforming to one of the four JPEG XR profiles only need to support the compression type C = 11 (JPEG XR)
indicated in the Image Header Box; see Table M.20 for all compression types defined in this Recommendation |
International Standard. Support for other compression types shall not be required to display a file conforming to one of
the four JPEG XR profiles.
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M.9.2.12 Compositing layers

Support for multiple compositing layers is not required to properly display the file; however, the main file may contain
multiple compositing layers, but if so, only the first one need to be rendered by an implementation conforming to the
JPEG XR profiles. Compositing layers may consist of one or two codestreams that both shall conform to 29199-2. If a
compositing layer consists of two codestreams, the two codestreams shall describe images of the same size that are aligned
pixel by pixel, and the second codestream shall consist of a single component representing the opacity of the samples
encoded in the first codestream. If a second codestream is present in a compositing layer, the first codestream shall not
include any opacity information.

M.9.2.13 Colour specification

The first composting layer shall contain at least one Color Specification Box from the following list:

—  The enumerated method EnumCS value indicating either SRGB, scRGB, sRGB-grey, scRGB-gfey, bi-
level black on white or bi-level white on black for the JPEG XR baseline and JPEG XR' sub-baseline
profiles.

— Inaddition to the above, the enumerated method EnumcCS value indicating CMYK or the Any ICC mgthod
for the JPEG XR main profile.

— In addition to the above, the enumerated method EnumCS value indicating YCbCr(1) through YCbCr(3)
for the JPEG XR advanced profile.

M.9.14 Codestream fragmentation

The podestreams representing the data of the first compositing layer of files conforming to the JPEG XR profiles jshall

not e fragmented.

M.9P.15 Cross Reference Boxes

Fileq conforming to the JPEG XR profiles shall not use Cross Reference Boxes for replacing boxes necessary to dgcode
the flrst compositing layer.

M.9p.16 JP2 Header Box Location

The JP2 Header box shall be found in the file before the-first Contiguous Codestream box, and Compositing Layer Hg¢ader
box.|Any information contained within the JP2 Header box shall be applied to the codestreams encoding the| first
compositing layer, and as well being used as default’information for all other compositing layers; the boxes withip the
JP2 Header box shall not be found within the Cempositing Layer Header box or the Codestream Header box associated
with|the first compositing layer.

M.9.17 Opacity

A JHEG XR profile conforming_reader shall properly interpret opacity channels, through either direct mapping|to a
codeptream component using the.Channel Definition box. Other means of indicating opacity, e.g., by the Opacity|box,
need|not to be supported. The use of opacity outside of compositing layers within the JPX file indicates that the degoded
image data shall be compaesited onto an application defined background.

M.9.18 Rotation

A JPEG XR conforming reader shall properly interpret the ROT field of the Instruction Set box defindd in
clauges M.11.10.2 and M.11.10.2.1. Other instructions defined in the Instruction Set box need not to be honouref for
compliancetorthe JPEG XR profiles.

M.9p.19 Other Data in the file

A JPEG XR profile file may contain other features or metadata, provided they do not modify the visual appearance of the
still image as viewed using a reader that supports only the JPEG XR feature set. All JPX readers should be aware of the
existence of this data, as parsing or processing this data may be required in some extended applications. Applications that
understand other data or features in the file are encouraged to support the behaviours and functions associated with that
extended data.

M.9.2.20 Conformance testing

A conformance testing procedure for the JPEG XR profiles as well as test files suitable for conformance testing are
defined in Rec. ITU-T 834 | ISO/IEC 29199-4.
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M.10 Key to graphical descriptions (informative)

Each box is described in terms of its function usage and length. The function describes the information contained in the
box. The usage describes the logical location and frequency of this box in the file. The length describes which parameters
determine the length of the box.

These descriptions are followed by a figure that shows the order and relationship of the parameters in the box. Figure M.4
shows an example of this type of figure. A rectangle is used to indicate the parameters in the box. The width of the
rectangle is proportional to the number of bytes in the parameter. A shaded rectangle (diagonal stripes) indicates that the
parameter is of varying size. Two parameters with superscripts and a gray area between indicate a run of several of these
parameters. A sequence of two groups of multiple parameters with superscripts separated by a gray area indicates a run

[a allal an 1 N a [\V/aYa [a] a aa 1 ’] the

The figure is followed by a list that describes the meaning of each parameter in the box. If parameters areepeated, the
h and nature of the run of parameters is defined. As an example, in Figure M.4, parameters C, D, E@nd'F are §, 16,
32 bt and variable length respectively. The notation GO and GN-1 implies that there are n different parameters, Gi| in a
row.|[The group of parameters HO and HM-1, and JO and JM-1 specify that the box will contain HO, followed by JO, follpwed
by H and J1, continuing to HM-1 and JM-1 (M instances of each parameter in total). Also, the fieldhE is optional andmay
not e found in this box.

Aftef the list is a table that either describes the allowed parameter values or provides references to other tables that desgribe
thesq values.

8-bif parameter 32-bit parameter Run of N parameters
C D E F G(] G\'—] Hﬂ J() HM—I JM— I
T.801(21)|FM.4
Variable size parameter Run of M sets of parameters

Figure M.4 — Example'of the box description figures

In addition, in a figure describing the conténts of a superbox, an ellipsis (...) will be used to indicate that contents df the
file etween two boxes is not specifically defined. Any box (or sequence of boxes), unless otherwise specified by the
defirfition of that box, may be found inplace of the ellipsis.

AA BB

T.801(21)_FM.5

Figure M.5 — Example of the superbox description figures

For gxample; the superbox shown in Figure M.5 shall contain an AA box and a BB box, and the BB box shall follow the AA box.
However; there may be other boxes found between boxes AA and BB, Dealing with unknown boxes is discussed in clause \M.12.

M.11  Defined boxes

The following boxes are defined as part of JPX file format. In addition, any box defined as part of the JP2 file format that
is not also listed here is also defined for use in a JPX file. However, this Recommendation | International Standard may
redefine the binary structure of some boxes defined as part of the JP2 file format. For those boxes, the definition found in
this Recommendation | International Standard shall be used for all JPX files.

Figure M.6 shows the hierarchical organization of the boxes in a JPX file. Several of these boxes are defined within the
JP2 file format specification. This illustration does not specify nor imply a specific order to these boxes. In many cases,
the file will contain several boxes of a particular box type. The meaning of each of those boxes is dependent on the
placement and order of that particular box within the file.
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JPX file

JPEG 2000 Signature box

Data Reference box (M.11.2)

File Type box

Fragment Table box (M.11.3)

Reader Requirements box (M.11.1)

Fragment List box (M.11.3.1)

JP2 Header box (M.11.5)

Label box (M.11.13)

Contiguous Codestream box (M.11.8)

Image Header box

Media Data box (M.11.9)

Bits Per Component box

Colour Specification box (M.11.7.2)

Composition box (M.11.10)

Composition Options box (M.11.10.1)

Component Mapping box

Channel Definition box

IIUUCHUIN SCUDOA (VLTI IV.2)

Resolution box

Capture Resolution box

Desired Reproductions box (M.11.15)

[ Graphics Tech. Standard Output box (M.11.15.1)

Default Display resolution box

ROI Description box (M.11.16)

Pixel Format Box

Compositing Layer Header Box (M.11.7.8)

Cross-Reference box (M.11.4)

‘ Fragment List box (M.11.3.1)

Compositing Layer Extensions box (M.11.21)

Compositing Layer Extensions Info (M.11.22)

Codestream Header box (M.11.6)

Association box (M.11.11)

Number List box (M.11,12)

Label box (M.11.13)

Label box (M.11.13)

Image Header box (M.11.5.1)

Bits Per Component box (M.11.5.2)

Palette box

Component Mapping box

Association box {M.11.11)

DecompeSed XML box (M.11.2.26)

Assodiation box (M.11.11)

XML header box (M.11.27)

XML box (M.11.18)

Compositing Layer Header box (M.11.7)

Binary Filter box (M.11.14)

Label box (M.11.13)

Digital Signature box (M.11.17)

Colour Group box (M.11.7.1)

MPEG-7 Binary box (M.11.19)

Colour Specification box (M.11.7.2)

Free box (M.11.20)

Opacity box (M.11.7.6)

XML box (M.11.18)

Channel Definition box

UUID box

Codestream Registration bex (M.11.7.7)

Intellectual Property Rights box (N.5.4)

Resolution box

Capture ReSolution box

Default,Digplay resolution box

UUID Info box

UUID List box

Data Entry URL box

Pixel Format Box

Grouping box (M.11.25)

Multiple Codestream box (M.11.23)

Multiple Codestream Info box (M.11.24)

Contiguous codestream box (M.11.8)

Fragment Table box (M.11.3)

T.801(21)_FM.6

Figure M.6 — Boxes defined within a JPX file

Table M.13 lists all boxes defined as part of this Recommendation | International Standard. Boxes defined as part of the
JP2 file format are not listed. A box that is listed in Table M.13 as "Required" shall exist within all conforming JPX files.
For the placement of and restrictions on each box, see the relevant clause defining that box.
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Table M.13 — Boxes defined within this Recommendation | International Standard

Box name Type Required Comments
?
Reader Requirements box (M.11.1) rreq’ Yes This box specifies the different modes in which this file
(0x7272 6571) may be processed.
JP2 Header box (superbox) 'jp2h’ No This box specifies JP2 compatibility and default header
(M.11.5) (Ox6AT0 3268) information for the codestreams and compositing layers.
Image Header box (M.11.5.1) 'ihdr’ Yes This box specifies the size of the image and other related
(0x6968 6472) fields.
Bit4 Per Component box (M.11.5.2) 'bpcc’ No This box specifies the bit depth of the components'in the
(0x6270 6363) file in cases where the bit depth is not constant.acros all
components.
Codestream Header box (superbox) ‘jpch’ No This box specifies general informationjstich as bit depth,
(M.LL1.6) (Ox6AT0 6368) height and width about one specific codestream in the ffile.
Compositing Layer Header box jplh’ No This box specifies general ‘vinformation, such| as
(superbox) (M.11.7) (0x6A70 6C68) colourspace and resolution,~ about one spegific
compositing layer in the file.
Colpur Group box (superbox) ‘cgrp' No This box groups a sequénce’of Colour Specification bgxes
(M.J11.7.1) (0x6367 7270) that specify the different ways that the colourspace pf a
layer can be procéssed.
Colpur Specification box ‘colr’ Yes This box specifies ‘one way in which the colourspace df an
(M.L1.7.2) (0x636F 6C72) image can be processed. The definition of this bok is
extended.ffom the definition in the JP2 file format.
Op4city box (M.11.7.6) ‘opct’ No This(box specifies how opacity information is contaned
(0Ox6F70 6374) withir a set of channels.
Codestream Registration box ‘creg’ No This box specifies the alignment between the set of
(M.11.7.7) (0x6372 6567) codestreams that make up one compositing layer.
Dath Reference box (M.11.2) 'dtbl’ No This box contains a set of pointers to other files or pata
(0x6474 626C) streams not contained within the JPX file itself.
Fragment Table box (superbox) ftbl' No This box specifies how one particular codestream has jeen
(M.11.3) (0x6674 626C) fragmented and stored within this JPX file or in other
streams.
Fragment List box (M.11.3.1) flst! No This box specifies a list of fragments that make up Jone
(0x666C7374) particular codestream within this JPX file.
Crops-Reference box (M.11.4) ‘cref' No This box specifies that a box found in another location
(0x6372 6566) (either within the JPX file or within another file) sheuld
be considered as if it was directly contained at this location
in the JPX file.
Corftiguous Codestream box 'jp2c’ No This box contains one codestream from the JPX file,
(M.]11.8) (0x6A70 3263) stored contiguously in a single box.
Medlia Data box (M.11,9) ‘'mdat’ No This box contains generic media data, which is refererjced
(0x6D64 6174) through the Fragment Table box.
Composition box (superbox) ‘comp’ No This box specifies how a set of compositing layers ghall
(M.]11.10) (0x636F 6D70) be combined to create the rendered result.
Corppositien‘Options box ‘copt’ No This box specifies generic options for the compositioh of
(M.[11.10,1) (0x636F 7074) multiple compositing layers.
Instyuction Set box (M.11.10.2) 'inst' No This box specifies the specific instructions for combifing
(Ox696E 7374) multiple compositing layers to create the rendered result.
Association box (superbox) ‘asoc' No This box allows several other boxes (i.e., boxes containing
(M.11.112) (0x6173 6F63) metadata) to be grouped together and referenced as a
single entity.
Number List box (M.11.12) 'nlst’ No This box specifies what entities are associated with the
(OX6E6C 7374) data contained within an Association box.
Label box (M.11.13) 'IbI\040" No This box specifies a textual label for either a Codestream
(0x6C62 6C20) Header, Compositing Layer Header, or Association box.
Binary Filter box (M.11.14) 'bfil' No This box contains data that has been transformed as part
(0x6266 696C) of the storage process (such as compressed or encrypted).
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Table M.13 — Boxes defined within this Recommendation | International Standard

collection of Association boxes.

Box name Type Required Comments
?
Desired Reproductions box ‘drep’ No This box specifies a set of transformations that shall be
(superbox) (M.11.15) (0x6472 6570) applied to the image to guarantee a specific desired
reproduction on a set of specific output devices.
Graphics Technology Standard 'gtso’ No This box specifies the desired reproduction of the rendered
Output box (M.11.15.1) (0x6774 736F) result for commercial printing and proofing systems.
RO| Description box (M.11.16) roid' No This box specifies information about specific regiong of
(0x726F 6964) interest in the image.
Digjtal Signature box (M.11.17) ‘chek’ No This box contains a checksum or digital signature fpr a
(0x6368 636B) portion of the JPX file.
MPEG-7 Binary box (M.11.19) 'mp7b’ No This box contains metadata in MPEG:7 ‘binary fofmat
(0x6D70 3762) (BiM) as specified in ISO/IEC 23001%1.
Fre¢ box (M.11.20) ‘free’ No This box contains data that is noAdanger used and may be
(0x6672 6565) overwritten when the file is updated.
Intefllectual Property Rights (clause ipr' No This box contains intellectualrights information.
N.5|4) (Ox6AT0 3269)
Pix¢l Format box 'pxfm’ No This box specifies\the interpretation of reconstrugted
(M.]11.7.8) (0x7078 666d) sample values as7integer, fixed point or floating point
numbers.
XML box (M.11.18) 'xmI\040' No This box€oentains XML formatted information.
(0x786D 6C20)
Compositing Layer Extensions box jelx' No This*box defines an extended set of compositing layers,
(M.J11.21) (0x6A63 6C78) cadestream headers and compositing instructions.
Compositing Layer Extensions Info jixi' No This box provides information concerning the repetition
box|(M.11.22) (0X6A6CT7869) factor, compositing layer indices and other attributep of
the compositing layers and compositing instructjons
found within the Compositing Layer Extensions box.
Multiple Codestream box (M.11.23) 'j2ex! No This box represents a concatenated collection of onp or
(0x6A32 6378) more contiguous codestream boxes or fragment thble
boxes.
Multiple Codestream Info box j2ei’ No This box contains information describing the Mulfiple
(M.IL1.24) (Ox6A326369) Codestream box in which it is found.
Grouping box (M.11.25) 'grp\040' No This superbox is a container (or wrapper) for any nunmber
(0x6772 7020) of boxes which might otherwise be found as the non-infitial
sub-box of an Association box.
Dedomposed XML box (M.11.26) ‘dxml’ No This box provides front-matter from an XML document as
(0x786D 6C64) part of a mechanism for decomposing a single XML
document into a hierarchical collection of Association
boxes.
XML Header box (M:11,27) ‘hxml’ No This box provides an element header (the opening element
(0x786D 6C68) tag with attributes) as part of a mechanism | for
decomposing a single XML document into a hierarchical

M.1
The

.1 "Reader Requirements box

combination of features shaII be supported by a reader in order to fully use the file. The Reader Requrrements box shall
immediately follow the File Type box, and there shall be one and only one Reader Requirements box in the file.

All features specified are in addition to the features defined by the JP2 file format and JPEG 2000 codestream profile 0;
it is assumed that any reader capable of reading a JPX file is also capable of understanding every feature defined in the

JP2 file format and decoding a JPEG 2000 profile 0 codestream.

This box shall contain an accurate specification, to the extent as known by the writer, of all features in the file and an
accurate specification of the set or sets of features required to display the image as intended by the writer.

NOTE —

If a JPX file contains no features other than those defined by the JP2 file format and JPEG 2000 codestream profile 0, or

if the reader does not know of any features contained in the file beyond those base features, the Reader Requirements box will list
zero standard features and zero vendor features.
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Many features from previous revisions of this Recommendation | International Standard have been deprecated. Writers
shall not include these features when creating or updating files. Readers shall ignore the contribution of those features
when determining whether they can or cannot read the file.

The type of a Reader Requirements box shall be 'rreq' (0x7272 6571"). The contents of the Reader Requirements box is
as follows (see Figure M.7):

ML [ FUAN- ¥ DCM NSF Sp° SM SFF dM

NSF-1
v

we | VITTTTT 7280 T T T W2

0 NSF-1

VF VF

T.801(21) FM.7

Figure M.7 — Organization of the contents of the Reader Requirements box

ML.: Mask length. This field is a byte that specifies the number of bytes used for the compatibility mpsks.

This field is encoded as a 1-byte unsigned integer.

FUAM: Fully Understand Aspects mask. This field is the mask describing the Fully Understand Aspects

expression. This field is specified as a big endian integer<of the size as specified by the ML field.

DCM: Display Contents mask. This field is the mask describing the expression to display the image corrgctly.

This field is specified as a big endian integer of the\size as specified by the ML field.

NSF: Number of standard flags. This field specifies the number of standard feature flags contained within

the Reader Requirements box. The value of this field shall be equal to the number of SFi fields fpund
within the Reader Requirements box. This field is encoded as a 2-byte big endian unsigned integer.

SFi: Standard flag. This field specifies astandard feature flag. The number of SFi fields shall be eqyal to

the value of the NSF field. This field is encoded as a 2-byte big endian unsigned integer. Legal vhlues
of this field are specified in Table M.14 and in extensions to this standard.

SMi: Standard mask. This field:spécifies the compatibility mask for the feature specified by SFi. This|field

is specified as a big endian integer of the size as specified by the ML field.

NVF:  Number of vendor features. This field specifies the number of vendor features specified in the Rgader

Requirements.hox. The value of this field shall be equal to the number of VFi fields in the Rgader
Requirements.box. This field is encoded as a 2-byte big endian unsigned integer.

VFi: Vendorfeature. This field specifies one vendor defined feature that is used in this JPX file. This|field

is encaded as a 128-bit UUID. Information about the feature specified by this UUID can be spegified
usingthe UUID Info box as defined in the JP2 file format.

VMi:  « Vendor mask. This field specifies the compatibility mask for the feature specified by VF'. This|field

is specified as a big endian integer of the size as specified by the ML field.

Table M.14 — Legal values of the SFi field

Value

Meaning

o

File not completely understood

Codestream contains no extensions

Contains multiple composition layers

Deprecated

JPEG 2000 Core coding system Profile 1 codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.45

Unrestricted JPEG 2000 Core coding system codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1

Unrestricted JPEG 2000 Extensions codestream as defined in this Recommendation | International Standard

JPEG codestream as defined in ISO/IEC 10918-1

0N WIN|F-

Deprecated
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Table M.14 — Legal values of the SFi field

Value

Meaning

©

Non-premultiplied opacity channel

=
o

Premultiplied opacity channel

[EEN
[N

Chroma-key based opacity

=
N

Deprecated

[N
w

Fragmented codestream where all fragments are in the file and in order

= gl barad L Ht " IS RO 1 D Y hordiarsaral
FTayIimiciiieu LOutSuTdilmT WIICTT arr TTayimicTite arc e e yut arc vut ur uruct

Fragmented codestream where not all fragments are within the file but all are in locally accessible files

Fragmented codestream where some fragments may be accessible only through a URL specified network eonnectia

Compositing required to produce rendered result from multiple compositing layers

Deprecated

Deprecated

Deprecated

At least one compositing layer consists of multiple codestreams

Deprecated

WIN|RP[O|lO|(O|N|[O|OT| B

Colourspace transformations are required to combine compositing layers; not-all.compositing layers are in the s
colourspace

pme

Deprecated

Animation

First animation layer does not cover entire rendered result area

Deprecated

Reuse of animation layers

Deprecated

Some animated frames are non-persistent

Deprecated

Rendered result involves scaling within a layer

Rendered result involves scaling between layers

ROI metadata

glh|lWIN|RP|[OJO|(O|N[O|O| D>

IPR metadata

o
3

Content metadata

History metadata

Creation metadata

JPX digital signatures

JPX checksums

Desired Gfaphic Arts reproduction specified

Deprecated

Deprecated

Cempositing layer uses Any ICC profile

I
O Ph[W|INPRP|O|[O|0|N

Deprecated

Danracatad
L

N
-

BiLevel 1 enumerated colourspace

SN
oo

BiLevel 2 enumerated colourspace

o
©

YCbCr 1 enumerated colourspace

a1
o

YCbCr 2 enumerated colourspace

a1
iy

YCbCr 3 enumerated colourspace

a1
N

PhotoYCC enumerated colourspace

[8)]
w

YCCK enumerated colourspace

1
N

CMY enumerated colourspace

(4]
(3]

CMYK enumerated colourspace

(o)
[op]

CIELab enumerated colourspace with default parameters
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Table M.14 — Legal values of the SFi field

Value Meaning
57 CIELab enumerated colourspace with non-default parameters
58 CIEJab enumerated colourspace with default parameters
59 CIEJab enumerated colourspace with non-default parameters
60 e-SRGB enumerated colourspace
61 ROMM-RGB enumerated colourspace
2 Nor=strare-samptes
43 Deprecated
64 Deprecated
45 Deprecated
46 Deprecated
@7 GIS metadata XML box
48 JPSEC extensions in codestream as specified by ISO/IEC 15444-8
49 JP3D extensions in codestream as specified by ISO/IEC 15444-10
10 Deprecated
11 e-sYCC enumerated colourspace
12 JPEG 2000 Extensions codestream as restricted by baseline conformance reguiréments in clause M.9.2.3
13 YPbPr(1125/60) enumerated colourspace
14 YPbPr(1250/50) enumerated colourspace
15 Codestream contains a JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
16 Codestream contains a Sub-baseline profile J’PEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
17 Codestream contains a Baseline profile JPEG XR (Rec. ITY-T T.832 | ISO/IEC 29199-2) compliant bitstream.
18 Codestream contains a Main profile JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
19 Codestream contains an Advanced profile JPEG XR(Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
80 Pixel format "Fixed Point™ is used.
1 Pixel format "Floating Point" is used.
82 Pixel Formats "Mantissa" or "Exponent*are used.
83 Compositing layer uses IEC 61966-2-2 (SCRGB) enumerated colourspace
4 Block Coder Extensions (Annex: P)
5 Compositing layer uses SCRGB'gray scale (IEC 61966-2-2 based) enumerated colourspace
86 JPEG 2000 codestream-capabilities specified in Rec. ITU-T T.814 | ISO/IEC 15444-15
The format of the contents ofithe Reader Requirements box is given it Table M.15.
Table M.15 — Format of the contents of the Reader Requirements box
Field name Size (bits) Value
ML 8 1,2,40r8
FUAM 8- ML Variable
DCM 8. Ml \ariable
NSF 16 0-65 535
SFi 16 0-65 535
SMi 8- ML Variable
NVF 16 0-65 535
VFi 128 Variable
VMi 8- ML Variable
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M.11.2 Data Reference box

The Data Reference box contains an array of URL's which are referenced by this file. Many of these references will be
from Fragment Table boxes, specifying the location of the codestream fragments. Other references will be from Cross-
Reference boxes. A JPX file shall contain zero or one Data Reference boxes, and that Data Reference box shall be at the
top level of the file; it shall not be in any superboxes.

The Data Reference box is not a superbox because it does not contain only boxes.
The type of the Data Reference box shall be 'dtbl' (0x6474 626C), and its contents shall be as follows (see Figure M.8):

[ NDR-T
DR~

NDR DR

T.801(21)_FM.8
Figure M.8 — Organization of the contents of a Data Reference box

NDR:  Number of data references. This field specifies the number of data referencesjand thus the numier of
URL boxes contained within this Data Reference Box.

DRI Data Reference URL. This field contains a Data Entry URL box, as‘defined in Rec. ITU-T T.B0O |
ISO/IEC 15444-1, clause 1.7.3.2. However, in this context, the Logation field in the box is not spgcific
to UUID Info Boxes. The meaning of the URL is specified in the-context of the box that refers o the
particular entry in the Data Reference box.

The indices of the elements in the array of DRI fields is/k based; a data reference of 1 in a DRi[field
within a Fragment List box specifies the first Data Reference URL contained within the [Data
Reference Box. A data reference value of 0 is a special case that indicates that the reference is tq data
contained within this JPX file itself.

The format of the contents of the Data Reference box is,given in Table M.16.

Table M.16 — Format of the contents of the Data Reference box

Field name Size (bits) Value
NDR 16 0-65 535
DRI Variable Variable

M.11.3 Fragment Table box (superbox)

A Frpgment Table box specifies\thie location of one of the codestreams in a JPX file. A file may contain zero or fnore
Fragment Table boxes. For the purpose of numbering codestreams, the Fragment Table box shall be considered equivialent
to a Contiguous Codestreatm-box. Fragment Table boxes shall be found only at the top level of the file or within Multiple
Codgstream boxes; theyshall not be found within any other superboxes.

The fype of the Fragment Table box shall be ‘ftbl' (0x6674 626C), and its contents shall be as follows (see Figure M.9):

Flst

T.801(21) FM.9

Figure M.9 — Organization of the contents of a Fragment Table box
Flst: Fragment List. This field contains a Fragment List box as specified in clause M.11.3.1.

M.11.3.1 Fragment List box

The Fragment List box specifies the location, length and order of each of the fragments that, once combined, form a valid
and complete data stream. Depending on what box contains this particular Fragment List box, the data stream forms either
a codestream (if the Fragment List box is contained in a Fragment Table box) or shared header or metadata (if the
Fragment List box is contained in a Cross-Reference box).
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If this Fragment List box is contained within a Fragment Table box (and thus specifies the location of a codestream), then
the first offset in the fragment list shall point directly to the first byte codestream data; it shall not point to the header of
the box containing the first codestream fragment.

If this Fragment List box is contained within a Cross-Reference box (and thus specifies the location of shared header or
metadata), then the first offset in the fragment list shall point to the first byte of the contents of the referenced box; it shall
not point to the header of the referenced box. However, if the referenced box is a superbox, then the offset of the first
fragment does point to the box header of the first box contained within the superbox.

For all other offsets in the Fragment List box, the offsets shall point directly to the first byte of the fragment data and not
to the header of the box that contains that fragment.

In addition, an offset within any Fragment List shall not point into a Binary Filter box. IT the JPX Tile does contain ohe or
morg Binary Filter boxes, then all offsets in all Fragment list boxes shall be interpreted with respect to the length-df the
BinaJy Filter boxes, as stored in the file, not the length of the data after the application of the filter.

The type of the Fragment List box shall be flst' (0x666C 7374) and it shall have the following contents (see Figure M.10):

o «
0 0 0 \
NF OFF LEN DR
NF-1 NF:-1 NF-1
OFF LEN DR T.801(21)_FM.10

Figure M.10 — Organization of the contents of a Fragment List box

NF: Number of fragments. This field specifies the number of fragments used to contain the data stjeam.
The number of {OFF, LEN, DR} tuples in the Fragment list box shall be the same number as the
value of the NF field.

OFF:  Offset. This field specifies the ‘offset to the start of the fragment in the specified file. The offet is
relative to the first byte of(the file (for example, the first byte of the length field of the JPEG p000
signature box header for a*JPX file). This field is encoded as a 64-bit unsigned integer.

LENI:  Length of fragment,This field specifies the length of the fragment. This value includes only the actual
data and not any hieaders of an encapsulating box. This field is encoded as a 32-bit unsigned intgger.

DRI Data reference? This field specifies the data file or resource that contains this fragment. If the yalue
of this field’is zero, then the fragment is contained within this file. If the value is not zero, thep the
fragment’is contained within the file specified by this index into the array of DR! fields in the [Data
Reference box, where an index value of 1 indicates the first element in the array. This field is engoded
as-& 16-bit unsigned integer.

The format of the contents of the Fragment List box is given in Table M.17.

Table M.17 — Format of the contents of the Fragment List box

Parameter Size (bits) Value
NF 16 0-65 535
OFFi 64 12-(25%4-1)
LEN 32 0-(232-1)
DRi 16 0-65 535

M.11.4 Cross-Reference box

If a JPX file contains multiple codestreams or compositing layers, it may be useful to share header and metadata
information between those codestreams or compositing layers to minimize file size. One mechanism to share such data is
to place a cross-reference to the actual metadata or header box into the Codestream Header or Compositing Layer Header
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box in place of the actual data. This is done using a Cross-Reference box. A JPX file may contain zero or more Cross-
Reference boxes, and the Cross-Reference boxes shall be found only within Codestream Header boxes, Compositing
Layer Header boxes, or Association boxes. Also, a Cross-Reference box shall not point to another Cross-Reference box.
Also, because the Cross-Reference box contains a field followed by a box, the Cross-Reference box is not a superbox.

The type of the Cross-Reference box shall be 'cref' (0x6372 6566) and it shall have the following contents (see

Figu

M.1

The
file g
shall

box gloes not specify a Colaurspace specification, then a reader shall apply the Colourspace Specification contained w

the J

Also
Head
M.1]

Also
supe

re M.11):

Flst

Rtyp

T on4(n4 g aq
3 T

Figure M.11 — Organization of the contents of a Fragment table box

Rtyp:  Referenced box type. This field specifies the actual type (as would be found in the, FBox field

attempt to locate a physically stored box header for the box represented by this cross-reference
as it is legal to use a Cross-Reference box to create a new box that is not contiguously contain
other locations within this or other files, and thus the box header will not.exist.

flst: Fragment List box. This box specifies the actual locations of the-fragments of the referenced
When those fragments are concatenated, in order, as specified hy-the Fragment List box defin
the resulting byte-stream shall be the contents of the referenced box and shall not include the
header fields. However, if the referenced box is a superbox(then the offset of the first fragment
point to the box header of the first box contained within’the superbox. The format of the Frag
List box is specified in clause M.11.3.1.

The format of the contents of the Cross-Reference box is given in Table M.18.

Table M.18 — Format of the contents of the Cross-Reference box

Parameter Size (bits) Value
Rtyp 32 0-(232-1)
flst Variable Variable

1.5 JP2 Header box (superbox)

JP2 Header box is syntactically-~tinchanged from the structures defined in the JP2 file format. However, if the
ontains multiple codestreams or’'multiple compositing layers, then any boxes contained within the JP2 Heade
be considered as defaults<for-all codestreams and compositing layers. For example, if a Compositing Layer Hg

P2 Header box to that'particular compositing layer.

er box and Bits Per Component box contained within the JP2 Header box shall follow the rules defined in ¢
5.1 and M.11.5.2 respectively.

box.

rhox)» However, certain fallback positions, such as the JPX baseline definition, may restrict the placement o

nan

actual box header) of the box referenced by this Cross-Reference box. Howeverya reader shall not

box,
bd in

box.
tion,

box
does
ment

JPX
box
ader
ithin

if the JP2 Headerbox specified default information for any codestreams, then the semantic relationship of the Ifnage

ause

the JRXfile format allows the JP2 Header box to be located anywhere at the top-level of the file (but not withip any

this

In ar{rlifinh, if this file does not Fegh nre the 1P2 Hoadoer hox to meet the rnqllirnmnnfc of a fallhack pncifinn’ nor

does

it use the JP2 Header box to specify default information for multiple compositing layers or codestreams, then this box

may

be omitted from the file.

M.11.5.1 Image Header box

The format and structure of the Image Header box is identical to that defined in clause 1.5.3.1 in Rec. ITU-T T.800 |
ISO/IEC 15444-1 in the JP2 file format. However, the additional values of the fields within that box are defined for the
JPX file format. In a JPX file, this box may be found either within the JP2 Header box or within a Codestream Header

box.

The type of the Image Header box shall be 'ihdr' (0x6968 6472) and contents of the box shall have the following format
(see Figure M.12):
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@) @]
E|v |2 E

HEIGHT WIDTH NC -
T.801(21)_FM.12

Figure M.12 — Organization of the contents of an Image Header box
HEIGHT:  Image area height. The value of this field is identical to that defined for the JP2 file format.

WIDTH: Image area width. The value of this field is identical to that defined for the JP2 file format.
NC: Number of components. The value of this field is identical to that defined for the JP2 file format.
BPC: Bits per component. This parameter identifies the bit depths and signed/unsigned characteristics ¢f the

component sample values reconstructed from the codestream, stored as a 1-byte field as defined in'rable
M.20. If the components vary in bit depth or signed/unsigned characteristics, then the value.of thig field
shall be 255, and the superbox that contains this Image Header box (either the JP2,'Header box, a
Codestream Header box or Compositing Layer Extension Box) shall contain a Bits Rer Componerjt box
defining the bit depth and signed/unsigned characteristics of each component. Ifiall components|have
the same bit depth and signed/unsigned characteristics, the BPC parameter identifies the bit depth and
signed/unsigned characteristics for all components and has the same interpretation to the |BPC'
parameters, as explained in connection with the Bits Per Component box.in clause M.11.5.2.

If the bit depth is the same for all components, then this parameter specifies that bit depth and
shall be equivalent to the bit depth specified within the egdestream using the data structures
defined for that particular codestream format. If the components vary in bit depth, then the yalue
of this field shall be 255, and the superbox that contains‘this Image Header box (either th¢ JP2
Header box or a Codestream Header box) shall coftain a Bits Per Component box defininp the
bit depth of each component (as defined in clause\l/5.3.2 in Rec. ITU-T T.800 | ISO/IEC 19444-
1 in the JP2 file format). Components should.bé considered to have different bit depths if gither
the magnitude or sign of the bit depth of the'components differ.

The low 7-bits of the value indicate the bit depth of the components. The high-bit indifates
whether the components are signed or.unsigned. If the high-bit is 1, then the components cohtain
signed values. If the high-bit is 0;-then the components contain unsigned values.

C: See Table M.19.

Table M.19 — Legal C values

Malue Meaning

0 Uncompressed. Picture data:is stored in component interleaved format, encoded at the bit depth as specified by the BPC fjeld.
This value is only permitted for codestreams where all components are encoded at the same bit depth. When the bit depth of gach
component is not a multiple of 8, component values shall be packed into bytes so that no bits are unused between compongnts.
However, the value-of the first component of each sample shall begin on a byte boundary and padding bits having value fero
shall be inserted after-the last component of the sample as necessary to fill out the remaining bits to the next byte boundary. VWWhen
multiple component values are packed into a byte, the first component shall appear in the most significant bits of the byte. WWhen
a componentiSlarger than a byte, its most significant bits shall appear in earlier bytes.

Rec. ITU-F'T .4, the basic algorithm known as MH (Modified Huffman). This value is only permitted for bi-level imades.

Rec.\I'TU-T T.4, commonly known as MR (Modified READ). This value is only permitted for bi-level images

Ree’ ITU-T T.6, commonly known as MMR (Modified Modified READ). This value is only permitted for bi-level imapes.

Rec. ITU-T T.82 | ISO/IEC 11544. Commonly known as JBIG. This value is only permitted for bi-level images

AW IN|-

Rec. ITU- T T.81 | ISO/IEC 10918 1 or Rec. ITU-T T.84 | ISO/IEC 10918-3. Commonly known as JPEG. This

HRaae-ctragna claall te +l’\r\ S\VHAta afintorchanan £ + for conn data oo oo I'fled
€Ot essecHage-Strear-shaH-cot ) RE-Sy Rt eHtereRaRgeTorhatTof uv.u,.n\,u.mu HRage-aatoaS-Spee

in the aforementioned standards. ThIS value is only permitted for continuous tone, greyscale or colour images.

JPEG-LS.

JPEG 2000 compression (as defined by ISO/IEC 15444).

JBIG2.

||V

Rec. ITU-T T.82 | ISO/IEC 11544. Commonly known as JBIG. This value is permitted for any image permitted by the
JBIG standard.

10 Rec. ITU-T T.45 (run length coding, used in Rec. ITU-T T.805 | ISO/IEC 15444-6)

11 JPEG XR (as defined by Rec. ITU-T T.832 | ISO/IEC 29199-2)

12 JPEG XS (as defined in ISO/IEC 21122-1)

All other values reserved.
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UnkC: Colourspace Unknown. The value of this field is identical to that defined for the JP2 file fo

rmat.

IPR: Intellectual Property. This parameter indicates whether this JPX file contains intellectual
property rights information that is associated with the codestream or codestreams described by
this Image Header box. If the value of this field is 0, those codestreams do not have associated
rights information. If the value is 1, then those codestreams do have associated rights

information. Other values are reserved.

Table M.20 - BPC and BPC' parameters

)

M.1
The

component, using a 1-byte field for each component, as defined in Table M.20. This box is optional and is only req
in cagse the bit depths varies between components.

The
TT.

The

= T O

OO

bdestream. In case an extended Rec. ITU-T T.801 | ISO/IEC 15444-2 multiple component transformation is used, the comp,
e numerical interpretation of the component sample values depends not{enly upon the bit depth and signed/uns
naracteristics identified by BPC or BPCi, but also on the number of fraction Kits)or mantissa bits, as supplied via the Pixel F
px. The Bits Per Component box then only specifies the total number of Bits required to represent the data and whether thg
signed or unsigned

|.5.2 Bits Per Component box

Bits Per Component box specifies the bit depth and_signed/unsigned characteristics of each fully decomprg

structure of this box is identical to that defined in clause 1.5.3.2 in the JP2 file format specified in Rec.
BOO | ISO/IEC 15444-1.

Format of the contents of the Image-Header box is given in Table M.21.

Table'N21 — Format of the contents of the Image Header box

Values (bits) o £ Lo PP le Pronici

MSB LSB U\JIIIHUIICIII. \J(AIII'JIC rurrrmac ariua \JMIIIlJIC T TCUIoTurt

000 0000 Component bit depth = value + 1. From 1 bit deep through 38 bits deep respectively (counting the sign| bit,

- if appropriate)

010 0101

DxxXX XXXX Components are unsigned

1 XXX XXXX Components are signed

1111 1111 Component bit depths vary (Bits Per Component Box only)
gll other values Reserved for future use
NOTE - For codestreams conforming to Rec. ITU-T T.80x | ISO/IEC 15444-x (JPEG 2000)this is the bit depths after any irjverse
nultiple component transformation or reverse non-linearity transformation extension¢has~been applied to components in the

pnent

t depths does not necessarily match the data in the SIZ marker of the codestream. For, fixed point and floating point pixel formats,

gned
brmat
data

ssed
lired

ITU-

Field'name Size (bits) Value
HEIGHT 32 1-(232-1)
WIDTH 32 1-(232-1)

NC 16 1-16 384
BPC 8 See Table M.20
Cc 8 Compression Type,
see Table M.19
omke 8 =t
IPR 8 0-1

M.11.6 Codestream Header box (superbox)

The Codestream Header box specifies header and metadata information for a codestream contained within the JPX file in
order to create a set of channels. All Codestream Header boxes shall be located either at the top-level of the file (not within
any superbox) or within a Compositing Layer Extensions box (see clause M.11.21). All top-level Codestream Header
boxes shall precede any Compositing Layer Extensions boxes within the file.

Both codestreams and codestream headers are numbered separately, starting with 0. Codestream header i provides header
information for codestream i. Each top-level Codestream Header box corresponds to exactly one codestream header,
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meaning that box i specifies header information for codestream i, starting from i=0. Each Codestream Header box found
within a Compositing Layer Extensions box corresponds to Mjclx additional codestream headers (for Mjclx additional
codestreams), where Mjclx is the repetition factor associated with the Compositing Layer Extensions box. The
determination of indices for these additional codestream headers is described in clause M.11.21.

If Codestream Header boxes appear anywhere in the file, the number of codestreams found in the file shall be the same
as the number of available codestream headers. In the event that there are no Codestream Header boxes, then the header
information for all of the codestreams shall be taken to be the default header information contained within the JP2 Header
box.

For the codestreams, the numbering shall consider Contiguous Codestream boxes, Fragment Table boxes and Multiple
Codestream hoxes _Faor mmmlnlp’ if a file contains twao (‘nnfigllnl 1s Codestream haxes_followed hy a Fragment Table box,
followed by another Contiguous Codestream box and two Multiple Codestream boxes, each with two codestreamg, the
JPX [file contains eight codestreams, where the codestreams contained directly in the first two Contiguous €odestfeam
boxes are numbered 0 and 1, the codestream pointed to by the Fragment Table box is numbered 2, thecodestfeam
contgined within the last Contiguous Codestream box is numbered 3, and the codestreams contained‘within the first
(respectively second) Multiple Codestream box are numbered 4 and 5 (respectively 6 and 7).

The type of a Codestream Header box shall be 'jpch' (0x6A70 6368). The contents of a Codestream Header box|is as
follopws (see Figure M.13):

T.801(21)_FM.13
Figure M.13 — Organization of the contents of a-Codestream Header box

label:  Label box. This box specifies a label for this codestream. Its structure is specified in clause M.1{1.13.

ihdr: Image Header box. This box specifies information about this codestream, such as its height and width.
Its structure is specified in clause M.11.5:1:If the JP2 Header box contains an Image Header box that
accurately specifies this codetream, thén it is not required that this Codestream Header box coptain
an Image Header box. Otherwise, this-Codestream Header box shall contain an Image Header bgx. In
addition, if the IPR flag in the Image Header box is set to 0, indicating no intellectual property rights
information is specified for_this-codestream, then this Codestream Header box shall not contajn an
IPR box, and the reader shallnot apply the contents of an IPR box at the top level of the file tg this
codestream.

bpcc:  Bits Per Component bex. This box specifies the bit depth of each component in the codestream [after
decompressionAHs:structure is specified in clause M.11.5.2.

pclr: Palette box.\This box defines the palette to use to create multiple components from a sjngle
componeft.)lts structure is specified in clause 1.5.3.4 in Rec. ITU-T T.800 | ISO/IEC 15444-1 qf the
JP2 file-format.

cmap: Component Mapping box. This box defines how image channels are identified from the actual
components in the codestream. Its structure is specified in clause 1.5.3.5 in Rec. ITU-T T.800 |
ISO/IEC 15444-1 of the JP2 file format.

roig: ROI Description box. This box describes regions of interest within this codestream. These ROIgmay
or may not be directly associated with coded ROIs in the codestream. Its structure is defined in clause
M.11.16.

The Codestream Header box may also contain other metadata boxes, including an IPR box, or cross-references to other
boxes. If the Codestream Header contains a cross-reference, then the box pointed to by the cross-reference shall be
considered as if it was physically stored in this Codestream Header box.

Also, if any of these boxes are contained within the JP2 header box and are not contained within this Codestream Header
box, then those boxes should also be applied to this codestream.

M.11.7 Compositing Layer Header box (superbox)

The Compositing Layer Header box specifies header and metadata information for a compositing layer in the JPX file.
All Compositing Layer Header boxes shall be located either at the top-level of the file (not within any superbox) or within
a Compositing Layer Extensions box (see clause M.11.21). All top-level Compositing Layer Header boxes shall precede
any Compositing Layer Extensions boxes within the file.
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Each top-level Compositing Layer Header box corresponds to exactly one compositing layer, meaning that box i specifies
header information for layer i, where layers are numbered starting from i=0. Each Compositing Layer Header box found
within a Compositing Layer Extensions box corresponds to Mjclx additional compositing layers, where Mijclx is the
repetition factor associated with the Compositing Layer Extensions box. The indexing of these additional compositing
layers is described in clause M.11.21.

The type of a Compositing Layer Header box shall be 'jplh' (0Ox6A70 6C68). The contents of a Compositing Layer Header
box is as follows (see Figure M.14):

label cgrp opct édef creg res prm

T.801(21)_ FM.14
Figure M.14 — Organization of the contents of a Compositing Layer Header box

label:  Label box. This box specifies a label for this compositing layer. Its structuretis-Specified in clause
M.11.13.

cgrp:  Colour Group box. This box contains the complete colourspace speCification (represented foy a
sequence of colour specification boxes) for this compositing layer. ItSsstructure is specified in cjause
M.11.7.1. If neither this box nor a cross-reference to another Colour'Group box are found withip the
Compositing Layer Header box, then the default value of the~colourspace specification foi this
compositing layer shall be the set of individual Colour Specification boxes found within thg JP2
Header box. These Colour Specification boxes shall not be ‘encapsulated within a Colour Group|box.

opct: Opacity box. This box specifies that this compositingdayer uses a simple opacity mode. Its strufture
is specified in clause M.11.7.6. If the Compositing“lcayer Header box contains an Opacity box,|then
it shall not contain a Channel Definition box, and any default Channel Definition box in thg JP2
Header box shall be ignored for this compositing layer.

cdef: Channel Definition box. This box definesithe channels in the image. Its structure is specified in clause
1.5.3.6 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file format. This box shall not be foynd if
this Compositing Layer Header box.ontains an Opacity box.

creg: Codestream Registration box. This box specifies the spatial registration between the codestrearns in
this compositing layer. Its structure is specified in clause M.11.7.7. If any Compositing Layer Hg¢ader
box contains a Codestream(Registration box, then every Compositing Layer Header box shall coptain
a Codestream Registratiof box.

res: Resolution box. This ‘box specifies the capture and default display resolutions of the imagg. Its
structure is speeified in clause 1.5.3.7 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file fofmat.

pxfm:  Pixel Format Box. This box defines the interpretation of the values in a channel as either integer,
floating_point or fixed point values. In the absence of this optional box, the bit patterns shall be
interpreted signed or unsigned integers whose bit depths are either defined by the Bits Per Compgnent
Box;7or the Image Header Box, or the Palette Box. The Pixel Format Box extends the channel
deseription of the Channel Definition Box, the Image Header Box and the Bits Per Component] Box
(if present). The structure of the Pixel Format Box is specified in clause clause M.11.7.8.

The Lompositing Layer Header box may also contain other metadata boxes, including an IPR box, or cross-referendes to
othelf boxeS 4 the Compositing Layer Header contains a cross-reference, then the box pointed to by the cross-refefence
shall|be considered as if it was physically stored in this Compositing Layer Header box.

Also, IT any of these boxes are contained within the JP2 header box and are not contained within this Compositing Layer
Header box, then those boxes should also be applied to this compositing layer.

M.11.7.1 Colour Group box (superbox)

A Colour group box contains a set of related, equivalent, colour specification methods. When interpreting the colourspace
of a codestream, any colour specification method contained within the specified Colour Group box may be used. This
box shall be found only within a Compositing Layer Header box. This encapsulation reduces the storage overhead of
sharing an entire set of colour specifications between layers.

A Colour Group box (or the JP2 Header box) shall not contain multiple Colour Specifications boxes with a METH value
of 1 (Enumerated method), or multiple boxes with a METH value of 2 (Restricted ICC method). A single colour group
may contain multiple Colour Specification boxes with a METH value of 3 (Any ICC method) or 4 (Vendor Colour
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method). Multiple ICC profiles (of the unrestricted variety) may be used to specify a particular colourspace with varying
degrees of complexity (1D LUT's vs 3D LUT's), and multiple Vendor Colour methods may be used to specify multiple
non-ICC based representations of the colourspace.

The JPX file may contain zero Colour Group boxes, which indicates that all compositing layers are in the colourspace
specified within the JP2 Header Box (through a set of Colour Specification boxes stored directly within the JP2 Header
boxes and not encapsulated within a Colour Group box).

However, if the file does not contain a colourspace specification within the JP2 Header Box (or does not contain the JP2
Header Box), then the JPX file shall contain at least one Colour Group box.

The type of a Colour Group box shall be 'cgrp' (0x6367 7270). The contents of a Colour Group box is as follows (see
Figufe M.I5):

CLR CLRE!

T.801(21)_FM.15
Figure M.15 — Organization of the contents of a Colour Group box

CLRE:  Colour Specification Box. This Colour Specification box specifies”one method by which the
colourspace of a particular codestream can be interpreted. The format of the Colour Specificatiof box
is specified in clause M.11.7.2

M.11.7.2 Colour Specification box

Each Colour Specification box defines one method by which an applieation can interpret the colourspace df the
decompressed image data. This colour specification is to be. applied to the channel values interpreted
accqrding to the Pixel Format Box (see clause M.11.7.8) andvassociated to colours according to the Chgnnel
Defipition Box (see clause M.11.7.5). This association is:to-be interpreted using the value MAX for each colour
channel i, as given by Table M.26, in combination with\the relevant colourspace definition.

In Thble M.24bis, BPCi is used to denote the value of the B field of the Palette Box (see clause 1.5.3.4 of|Rec.
ITU{T T.800 | ISO/IEC 15444-1) if channel i is the@utput of a palette column j, or the value of the Bits Per Compgnent
Box [BPCI if channel i is the direct output of component j, or the value of the BPC field of the Image Header Box [if no
Bits Per Component Box is present. The pixel-format F' in this table is either the format indicated in the Pixel Formai Box
(see plause M.11.7.8) if it is present, or shallbe signed or unsigned integer in the absence of the Pixel Format Box.

If the colourspace is defined by an IGC\profile, the input channels should carry unsigned values; usage of signed samples
is digcouraged and currently not defined by the ICC. The values x! for channel i, interpreted according to the Pixel Fqrmat
Box,|shall be mapped to device Golour values d', as follows.

d' = Dmax' - xi/ MAX/,
Herd, Dmax' is the maximum input value associated with the relevant ICC tone reproduction curve and MAX' degends
on the pixel format/F as given by Table M.24bis.

For ¢numerated-colourspaces for which the format of the EP field is specified, the mapping from channel values X' to
devige colour-values d' is defined in the corresponding definition of the EP field, see clause M.11.7.4.

NOTE_ I{— Currently, only the CIELab and CIEJab enumerated colourspaces define a format for the EP field of the Colour
Specification box.

For all other colourspaces, if the values x! for channel i, are unsigned quantities, they shall be mapped to colour values d
according to

d' = Dmin' + (Dmax' — Dmin’) - X'/ MAX',
for the purpose of establishing a correct interpretation with respect to the colourspace. Here, Dmin' and Dmax' are the minimum
and maximum allowed values for the relevant colour channel, in the numerical framework used to define the colourspace. If,
however, the values x' for channel i, are signed quantities, they shall be mapped to colour values d' according to

d' = Dzero' + (Dmax' — Dzero') - x' / MAX],

for the purpose of establishing a correct interpretation with respect to the colourspace. Here Dmax' is again the maximum
allowed value for the relevant colour, in the numerical framework used to define the colourspace, while Dzero' is the
value of channel i in the representation of the colour that corresponds to the absence of any scene radiance, the complete
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absorption of visible light or the achromatic level, if this interpretation is applicable and all channel values are uniquely

defined in this case. Otherwise, the pixel format F' and the channel precision BPC' of all channels i shall be selected such

that they match the numerical framework used to define the colourspace and scaling does not take place.
NOTE 2 — The CIELab and CIEJab colourspaces uses both positive and negative values to represent colours. However, since
clause M.11.7.4 defines EP fields that fix the interpretation and scaling of channel values to device colour values, the scaling
procedure defined in this clause will not take place. Instead, clause M.11.7.4 defines the required procedure. As a second example,
the YCbCr(2) colourspace provides unique sample values for the absence of light, namely (0,128,128), and hence Dzero®=0, and
Dzero'=Dzero?=128. Thus, when storing signed instead of unsigned values in the codestream, the chroma components are encoded
without an offset and stored as unbiased signed values.

Colour Specification boxes may be found in either the JP2 Header box or in Colour Group boxes. In total, a JPX file may

cont it Caolariy Snncificatinn hovac and athar tha 1D92 Llaadar has Aoy o narticnlar Calony Crann hay mav, o0 tain
o P - o OOt O p e CHEat BB oXE SRR et tHe o ettt B o O prrtretatoOtou—otrBup-uoxtHay -6

multjple Colour Specification boxes. However, all JPX files shall contain at least one Colour Specification box.

The box type and binary structure of a Colour Specification box is identical to that defined in the JP2 file format.-Howgver,
to clarify the extensibility of the box with respect to defining new colour specification methods, the way in"which it is
descfibed is changed within JPX. The contents of a Colour Specification box is as follows (see Figure|\M.16):

>
E Ol O
o | 2| & [METHDAT
= & [
<
T.801(21)_FM.16

Figure M.16 — Organization of the contents of a ColourSpecification box
METH: Specification method. This field specifies the methodused by this Colour Specification box to define

the colourspace of the decompressed image. This.field is encoded as a 1-byte unsigned integer| The
legal values of the METH field are as shown in.Table M.22.

Table M.22 — Legal METH values

Value Meaning

il Enumerated method. This Colour Specification box indicates that the colourspace of the codestream is specified by an
enumerated integer code. The definition of the format of this method is identical to the Enumerated Method in JP2.
However, the JPX file format defineS additional enumerated values as specified in clause M.11.7.3.1, as welll as
additional parameters for some engmerated colourspaces as specified in clause M.11.7.4.

nNo

Restricted ICC method. This Colour Specification box indicates that the colourspace of the codestream is specifiefl by
an embedded ICC profile of.testricted type. The definition of and format of this method is identical to the Restrigted
ICC method defined in the JP2 file format, clause 1.5.3.3 in Rec. ITU-T T.800 | ISO/IEC 15444-1.

§ Any ICC method. This-Colour Specification box indicates that the colourspace of the codestream is specified by an
embedded input ICC profile. Contrary to the Restricted ICC method defined in the JP2 file format, this method allpws
for any input ICC-profile, defined by ISO/IEC 15076-1. The binary format of the METHDAT field is specified in clguse
M.11.7.3.2.

a Vendor €olour method. This Colour Specification box indicates that the colourspace of the codestream is specifiedl by
a unique'vendor defined code. The binary format of the METHDAT field is specified in clause M.11.7.3.3.

Pafameterized colourspace. This Colour Specification box indicates that the colourspace of the codestream is
parameterized as specified in Rec. ITU-T H.273 | ISO/IEC 23091-2. The binary format of the METHDAT field is
specified in clause M.11.7.3.4.

OT

All other values reserved. For any v.

alue of the METH field, the length of the METHDAT field may not be 0, Jand
iele-id not

annli

PREC: Precedence. This field specifies the precedence of this Colour Specification box, with respect to
the other Colour Specification boxes within the same Colour Group box, or the JP2 Header box
if this Colour Specification box is in the JP2 Header box. It is suggested, but not required, that
conforming readers use the colour specification method that is supported with the highest
precedence. This field is specified as a signed 1-byte integer.

APPROX:  Colourspace approximation. This field specifies the extent to which this colour specification method
approximates the “correct” definition of the colourspace. An example of approximation of a
colourspace specification may be increased quantization in look-up tables or rounding in matrix
coefficients. This field is specified as 1-byte unsigned integer. Legal values of this field are as follows:
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Contrary to the APPROX field in a JP2 file (a file with "jp2\040" in the BR field in the File Type
box), a value of 0 in the APPROX field is illegal in a JPX file (a file with "jpx\040" in the BR
field in the File Type box). JPX writers are required to properly indicate the degree of
approximation of the colour specification to the correct definition of the colourspace. This does
not specify if the writer of the file knew the actual colourspace of the image data. If the actual
colourspace is unknown, then the value of the UnkC field in the Image Header box shall be set
to 1 and the APPROX field shall specify the degree to which this Colour Specification box
matches the correct definition of the assumed or target colourspace.

In addition, high values of the APPROX field (indicating poor approximation) shall not be used
to hide that the multiple Colour Specification boxes in either a Colour Group box or the JP2

Header box—actuatty Tepresemtdifferenttotourspaces, the—specificatiomof muitiptedifferent

colourspaces within a single Colour Group box is illegal.

Table M.23 — Legal APPROX values

alue Meaning

1 This colour specification method accurately represents the correct definition of the colourspace

2 This colour specification method approximates the correct definition of the colourspace with exceptional quality
3 This colour specification method approximates the correct definition of the colourspdce with reasonable quality
4 This colour specification method approximates the correct definition of the eolourspace with poor quality

All other values reserved

The

Format of the contents of the Colour Specification box is given in Table'M.24.

Table M.24 — Format of the contents of the,Colour Specification box

Field name Size (bits) Value
METH 8 1-4
PREC 8 -128-127

APPROX 8 1-4

METHDAT Variable Variable

Table M.24bis — Nominal maximum sample values

Pixel Format F' and MAX
Channel Signedness
unsigned, integer 2BPCH —q
(BPCL%.128)
signed;-integer 2BPC-128
(BPC' > 128)
unsigned, fixed point 1.0
(BPCi < 128)
signed, fixed point 1.0
(BRPCi > 128)
unsigned, floating point 1.0
(BPC! < 128)
signed, floating point 1.0
(BPC' > 128)

NOTE 1 — It is colourspace dependent whether the full range of available samples is meaningful. Specifically, the range
of meaningful inputs for signed data might be non-symmetric. Both fixed point and floating point pixel formats allow the
representation of data that is out of range. For most applications, clipping such values into range may be an appropriate
strategy to handle them when converting to other formats.

NOTE 2 — Fixed point values can be interpreted as integer values after scaling by 29/, where the value of Qi is given by
the low 12 bits of the F' field of the Pixel Format box. The fixed point value 1.0 given in Table M.26 is thus represented
by an integer value of 29,
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M.11.7.3 METHDAT field specifications in the Colour Specification box

The following subclauses define the fields and values that make up the METHDAT field for each defined colour
specification method.

M.11.7.3.1 METHDAT values for the Enumerated method

The contents of the METHDAT field for Colour Specification boxes using the Enumerated method is defined as follows
(see Figure M.17):

EP
EnumCS

T.801(21)_FM.17

Figure M.17 — Organization of the contents of the METHDAT field for the Enumerated methed

EnumcCsS: Enumerated colourspace. This field specifies the colourspace of the image using an integer

ode.

To correctly interpret the colour of an image using an enumerated colourspace, the applichtion

has to know the definition of that colourspace internally. This field conhtains a 4-byte big e
unsigned integer value indicating the colourspace of the image. ValidyEnumCS values are
values defined for the Enumerated method in the JP2 file format and.the values defined as fo

(Table M.25).

Table M.25 — Additional legal EnumCS values

dian
Those

lows

alue Meaning

Bi-level: This value shall be used to indicate bi-level image$:Each image sample is one bit: 0 = white, 1 = black.

3 x 3 matrix transformation that can be used te;convert these samples into RGB.

YC,C(1): This is a format often used for data that originated from a video signal. The colourspace is based on
ITU-R BT.709-4. The valid ranges of the YC,,C, campohents in this space is limited to less than the full range [that
could be represented given an 8-bit representation. Rec. ITU-R BT.601-5 specifies these ranges as well as defires a

Rec.

transformation that can be used-to convert these samples into RGB.

YCC,(2): This is the most commonly used-format for image data that was originally captured in RGB (uncalibrpted
format). The colourspace is based on Re¢.dTU-R BT.601-5. The valid ranges of the YC,,C, components in this space
is [0, 255] for Y, and [-128, 127] for€;, and C, (stored with an offset of 128 to convert the range to [0, 255]). These
ranges are different from the ones.defined in Rec. ITU-R BT.601-5. Rec. ITU-R BT.601-5 specifiesa 3 x 3 m

trix

3 x 3 matrix transformation that can be used to convert these samples into RGB.

YC,C,(3): This is a format-often used for data that originated from a video signal. The colourspace is based on
ITU-R BT.601-5. The'valid ranges of the YC,C, components in this space is limited to less than the full range [that
could be represented given an 8-bit representation. Rec. ITU-R BT.601-5 specifies these ranges as well as defirjes a

Rec.

also in Kodak Photo CD Information Bulletin PCD045.

PhotoY CC: This is the colour encoding method used in the Photo CDT™ system. The colourspace is based on
ITU-R BT-709 reference primaries. Rec. ITU-R BT.709 linear RGB image signals are transformed to non-lipear
R'G'B'“values to YCC corresponding to Rec. ITU-R BT.601-5. Details of this encoding method can be founf in
KodakPhoto CD products, A Planning Guide for Developers, Eastman Kodak Company, Part No. DC1200R |and

Rec.

11

100% ink coverage for a given component sample.

CMY: The encoded data consists of samples of Cyan, Magenta and Yellow samples, directly suitable for printing
on typical CMY devices. A value of 0 shall indicate 0% ink coverages, whereas a value of 2BPS-1 shall indigate

12

CMYK: As CMY above, except that there 1S also a black (K) Ink component. Ink coverage IS defined as above.

13

specified in Adobe Postscript.

YCCK: This is the result of transforming original CMYK type data by computing R = (2BPS-1)-C, G = (2BPS-
1)-M, and B = (2BPS-1)-Y, applying the RGB to YCC transformation specified for YC,C, (2) above, and then
recombining the result with the unmodified K-sample. This transformation is intended to be the same as that

14

Enumerated parameters are specified in the EP field as specified in clause M.11.7.4.1

CIELab: The CIE 1976 (L*a*b*) colourspace. A colourspace defined by the CIE (Commission Internationale de
I'Eclairage), having approximately equal visually perceptible differences between equally spaced points throughout
the space. The three components are L*, or Lightness, and a* and b* in chrominance. For this colourspace, additional

15

Bi-level(2): This value shall be used to indicate bi-level images. Each image sample is one bit: 1 = white, 0 = black.
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Table M.25 — Additional legal EnumCS values

Value

Meaning

18

SYCC as defined by IEC 61966-2-1.

NOTE — Use of the ICT or RCT specified in Rec. ITU-T T.800 | ISO/IEC 15444-1 Annex G is unhelpful with sYCC
image data. See Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause J.15, for guidelines on handling YCC codestreams.

19

CIEJab: As defined by CIE Colour Appearance Model 97s, CIE Publication 131. For this colourspace, additional

Enumerated parameters are specified in the EP field as specified in clause M.11.7.4.2.

20

e-SRGB: As defined by PIMA /66/.

21

ROMM-RGB: As defined by 1SO 22028-2.

22

YPbPr(1125/60): This is the well-known colour space and value definition for the HDTV (1125/60/2;1) systen
production and international program exchange specified by Rec. ITU-R BT.709-3. The Recommendation spec
the colour space conversion matrix from RGB to YPbPr(1125/60) and the range of values of each:component.
matrix is different from the 1250/50 system. In the 8-bit/component case, the range of values,of‘each compone
[1, 254], the black level of Y is 16, the achromatic level of Pb/Pr is 128, the nominal peak of Y is 235, and
nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these values are defined_in a-similar manner.

for
fies
The
Nt is
the

23

YPbPr(1250/50): This is the well-known colour space and value definition for the’HDTV (1250/50/2:1) systen
production and international program exchange specified by Rec. ITU-R BT.709:3."The Recommendation spec
the colour space conversion matrix from RGB to YPbPr(1250/50) and the rangelof values of each component.
matrix is different from the 1125/60 system. In the 8-bit/component case,«thé.range of values of each compone
[1, 254], the black level of Y is 16, the achromatic level of Pb/Pr is 128, the nominal peak of Y is 235, and
nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, thesevalues are defined in a similar manner.

for
fies
The
Nt is
the

24

e-sYCC: e-sRGB based YCC colourspace as defined by PIMA 7667:2001, Annex B.

25

SCRGB as defined by IEC 61966-2-2.

26

scRGB gray scale, using only a luminance channel but<the tone reproduction curves (non-linearities) define
IEC 61966-2-2.

by

All other values reserved.

EP:

The generic RGB and grayscale-8paces from the SPIFF file format are explicitly not inclided.

Applications wishing to transcode SPIFF images using colourspaces 8 and 10 should specify, w

ithin

the JPX file, the colourspaceidefinition that a reader shall use to unambiguously interpret the image

data. In many cases, thiswill be the SRGB or SRGB-greyscale spaces from JP2. In addition, th
writer should set the UnkC field in the Image Header box indicating that the actual colourspace
known.

Enumerated parameters. This field contains a series of parameters that augment the ge
colourspace (definition specified by EnumCS. Together, the EnumCS and EP fields describ
colourspace)and how that colour data has been encoded in the JPX file. For example, the CI
colourspace as described by Rec. ITU-T T.42 requires several parameters to describe the
encoding of the colour data. The format and value of the EP field is defined individually for
EnumcCS as required. If a value of EP is not defined for a particular value of EnumCS, then the I¢
of the EP field for that EnumCS value shall be zero, indicating that the EnumCS value alone desg
the colourspace or default values are used as defined by the referenced colourspace definition
format and values of the EP field are defined in clause M.11.7.4. However, the EP field shall b
last field in the Colour Specification box and shall be all bytes in the box following the EnumCS
to the end of the box.

b file
S not

heric
p the
ELab
ITU
each
ngth
ribes
The
e the
field

Table M.26 — Format of the contents of the METHDAT field for the Enumerated method

Field name Size (bits) Value
EnumCS 32 0-(232-1)
EP Variable Variable

M.11.7.3.2 METHDAT values for the Any ICC method

The contents of the METHDAT field for Colour Specification boxes using the Any ICC method is defined as follows
(see Figure M.18 and Table M.27):
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PROFILE

T.801(21)_FM.18

Figure M.18 — Organization of the contents of the METHDAT field for the Any ICC method

Profile:

ICC Profile. This field contains an ICC input profile as defined by ICC-1, specifying the
transformation between the decompressed code values and the PCS. Any input ICC profile, regardless

of profile class. may be contained within this field.

Table M.27 — Format of the contents of the METHDAT field for the Any ICC method

Field name Size (bits) Value

PROFILE Variable Variable

M.11.7.3.3 METHDAT values for the Vendor Colour method

The contents of the METHDAT field for Colour Specification boxes using the Vendot/Colour method is defin
follows (see Figure M.19):

ST 4

VCLR

VCLR:

VP:

Figure M.19 — Organization of the contents of the METHDAT field for the Vendor Colour method

Fable M.28 — Format of the contents of the METHDAT field for the Vendor Colour method

T.801(21)_FM.19

Vendor Defined Code. This field specifies-the colourspace of the image using a UUID. To corr
interpret the colour of an image using:a:Vendor defined colourspace, the application has to kno
definition of that colourspace internally. This field contains a 16-byte UUID indicating
colourspace of the image. These values are defined and shared by individual vendors and are ou
the scope of this Recommendation | International Standard.

Vendor parameters. This\field specifies a series of parameters that augment the generic colours
definition specified by~VCLR. Together, the VCLR and VP fields unambiguously describ
colourspace. The_format and value of the VP field is defined individually for each VCLR val
required. If a value of VP is not defined for a particular value of VCLR, then the length of th
field for that YCLR value shall be zero, indicating that the VCLR value alone unambigu
describes(the colourspace, or default values are used as defined by the referenced colours
definition: The format and values of the VP field are defined by each individual vendor colourg
defifitjon, and are outside of the scope of this Recommendation | International Standard. Howj
the VP field shall be the last field in the Colour Specification box and shall be all bytes in the
following the VCLR field to the end of the box.
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Field name Size (bits) Value
VCLR 128 Variable
VP Variable Variable

M.11.7.3.4 METHDAT values for the Parameterized method

The contents of the METHDAT field for Colour Specification boxes using the Parameterized method is defined as follows

(see Figure M.19bis and Table M.28bis):
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COLPRIMS
TRANSFC
MATCOEFFS
VIDFRNG
VIDFRNG_RSVD

T.801(21)_FM.19bis

Figure M.19bis — Organization of the METHDAT field for the Parameterized method

Table M.28bis — Format of the METHDAT field for the Parameterized method

Field name Size (bits) Value

COLPRIMS 16 One of the ColourPrimaries enumerated values specified in Rec.
ITU-T H.273 | ISO/IEC 23091-2. This field is encoded as a big-
endian unsigned integer.

TRANSFC 16 One of the TransferCharacteristics enumerated values specified in
Rec. ITU-T H.273 | ISO/IEC 23091-2. Thisfield is encoded as a
big-endian unsigned integer.

MATCOEFFS 16 One of the MatrixCoefficients enumerated values specified in Rec.
ITU-T H.273 | ISO/IEC 23091-2\ Fhis field is encoded as a big-
endian unsigned integer.

VIDFRNG 1 Value of the VideoFullRangeFlag specified in Rec. ITU-T H.273
| ISO/IEC 23091-2. This field is the most-significant bit of the last
byte of METHDAT.

VIDFRNG _RSVD 7 Reserved for future-use by ITU-T | ISO/IEC. This field are the 7

least-significant'bits of the last byte of METHDAT.

M.11.7.4 EP field format and values
This|field defines the format and values of the EP fields,for Colour Specification boxes using the Enumerated meth¢d. If
an EP field is not defined for a particular value of the)dEnumCS field, then the length of the EP field shall be zero.
M.11.7.4.1 EP field format for the CIELab colourspace
If th¢ value of EnumCS is 14, specifying. that the layer is encoded in the CIELab colourspace, then the format of the EP
field|shall be as follows (see Figure M.20):
RL QL RA 0A RB OB IL
T.801(21)_FM.20
Figure M.20 — Organization of the contents of the EP field for the CIELab (EnumCS = 14)
The RL, OL,sRA, OA, RB and OB fields describe how to convert between the unsigned values N, Na, Ny, as defingd by
Rec.|ITU-T(T.42, that are sent to the compressor or received from the decompressor and the signed CIELab valuep L*,
a*, *Cas defined by the CIE. The calculations from real values L*a*b* to values encoded in an integer, fixed point or
floatmgpoimtformat, whith are expressed by N NG Np, are made as fottows:
MAX | 2“092 MAX| |
Ne=—F b+ 5(BPCL AND OX7F)+1 xOL
MAX, - ollogs MAX, |
a="ga ® T (EPC, ANDOXTF)L xOA (M-18)
. [log MAX |
b = M b =2 0B
RB o(BPC, ANDOX7F)+1
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where MAX,, MAX, and MAXy, are the nominal maximum sample values according to Table M.26 for the channels
carrying the L, a" and b”" data and BPCy are the bits per component values for channel x as found in the Image Header
Box, the Bits Per Component Box or the Palette Box. The brackets [] indicate rounding up to the next integer. The
numerical values of MAX,, MAX, and MAX; depend on the Image Header box, the Bits Per Component Box, the Palette
Box and the Pixel Format Box as explained in clause M.11.7.2.

The IL field specifies the illuminant data used in calculating the CIELab values.

RL:

OL.:

Range for L*. This field specifies the RL value from Equation M-18
endian unsigned integer.

Offset for L*. This field specifies the OL value from Equation M-18

. It is encoded as a 4-byte big

. It is encoded as a 4-byte big

RA:

OA:

RB:

OB:

P H Aot
Criurdrit UIIDIUIIUU IIILCUCI.

Range for a*. This field specifies the RA value from Equation M-18
endian unsigned integer.

Offset for a*. This field specifies the OA value from Equation M-18
endian unsigned integer.

Range for b*. This field specifies the RB value from Equation M-18
endian unsigned integer.

Offset for b*. This field specifies the OB value from Equation M-18

endian unsigned integer

. It is encoded as a_4-bytg big
. It is encoded' as ‘a 4-bytg big
. It is encoded as a 4-bytg big

. Itis encoded as a 4-byte big

Illuminant. This field specifies the illuminant data used in calculating the CIELab values. Rather{than
specify the XYZ values of the normalizing illuminant, which\are used in calculating CIELal], the
specification of the illuminant data follows Rec. ITU-T T.4(Annex E. The illuminant data consigts of
4 bytes, identifying the illuminant. In the case of a standard illuminant, the 4 bytes are one gf the

following:
Table M.29 — Standard illuminant values for CIELab
IHluminant Standard IL field value
CIE Illuminant D50 0x0044 3530
CIE Illuminant D65 0x0044 3635
CIE Hlluminant D75 0x0044 3735
CIE lluminant SA 0x0000 5341
CIE Hluminant-SC 0x0000 5343
CIE Illuminant F2 0x0000 4632
CIE Wluminant F7 0x0000 4637
CIE-uminant F11 0x0046 3131

Whengthe-illuminant is specified by a colour temperature, then the 4 bytes consist of the string [CT',
followed by two unsigned bytes representing the temperature of the illuminant in degrees Kelvirj as a

2-hyte big endian unsigned integer. For example, a 7500K illuminant
0x4354 1DAC.

is represented by the 4 bytes

Wheh the EP-fields are omitted for the CIELab colourspace, then the following default values shall be used. The dgfault

L*, g4~ and b* range parameters RL, RA and RB are 100, 170 and 200. The default L*, a* and b* offset values depeqd on

the contents of the Pixel Format box, if present, and are specified in Table M.33. If the Pixel Format Box is not prdsent,

the table entries for signed or unsigned integer representations shall be used, depending on whether the channel is signed

or unsigned:

Table M.29bis — Default Offset VValues and Encoding of Offsets for the CIELab Colourspace

Pixel Format F' and
Channel Signedness oL OA OB
unsigned, integer BPCi BPCi—14.9BPCi—2
(BPCi < 128) 0 27 2T
signed, integer
(BPC' > 128) 0 0 0
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Table M.29bis — Default Offset VValues and Encoding of Offsets for the CIELab Colourspace

unsigned, fixed point BPCi BPCi__1, BPCi_2
(BPCi < 128) 0 2 T2
signed, fixed point
(BPC' > 128) 0 0 0
unsigned, floating point BPCi BPCi—149BPCi—2
(BPCi < 128) 0 2 e
signed,  floatin oint
(ng s 12, 9 P 0 0 0
NOJTE — The relation between the number of bits in channel i is given by (BPCi AND 0x7f)+1, thus a value of 28°Ci indicatef an
offset of half the available range for channel i. "AND" denotes here the bitwise binary AND operation of the two operands, sée plso
the Pefinition of the Ssiz' parameter in Rec. ITU-T T.800 | ISO/IEC 15444-1.

=

OTE - Other applications can use other range values by specifying EP field values. For example, the CIELablencoding |n the
CC Profile Format Specification, ICC.1:2001-11 specifies ranges and offsets for the CIELab encoding that.aré different thdn the
bfaults given here. If the values specified in the CIELab encoding in the ICC Profile Format Specification, ICC.1:2001-1[L, are
bed, then they would have to be explicitly given in the EP fields.

C O =

Table M.30 — Format of the contents of the EP field for CIELab (ERUmCS = 14)

Field name Size (bits) Value
RL 32 0-(232-1)
oL 32 0-(232-1)
RA 32 0-(232-1)
OA 32 0-(232-1)
RB 32 0-(232-1)
OB 32 0-(232-1)
IL 32 Variable

M.11.7.4.2EP field format for the CIEJab colourSpace

If the value of EnumCS is 19, specifying that the layer is encoded in the CIEJab colourspace, then the format of the EP
field|shall be as follows (see Figure M.21);

RJ Ol RA OA RB OB
T.801(21)_FM.21

Figure M.21 ~ Organization of the contents of the EP field for the CIEJab (EnumCS = 19)

These fields describe how to convert between the unsigned values Nj, Na, Ny, as defined by CIE Publication No. 131} that
are spnt to the compressor or received from the decompressor and the signed CIEJab values J, a, b as defined by the|CIE.
Accqrding to-CIE Publication No. 131, the calculations from real values Jab to integer, fixed point or floating point
formgt, which are expressed by N;NaNp, are made as follows:

0 MA ul

MAX ez iANTT
Ny ==y 3+ 5(BPC; ANDOX7F)+1 x0J

MAX , ollogy MAX, |
Na =—r—xa+ »(BPC, ANDOXTF)+1 xOA (M-19)

MAX ollog; MAX |
Np = b xb+ xOB

RB 5(BPCp, ANDOX7F) 1

where MAX;, MAX, and MAX;, are the nominal maximum sample values according to Table M.24bis for the channels
carrying the J, a* and b* data and BPCy are the bits per component values for channel x as found in the Image Header Box,
the Bits Per Component Box or the Palette Box. The brackets [] indicate rounding up to the next integer. The numerical
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values of MAX;, MAX, and MAX,, depend on the Image Header box, the Bits Per Component Box, the Palette Box and
the Pixel Format Box as explained in clause M.11.7.2.

RJ: Range for J. This field specifies the RJ value from Equation M-19. It is encoded as a 4-byte big endian
unsigned integer.
0J: Offset for J. This field specifies the OJ value from Equation M-19. It is encoded as a 4-byte big endian

unsigned integer.

RA: Range for a. This field specifies the RA value from Equation M-19. It is encoded as a 4-byte big
endian unsigned integer.

OA: Offset for a. This field specifies the OA value from Equation M-19. It is encoded as a 4-byte big
endian unsigned integer.

RB: Range for b. This field specifies the RB value from Equation M-19. It is encoded as a-4-bytg big
endian unsigned integer.

OB: Offset for b. This field specifies the OB value from Equation M-19. It is encoded as a 4-bytg big
endian unsigned integer.

Wheh the EP fields are omitted for the CIEJab colourspace, then the following default values shallge used. The default J,
a and b range parameters RJ, RA and RB are 100, 255 and 255. The default J, a and b offset values depend on the corjtents
of the Pixel Format box, if present, and are indicated in Table M.30bis. If the Pixel Format\Box is not present, the fable
entrips for signed or unsigned integer representations shall be used, depending on whether the channel is signgd or
unsigned:

Table M.30bis — Default Offset VValues and Encoding of Offsets for the CIEJab Colourspace

Pixel Format F' and
Channel Signedness 0J @ OB
unsigned, integer 0 BPCi 2BPCi
(BPC' < 128)
signed, integer
(BPC' > 128) 0 0 0
unsigned, fixed point 0 2BPCi 2BPCi
(BPCi < 128)
signed, fixed point
(BPCi> 128) 0 0 0
unsigned, floating point 0 2BPCi 2BPCi
(BPCi < 128)
signed, floating point
(BPC'>128) 0 0 0

=

OTE — The relation between the-number of bits in channel i is given by (BPCi AND 0x7f)+1, thus a value of 28PC indicafes an
ffset of half the available.range for channel i. "AND" denotes here the bitwise binary AND operation of the two operandp, see
so the definition of the<Ssiz' parameter in Rec. ITU-T 800 | ISO/IEC 15444-1.

The format of the contents of the EP field for CIEJab (EnumCS = 19) is given in Table M.31.

D O

Table M.31 — Format of the contents of the EP field for CIEJab (EnumCS = 19)

Field name Size (bits) Value
RJ 32 0-(2%2-1)
0l 32 0-(232-1)
RA 32 0-(232-1)
OA 32 0-(232-1)
RB 32 0-(232-1)
OB 32 0-(232-1)

M.11.7.5 Channel Definition box

The binary format of the Channel Definition box is identical to that defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,
clause 1.5.3.6. However, in a JPX file that is not readable by a JP2 reader, or in a codestream in a JPX file that will not be
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read by a JP2 reader, any channel may be associated with any colour or type and multiple channels may be associated

with

the same colour.

EXAMPLE — Multiple channels of the same colour in a Bayer pattern can be described using the same Typ' and Asoc' value pair,
but different component registration position, as carried in the optional CRG marker segment.

The following additional value of the Asoc! field are normatively defined (see Table M.32):

Table M.32 — Colours indicated by the Asoc! field

Class of Colour indicated by the following value of the Asoc' field
colourspace
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7.6 Opacity box

Dpacity box provides a minimal-overhead mechanism for specifying opacity through a chroma-key or speci

h particular compositing layer contains only colour channels followed by a single opacity channel. If a Compos
r Header box contains an Opacity box, then it shallihot contain a Channel Definition box. Compositing layers
re a channel definition more complex than can be~defined using an Opacity box shall use a Channel Definition
Compositing Layer Header box shall contain zero or one Opacity boxes, and Opacity boxes shall be found
locations in the file.

ma-keyed opacity is a form of paletization and as such images using chroma-keyed opacity obey similar rules t

fying
iting
that
box.
n no

b full

palettized images with respect to lossy ‘compression. In either case, differences between the original image ang the

deco
code
only
enco|
the ¢

N
The

mpressed images reflect errors-in-a space that does not directly map to visual perception, and thus should n
0 or decompressed in a lossy mode. However, for chroma-key values, in contrast to a fully palettized compo
the samples of the image-that-are of the chroma-key value have to be encoded and decoded losslessly. Joint los
Hing of the chroma-keyed-region and lossy coding of the remaining image region can be achieved using a ROI w
pdestream.

OTE — The Opacity hox is intended for use with lossless coding.

ype of the Opacity box shall be 'opct' (0x6F70 6374). The contents of this box shall be as follows (see Figure M

NCH-1

Otyp
NCH

>
@)}
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hent,
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ithin

22):

CV

)
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Figure M.22 — Organization of the contents of an Opacity box

Otyp:  Opacity type. This field specifies the type of opacity used by this compositing layer. This field is

encoded as a 1-byte unsigned integer. Legal values of the Otyp field are as follows:
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Table M.33 — Otyp field values

Value

Meaning

The last channel in this compositing layer is an opacity channel and all other channels are colour channels where
the channel association is equal to the channel number +1. For example, a four-channel compositing layer would
contain 3 colour channels (with associations 1, 2 and 3 respectively) followed by an opacity channel. If the value of

Otyp is 0, then the NCH, PR and CV! fields shall not be found.

The last channel in this compositing layer is a premultiplied opacity channel and all other channels are colour
channels where the channel association is equal to the channel number +1. For example, a four-channel compositing
layer would contain 3 colour channels (with associations 1, 2 and 3 respectively) followed by a premultiplied opacity

hanaaldfthavmlin of Ao o 0 thon tho NOLL DO and A\ /) £
CRaRReTHRe-Yarbe-6+-otypHSothethe e raha v fieldsshalrotbefoung———————

This compositing layer specifies that samples of a particular colour shall be considered fully transparent
(chroma-key). The chroma-key colour is specified by the NCH, PR and CV' fields.

All other values reserved.

The format of the contents of the Opacity box is given in Table M, 34;

M.11.7.7 Codestream Registration-ox

NCH:

CVi:

Number of channels. This field specifies the number of channels used to specify the chromg-key
colour. This value shall be equal to the number of channels in the compositing layer. This figld is
specified as a 1-byte unsigned integer.

Chroma-key value. This field specifies the value of channel i for the chroma-key colour. Samples that
match the chroma-key value for all channels shall be considered fuly transparent. The size of this
field is specified by the bit depth of the corresponding channel. If the'value is not a multiple of 8, then
each CVi value shall be padded to a multiple of 8 bits with, bits-equal to the sign bit and the actual
value shall be stored in the low-order bits of the padded value» For example, if the depth of a chgnnel
is a signed 10-bit value, then the CV! value shall be stored in the low 10 bits of a 16-bit field anf the
high-order 6 bits shall be all equal to the sign bit of thewalue in this CV' field.

Table M.34 — Format of the eontents of the Opacity box

Field name Size (bits) Value
Otyp 8 0-2
NCH 8 0-255; if Otyp # 2
0 Not applicable; if Otyp =2
cvi Variable Variable; if Otyp = 2
0 Not applicable; if Otyp =2

Wheh combining multiple codestreams to create a single compositing layer, it is important that the reference grifls of
thosg codestreams be properly registered to ensure the registration of the individual samples from the multiple
components. This box.Specifies how those codestreams shall be registered when rendering the layer. A Compogiting
Laydr Header box shall,contain zero or one Codestream Registration boxes, and Codestream Registration boxes shall be
founfl in no other-locations in the file; a Codestream Registration box shall not be placed into the JP2 Header bpx to
spec|fy a default vegistration. If any Compositing Layer Header box contains a Codestream Registration box, then gvery
Compositingiayer Header box shall contain a Codestream Registration box. If this Compositing Layer Header box|does
not ¢ontdin{a Codestream Registration box, then the compositing layer shall be represented by one and only one
codeptream.

If codestream registration is not specified for a particular compositing layer, then the codestreams in that compositing
layer shall be aligned by directly aligning their reference grids at both (0,0) and (1,1).

If a Codestream Registration box exists, then the default display resolution (specified within a Resolution box with the
same Compositing Layer Header box) applies to the compositing layer registration grid.

This registration is specified with respect to an independent compositing layer registration grid.
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The type of the Codestream Registration box shall be ‘creg' (0x6372 6567). The contents of this box shall be as follows
(see Figure M.23):

xs | vs | coN' | E|El2]2 CDN" 212l

XR

T.801(21)_FM.23

Figure M.23 — Organization of the contents of a Codestream Registration box
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fetts of The codestream Tegistration boxX may be IMerpreted i the CoMext of the folfowing equations defimin
ng factors RX' and RY' of the ith codestream in x and y:

= XR1/ XS
= YR/ YS

= XO'/ XS
=YO'/YS

e compositing layer registration grid. The overall area of the registration grid is defined to be the intersection g

covered by the scaled and offset component codestreams grown out as fequired to the nearest whole in
tration grid point. The requirement that XO' < XS and YO' < YS ensures that this intersected area always inc
rigin (0,0) of the compositing layer registration grid.

Codestream Registration box exists, then the default display resolution’ (specified within a Resolution box wit
Compositing Layer Header box) applies to the compositing layer after all components have been rescaled
tered.

XS: Horizontal grid size. This field defines theadmber of horizontal fractional grid points from (0,
(1, 0) on the compositing layer registration-grid. These fractional grid points are used to measu
distance between the reference grids ofithe individual codestreams. This field is encoded as a 2
unsigned integer.

YS: Vertical grid size. This field defires the number of vertical fractional grid points from (0, 0) to
on the compositing layer fegistration grid. These fractional grid points are used to measur
distance between the reference grids of the individual codestreams. This field is encoded as a 2
unsigned integer.

XR": Horizontal resolution. This field specifies the horizontal distance between points on the referencd
of the codestream specified by the CDN' parameter, measured in the number of fractional poin
the compositing layer registration grid. This field effectively specifies the horizontal scaling ne
to match the codestream's reference grid with the compositing layer registration grid. This fig
encoded as a 1-byte unsigned integer.

the codestream specified by the CDN' parameter, measured in the number of fractional points
compositing layer registration grid. This field effectively specifies the vertical scaling need
match the codestream's reference grid with the compositing layer registration grid. This fig

CDNi:  Codestream number: This field specifies the number of the codestream for this registration valup.

the
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YRI: Vertical resolution. This field specifies the vertical distance between points on the reference gtfid of

h the
bd to
Id is

encoded as a 1-byte unsigned integer.

XO': Horizontal offset. This field specifies the horizontal distance (to the right) from the origin o
compositing layer registration grid to the centre of the top left point on the reference grid o

f the
f the

codestream specified by the CDN' parameter. This field is encoded as a 1-byte unsigned integer. Its

value shall be strictly less than the value of XS.

YO': Vertical offset. This field specifies the vertical distance (downward) from the origin of the

compositing layer registration grid to the centre of the top left point on the reference grid o

f the

codestream specified by the CDN' parameter. This field is encoded as a 1-byte unsigned integer. Its

value shall be strictly less than the value of YS.
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Table M.35 — Format of the contents of the Codestream Registration box

Field name Size (bits) Value
XS 16 0-65 535
YS 16 0-65 535
CDNi 16 0-65 535
XRi 8 0-255
YR 8 0-255
XOi 8 0-255
YO 8 0-255
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.7.8 Pixel Format box

box defines how samples represented in a channel are interpreted as numerical values representing.cofour acco
wing Rec. ITU-T T.800 | ISO/IEC 15444-1 (JPEG 2000), the reconstructed samples form sigfied or unsigned int

ITU-T T.832 | ISO/IEC 29199-2 (JPEG XR), the codestream reconstructs abstract-bit_patterns which are, i
nce of this box, interpreted to encode numbers in the binary two's complement.

e presence of this box, a two-stage conversion process converts the reconstricted sample values from its s
at to one of the specified target formats: In the first stage, reconstructed integér samples are represented in b

OTE 1 - In typical computer hardware, integers are already represented in the\two's complement notation. The first stage

[ficient compression of the data, e.g., the two's complement to sign-magnitude conversion by an appropriate NLT marker.
e shall be at most one Pixel Format Box per JP2 Header‘Box (if present) or per Compositing Layer Box.
ype of this box shall be 'pxfm' (0x7078 666d). The fermat of this box shall be as follows (see Figure M.23bis)

T.801(21)_FM.23bis

Figure M.23bis — Layout of the Pixel Format Box

unsigned’integer.

CnO: channel index. This field specifies the index of the channel whose pixel format is specified. The val

box. This field is encoded as a 2-byte big endian unsigned integer.

complement form. In the second stage, these bit patterns are re-interpreted according to the contents of this bgx.

ding

olourspace. If this box is absent, the default interpretation of the corresponding codestream is used. For codestrpams

Pgers

e bit depth is given by the Palette Mapping Box, Bits Per Component Box or Image Header Box/| For

N the

purce
nary

lence

quires no operation. The second stage is usually nothing more than a C-stylév'reinterpretation cast" to the target representption;
at is, all this box defines is to which target data type the sample values are “casted" before using them as input for a golour
bnversion or sample interpretation. Other means in the codestream should be provided to ensure that this re-interpretation gllows

N: Number of chanhéls. This field specifies the number of channels whose pixel format is specified in this
box. This number shall be identical to the number of channels defined in the Channel Definition Box if
present,-or’identical to the number of components in the codestream. It is encoded as a two-byte big epdian

e of

this field represents the index of the channel as defined within the Component Mapping bgx or
the actual component from the codestream if the file does not contain a Component Mapping

188

F% Pixel Format. This field specifies the encoding of the pixel value as a bit pattern. For example, the bit

pattern reconstructed by the codestream could be interpreted as signed or unsigned integer, as a fixed

point

value or as a floating point number. These numbers are then interpreted as colour intensities relative to a
colourspace. This field is encoded as a 2-byte big endian unsigned integer, Table M.35bis lists allowed

values for this field and its encoding.
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Table M.35bis — Allowed values for the pixel format

Value of Fi

Meaning

0000 0000 0000 0000

Bit patterns are interpreted as signed or unsigned integers using a binary two's complement
representation.

0001 0000 0000 0000

The bit pattern is interpreted as a signed or unsigned integer representing the mantissa of a
floating point with a common exponent coming from a channel using an exponent pixel format
(see below) associated to the same colour or all of the image. The channel association is
defined in the Channel Definition Box. The numerical value of the channel is to be
reconstructed by

V = mantissa - 2exponent-136

The association of the combined sample value is defined by the Typ' value in the Chapnel
Definition Box of the channel representing the mantissa.

010 0000 0000 0000

The bit pattern of the channel is to be interpreted as a signed or unsigned integef represerting
an exponent of a floating point number. The mantissa of this number is describéd by a chapnel
associated to the same colour or all of the image.

The Typ' value of an exponent channel in the Channel Definition Box shall be ignored.

011 ffff ffff ffff

The bit pattern of the channel is to be interpreted as fixed point nymhber with f fractional |bits
(i.e., bits to the right of the binary point), or equivalently, a fixed point number that is pre-
shifted by f bits. The number of integer bits is given as the difference of the bit depths of the
corresponding source component minus the number of fractional bits. The fractional valge is
reconstructed by dividing the integer value of the corresponding channel by 27,

100 mmmm mmmm mmmmn

The bit pattern of the channel is to be interpreted as floating point number with one sign|bit,
exponent bits and m mantissa bits. The number of<exponent bits is given by the bit preciion
of the component or palette entry used to defipe the channel, minus one, minus the numbgr of
mantissa bits. The topmost bit of the bit pattéen is the sign bit, followed by the exponent bits,
followed by the mantissa bits. The mantissa contains an implicit one bit that is not encofled,
and the exponent is encoded as unsigned-binary integer with a bias of size 2=-1-1, wherele is
the number of exponent bits. The recanstruction of the floating point number described by the
bit pattern is defined by ISO/IEC/IEEE 60559.

all other values

Reserved for future use.

nannels to reconstruct the sample value for one colour, wherg channels are matched corresponding to their association value
efined by the Channel Definition Box. A mantissa associated to a specific colour matches an exponent associated to the
blour, or an exponent associated with all of the imagey— and vice versa. This pixel format is most useful for the RGBE enc
bnsisting of four channels; the first three channels are associated to the red, green and blue colour and have a pixel format o
D01 0000 0000 0000 (mantissa), the last channel;is associated to all of the image and has a pixel format of type 0010 0000
P00 (exponent).

ample, the 2.13 fixed point formatof JPEG XR is encoded as a pixel format of 0011 0000 0000 1101 with signed codes
bmponents of 16 bits, the 7.24 fixed point format is represented with 32 bit components and a pixel format of type 0011 0000
DOO.

oating point numbers follow ISO/IEC/IEEE 60559 encodings as much as possible, even though ISO/IEC/IEEE 60559 do

fjto a bit pattern from. most significant to least significant in this order. The Table M.35ter shows the encoding of the most con
oating point formats,’Note that other formats are possible, and this table provides examples for commonly used floating
rmats only:

S =T PO DT O0O00 0 Q00 >

Table M.35ter — Common floating point formats (informative)

pr fixed point formats, the pixel format-specifies only the number of fractional bits, the number of integer bits is implicit.

OTE 2 — Pixel formats 0001 0000 0000 0000 and 0010 000.0000 0000 are special in the sense that they require the input df two

AsoC!
same
bding

type
0000

For
ream
0001

S not

clude extensions such as"half-float" numbers. All these encodings share a sign bit s, exponent bits e and mantissa bits m packed

hmon
point

Value Meaning

0100 0000 0001

0111

ISO/IEC/IEEE 60559 single precision (binary32) format. This format uses 23 mantissa bits, 8
exponent bits and one sign bit. The exponent encoding uses a bias of 127, normalized numbers
use exponents between —126 and 127, denormalized numbers have an exponent value of —127,
and NaNs and infinities an exponent value of 128. The corresponding components in the
codestream shall have a bit precision of 32 bits.

0100 0000 0011

0100

ISO/IEC/IEEE 60559 double precision (binary64) format. This format uses 52 mantissa bits,
11 exponent bits and one sign bit, the exponent bias is 1023.

0100 0000 0000

1010

ISO/IEC/IEEE 60559 half-float (binary16 or half precision) numbers. This format uses 10
mantissa bits, 5 exponent bits and one sign bit. The exponent bias is 15. Normalized numbers
use exponent values between —14 and 15, denormalized numbers have an exponent value of —
15. Infinities and NaNs are represented by the exponent value 16. This pixel format requires
a component of 16 bits precision.
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NOTE 3 — If for example the intent is to encode non-negative ISO/IEC/IEEE 60559 single precision numbers with the least
significant 8 bits of the mantissa stripped off, the BPC' value of a component using this encoding would be 23 as 24 bits in total
are used. The corresponding F' would then be 0100 0000 0000 1111 as 15 mantissa bits remain in the truncated format.

M.1

1.8 Contiguous Codestream box

In a JPX file, the Contiguous Codestream box contains an entire codestream as defined by the codestream syntax.
However, unlike the JP2 file format, the codestreams contained within a JPX file are not restricted to codestreams defined
by Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1. Codestreams contained within a JPX file may also use extensions
to the codestream syntax defined in Annex A of this Recommendation | International Standard.

Contiguous Codestream boxes shall be found only at the top level of the file; they shall not be found within a superbox.

M.1

The
In a

App

which Media Data boxes represent a valid JPEG 2000 codestream or other media stream.

The

by tHis Recommendation | International Standard.

M.1
The

contains a set of global options, followed by a sequence of one or more sets of\rendering instructions (each contz
with{n an Instruction Set box). Each individual instruction is associated with,a'‘composition layer in the file and de
how |[that composition layer shall be rendered: its location, scaling, composite operation, etc. A reader that sup

com

defirled within the Composition box. Details on the composition and~animation model are specified in clause M.5

JPX
it sh

The

The

M.1

.9 Media Data box

Media Data box contains fragments of the JPEG 2000 codestream or other media data, such as MPEG+4 ‘audio
Ty case, there shall be other boxes in the file that specify the meaning of the data within the Medid Data

ications should not access Media Data boxes directly, but instead use the fragment table to determine what pa

ype of a Media Data box shall be 'mdat’ (0x6D64 6174). The contents of a Media Data box/in general are not de

.10 Composition box (superbox)

Composition box specifies how the individual composition layers are combined to create the rendered resy

position and animation shall display the file containing the Compasition box by executing the sequence of instrug

file shall contain zero or one Composition boxes. If present, that box shall be found at the top level of the JPX
ll not be found within a superbox.

ype of the Composition box shall be 'comp' (0x636F 6D2+0) and it shall have the following contents (see Figure M

. ‘IO L n
copt 1s¢ 1set

T.801(21)_FM.24
Figure M-24= Organization of the contents of a Composition box

copt: Composition ‘Options box. This box specifies parameters that apply to the compaosition or anim
as a whale. It is defined in clause M.11.10.1.

iseti: Instruction Set box. This box contains a set of instructions for how to combine the mu
composition layers in the file. The entire set of Instruction Set boxes specify the entire compos
or animation, and are processed in the order they are found within the Composition box.
Composition Instruction box is defined in clause M.11.10.2.

format'of the contents of the Composition box is given in Table M.36.

data.
box.
ts of

Fined

It. It
ined
fines
borts
tions
3. A
file;

.24):

Ation

tiple
ition
The

Table M.36 — Format of the contents of the Composition box

Parameter Size (bits) Value
copt Variable Variable
isetl Variable Variable

1.10.1  Composition Options box

The Composition Options box specifies parameters that apply to the composition or animation as a whole. The
Composition Options box shall be the first box in the Composition box and a Composition Options box shall not be found
in any other location in the file.
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The type of the Composition Options box shall be ‘copt' (0x636F 7074) and contents of the box shall have the following

form

at (see Figure M.25):

GREPT

HEIGHT WIDTH

T.801(21)_FM.25

Figure M.25 — Organization of the contents of a Composition Options box

The resolution of this value is optionally defined in the Default Display Resolution bgx-i
JP2 Header box. This field is encoded as a 4-byte unsigned integer.

WIDTH: Rendered result width. This field specifies the width, in samples, of the final rendered result
resolution of this value is optionally defined in the Default Display Resolution box in thd
Header box. This field is encoded as a 4-byte unsigned integer.

GREPT: Global Repetition. This field specifies the number of times to fully repeat the di
instructions, after executing the display instructions the first time./For a GREPT value of
this means the entire set of instructions in the comp box is executed once. A value of
indicates that the reader should repeat the entire set of instructions indefinitely. Prior to
execution of the instruction set, the display area shall be-restored to its original state an
instructions' composition layer association reset. Each\loop execution should be vis
equivalent to redisplaying the composition from scratch. This field is encoded as a 1
unsigned integer.

HEICLIT: Raondarad rocult haiaht Thic finld cnanifine tha hotaht 10 camnlac Af tha final randarad rnnult
L — a4 reRGere e StHtrRe i gt HSHEGSPECHHE S REREIgRTHR-Sapre S oteHharteRaerea+¢ SUll.

h the

The
JP2

play
zero
255
each
d all
Lially
byte

The format of the contents of the Composition Options box is given in Table M.37.
Table M.37 — Format of the contents ofsthe Composition Options box
Parameter Size (bits) Value
HEIGHT 32 1-2%2-1
WIDTH 32 1-2%2-1
GREPT 8 0-255
M.11.10.2 Instruction Set box

paral
coun
foun
Com

The
(see

An l:struction Set box contains a set of rendering instructions, each represented through a series of compog

eters. In addition, the entire(set of instructions contained within this box may be repeated according to a r
t; this repeating occurs before.the reader continues on with the instructions found within the next Instruction Se
1 within the same superbox. Instruction Set boxes shall be found only within either a Composition box
positing Layer Extensions box; they shall not be found in any other locations in the file.

ype of the Instruction Set box shall be ‘inst' (0x696E 7374) and contents of the box shall have the following fg
Figure M.26):

Ityp REPT INST! INST.

ition
bpeat
E box
or a

rmat

TICK

T.801(21)_FM.26

Figure M.26 — Organization of the contents of an Instruction Set box

Ityp: Instruction type. This field specifies the type of this instruction, and thus which instruction parameters

shall be found within this Composition Instruction box. This field is encoded as a 16-bit flag.

meaning of each bit in the flag is as follows:

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023)
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Table M.38 — Ityp field values

Value Meaning
0000 0000 0000 0000 No instructions are present, and thus no instructions are defined for the compositing layers
in the file.
XXXX XXXX XXXX XXX1 Each instruction contains XO and YO parameters.
XXXX XXXX XXXX XX1x Each instruction contains the WIDTH and HEIGHT parameters.
XXXX XXXX XXXX 1xxx Each instruction contains the LIFE, N and PERSIST animation parameters.
XXXX XXXX xx1x xxXxx Each instruction defines the crop parameters XC, YC, WC and HC.
XX 3 Each-instruction-defines-therotationparameter ROF——mM8M—————————————————
All other bit flags All other values reserved.

The format of the contents of the Instruction Set box is given in Table NM39.

M.11.10.2.1 Instruction parameter

REPT: Repetition. This field specifies the number of times to repeat this particular set of instructions |after
executing the instruction set the first time. The instructions are always executed at least once (REPT
is zero) and the instructions may apply to different compositing layers on, each repetitign as
determined by the Next-use field of the instructions. This field is encoded as,a 2-byte big epdian
unsigned integer. A value of 65 535 indicates to repeat the instruction indefinitely.

TICK: Duration of timer tick. This field specifies the duration of a timer tick, (Used by the LIFE instruftion
parameter) in milliseconds. This field is encoded as a 4-byte big endianunsigned integer. If thg Ityp
field specifies that the LIFE instruction parameter is not used, then\this field shall be set to 0} and
shall be ignored by readers.

INSTE:  Instruction. This field specifies a series of instruction parameters for a single instruction. The fqrmat
of this field is specified in clause M.11.10.2.1.

Table M.39 — Format of the contents of the Instruction Set box

Parameter Size (bits) Value
Ityp 16 0-65 535
REPT 16 0-65 535
TICK 32 0-(232-1)
INST! Variable Variable

Figure M.27 shows the contents of each individual INST field (a single compositing instruction) within an Instructioh Set

| 1 1 1 1 I
| 1 | | 1 I

| . . 1 . 1 . 1 . ] . 1 .

| LIFE | NEXT- | XC ! YC | WC | HC ! ROT
| 1 1 1 1 ]

| 1 1 1 1 ]

[RRRE. S RRIE .SSh. S PSS S S S . S-S I

Persist T.801(21)_FM.27

Figure M.27 — Organization of the contents of an INST field within an Instruction Set box

AVS o ££
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AN : :UI ;LUIItG.: Ul IQUt. Thla f;C:d OPCb;f;CQ thC hUI ;LUIItG: :Ubﬂt;ull G.t vvh;uh thC tUrJ :Cft CUTTITI hf the
compositing layer being acted on by this instruction shall be placed in the render area, in samples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a default
value of zero shall be used.

YO: Vertical offset. This field specifies the vertical location at which the top left corner of the
compositing layer being acted on by this instruction shall be placed in the render area, in samples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a default
value of zero shall be used.

WIDTH: Width of the current compositing layer. This field specifies the width on the render area, in
display samples, into which to scale and render the compositing layer being acted on by this
instruction. This field is encoded as a 4-byte big endian unsigned integer. If this field is not
present, the width of the compositing layer shall be used.
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Height of the current compositing layer. This field specifies the height on the render area, in
display samples, into which to scale and render the compositing layer being acted on by this
instruction. This field is encoded as a 4-byte big endian unsigned integer. If this field is not
present, the height of the compositing layer shall be used.

Persistence. This field specifies whether the samples rendered to the display as a result of the
execution of the current instruction shall persist on the display background or if the display
background shall be reset to the state before the execution of this instruction, before the execution
of the next instruction. This field is encoded as a 1-bit Boolean field. A value of 1 indicates true,
that the current compositing layer shall persist. If this field is not present, the persistence shall
be set to true.

LIFE:

NEXT-USE:

XC:

YC:

WC.:

HC:

Duration of this instruction. This field specifies the number of timer ticks that should-ideally
occur between completing the execution of the current instruction and completing exécutipn of
the next instruction. A value of zero indicates that the current instruction and the nextiinstrugtion
shall be executed within the same display update; this allows a single frame from thé animption
to be composed of updates to multiple compositing layers. A value of 28121 indicatgs an
indefinite delay or pause for user interaction. This field is encoded as.a*31-bit big endian
unsigned integer. If this field is not present, the life of the instruction shall be set to 0.

Number of instructions before reuse. This field specifies the number af instructions that shall be
executed before reusing the current compositing layer. This.fi€ld allows readers to simply
optimize their caching strategy. A value of zero implies that the\current image shall not be rqused
for any ensuing instructions, notwithstanding the execution-efa global loop as a result of ajnon-
zero value of the GREPT parameter in the Composition:Options box. A value of one (1) implies
that the current compositing layer will be used with the next instruction and so on.| The
compositing layer passed on for reuse in this manner shall be the original compositing lpyer,
prior to any cropping or scaling indicated by the ‘eurrent instruction. If this field is not prdsent,
the number of instructions shall be set to zergyindicating that the current compositing layershall
not be reused. This field is encoded as a 4<byte big endian unsigned integer.

Horizontal crop offset. This field specifies the horizontal distance in samples to the left edpe of
the desired portion of the current compositing layer. The desired portion is cropped from the
compositing layer and subsequently rendered by the current instruction. If this field i$ not
present, the horizontal crop offset shall be set to 0. This field is encoded as a 4-byte big efdian
unsigned integer.

Vertical crop offset. This field specifies the vertical distance in samples to the top edge df the
desired portion of-the” current compositing layer. The desired portion is cropped from the
compositing layer-and subsequently rendered by the current instruction. If this field i$ not
present, the vertical crop offset shall be set to 0. This field is encoded as a 4-byte big efdian
unsigned integer.

Cropped-width. This field specifies the horizontal size in samples of the desired portion gf the
current compositing layer. The desired portion is cropped from the compositing layerl and
subsequently rendered by the current instruction. If this field is not present, the cropped Width
shall be set to the width of the current compositing layer. This field is encoded as a 4-byte big
endian unsigned integer.

Cropped height. This field specifies the vertical size in samples of the desired portion of the
current compositing layer. The desired portion is cropped from the compositing layet and
subsequently rendered by the current instruction. If this field is not present, the cropped hight
shall be set to the height of the current compositing layer. This field is encoded as a 4-byte big

ROT:

andian-uncianadintoaar
cHtTT oSG TeS tCgt

Rotation. This field specifies an optional rotation and mirroring that is to be applied as last step
after cropping and before rescaling and rendering the image to the screen. If the ROT field is not
present or is zero, the image shall be rendered in an orientation according to the specifications
of the corresponding codestream.

This field is encoded as a 4-byte big endian integer; its encoding is specified in Table M.40bis.

References to Ityp within the individual instruction parameters in Table M.40 refers to the Ityp field within the Instruction
Set box that contains this Instruction.
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Table M.40 — Format of the contents of the INST! parameter in the Instruction Set box

Parameter Size (bits) Value
X0 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XXX1
0 Not applicable otherwise
YO 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XXX1
0 Not applicable otherwise
WIDTH 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XX1X
0 Not applicable otherwise
HEIGHT 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XX1X
C Il\lIUt app:i\,ab:c Ut: ICIVViDC
PERSIST 1 0, 1; if Ityp contains XXxXX XXXX XXXX 1XXX
0 Not applicable otherwise
LIFE 31 0-(231-1); if Ityp contains XXXX XXXX XXXX 1XXX
0 Not applicable otherwise
NEXT-USE 32 0-(231-1); if Ityp contains XXXX XXXX XXXX LX¥X
Not applicable otherwise
XC 32 0-(232-1); if Ityp contains XXxx XXXX XXX XXXX
0 Not applicable otherwise
YC 32 0-(232-1); if Ityp contains Xxxx XxxX XX1X XXXX
0 Not applicable otherwise
WC 32 0-(232-1); if Ityp contains XxXXxx XXxX XX1X XXXX
0 Not applicable otherwise
HC 32 0-(232-1); if Ityp€ontains XXXx XXXX XX1X XXXX
0 Notapplicable otherwise
ROT 32 0-31, see Table M.47; if ITyp contains XXXx XXXX X1XX
0 xXXx. Not applicable otherwise

Table M.40bis — Encoding of the ROT field

I\\ﬁl;es (tl’_'gsé Meaning
0000 0000 Orientation.not specified, use the orientation defined in the codestream (if any).
000x 0001 Rotate‘by 0° clockwise
000x 0010 Rotate by 90° clockwise
000x 0011 Rotate by 180° clockwise
000x 0100 Rotate by 270° clockwise
0001 xxxx Flip image left to right after rotation
all other values Reserved for future use

For endering an image in the presence of an instruction set box, the following steps shall be applied:
» _\Crop the image to XC, YC, WC, and HC if cropping parameters are present.

*\"~ Rotate and/or flip the image according to the ROT parameter if present. If the ROT parameter i§ not
present, the image takes the orientation defined by the corresponding codestream.

»  Rescale the image to WIDTH and HEIGHT if these parameters are present.

» Render the top left edge of the resulting image at position XO,YO into the compositing surface, or at
position 0,0 if the XO and YO fields are not present.

M.11.11 Association box (superbox)

The Association box allows data in the file to be associated with other data in the file. The Association box is a superbox,
containing a sequence of two or more boxes. It creates independent semantic associations between the boxes it contains
or the entities represented by those boxes. In particular, associations are created between the first box (or entities
represented by it) (referred to as BF) and each of the other boxes (or represented entities) (referred to as B) in the
sequence. In the case where there are more than one B! boxes, it can be thought of as creating semantic clusters around
the BF box. There is no explicit association between the Bi boxes.
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For example, the association box may be used to associate a label with an entity (image, image set, metadata document,
etc.) by placing a Label box in the Association box as BF and the other appropriate boxes as the Bl boxes. It may also be
used to associate several items of metadata with the same image or image set by placing a Number List box as BF,
followed by the metadata boxes as the Bi boxes. In addition, it may be used recursively to create different levels of
association, for example to associate some metadata with a Region of Interest (ROI) and then to associate that ROl and
its metadata with an image or image set. These examples are illustrated in Figures M.28 to M.31.

Association box

| Number List box associations

Association box

Rt

‘ ROI Description box

‘ XML box

T.801(21)_FM.28

Figure M.28 — Example of ROI specific metadata associated with one or,'more images

Association box

| Number List box

| XML box

| XML box

T.801(21)_FM.29

Figure M.29 — Example of Multiple XMLgcdocuments associated with one or more images

Associatiombox

| Labetbox

l XML box

T.801(21)_FM.30

Figure M.30 — Example of a Labelled XML document

Association box

| Number List box

| Label box

180424 EM 31

Figure M.31 — Example of a labelled image

The Association box is optional, and there may be multiple Association boxes in the file. An Association box may be
found anywhere in the file except before the Reader Requirements box.

The type of an Association box shall be "asoc' (0x6173 6F63). The contents of the Association box are defined as follows
(see Figure M.32):
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The

BF:
Bi:

Figure M.32 — Organization of the contents of an Association box

First box. This is the box to which all other boxes within this Association box are associated.

BF

<0 <N

B B’

T.801(21)_FM.32

Box to be associated. This may be any box other than those that are restricted to occurring at particular
locations within the file. This box shall be associated with the box BF.

format of the contents of the Association box is given in Table M.41.

Table M.41 — Format of the contents of the Association box

Parameter Size (bits) Value
BF Variable Variable
Bi Variable Variable

M.11.12 Number List box

The Number List box contains a list of numbers designating entities in the file. Within an Association box, a Numbef List
box $tands for the listed entities.

The fype of a Number List box shall be 'nlst' (OX6E6C 7374). The contefits)of the Number List Box shall be as follows
(see Figure M.33):
[ |

AN’ N AN"

T.801(21)_FM.33

Figure M.33 — Organization of the contents of a Number List box

ANI: Associate Number. This field specifies the number of an entity with which the data contained within
the same Association box is associated. This value is stored as a 4-byte big endian unsigned integer,
where the high order. byte specifies the type of entity with which the data is associated, and the three
low order bytes specify the number of that entity. Legal values of this field are given in Table M.42.

Table M.42 — AN field values

Value Meaning

The rendered result.

The low three order bytes (of value i) specify Codestream i in the JPX file.

The lower three order bytes (of value i) specify Compositing Layer i in the JPX file.
All other values reserved.

0x§000 0000
0x(Q1XX XXXX
0x(2XX, KXXX

The format of the contents of the Number List box is given in Table M.43.

Table M.43 — Format of the contents of the Number List box

Parameter Size (bits) Value
AN 32 0-(232-1)
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M.11.13 Label box

The Label box contains a textual label that may be associated with an entity or entities in the file by inclusion of the Label
box within an Association box, a Codestream Header box, or a Compositing Layer Header box.

The type of a Label box shall be '1bI\040' (0x6C62 6C20). The contents of the Label box are as follows (see Figure M.34):

T.801(21)_FM.34

M.1

The
the f
size.

Figure M.34 — Organization of the contents of a Label box

S: Label string. A textual label associated with an entity. This value is stored as ISO/IEC 10646.¢haracts
the UTF-8 encoding. Characters in the ranges U+0000 to U+001F inclusive and U+007F"to U+
inclusive, as well as the specific characters '/, *;', '?', ":" and '#, are not permitted in the fabel string. L
strings are not null-terminated or padded in any other way; every character that is present is significa

.14 Binary Filter box

Binary Filter box allows portions of the file to be further compressed or encoded (i€-, encrypted). For examp
le contains a significant amount of metadata in XML, it can be losslessly compressed to drastically reduce th
This box contains an indicator specifying how the data was transformed, as well-as the transformed data. Onc|

rsin
DO9F
 abel
nt.

le, if
b file
e the

data Js transformed through the reverse operation (i.e., decrypted or decompressed)sthe resulting data shall be a seqyence
of baxes, where the first byte is the first byte of the first box header, and the last\byte is the last byte of the last box| The
Binafy Filter box is optional, and there may be multiple Binary Filter boxesfn the file. A Binary Filter box may be fpund
anywhere in the file except before the Reader Requirements box.
A conforming decoder is not required to process the data within a Binary Filter box. Thus, a Binary Filter box shall not
contain boxes for which interpretation is required for reader conformance.
The fype of a Binary Filter box shall be 'bfil' (0x6266 696C).The contents of the Binary Filter box are defined as follows
(see Figure M.35):
b T el T
F
T.801(21)_FM.35
Figure M.35"Organization of the contents of a Binary Filter box
F: Filter type. This field specifies how the data was transformed before storage. This value is encoded
as a UUID..Standard defined values are given in Table M.44.
Table M.44 — Legal Filter types
Value Meaning
EC340B04-74C5-11D4-A729- | Compressed with GZIP. The contents of the DATA field have been compressed using| the
879EA3548F0E DEFLATE algorithm (as specified in RFC 1951). The compressed data is stored in the bipary
structure defined by the GZIP file format, as specified in RFC 1952.
EC320UBU4-74C5-TID4-A729- | ENcrypted using DES. The contents of the DATA Tield has Deen encrypted using DES as
879EA3548F0F defined in 1SO 10126-2.
NOTE: ISO 10126-2 is withdrawn.
All other values reserved.

If a conforming reader does not recognize the particular UUID, then the reader shall ignore this Binary

Filter box.

DATA: Transformed data. This field contains previously transformed data. Once the reverse transformation
has been applied (as specified by F), the result shall be a sequence of boxes. The contents of the data
field may include information needed to perform the reverse filter, in addition to the filtered data. It
is fully up to the definition of the F field to define the binary structure and format of the DATA field.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023)
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The format of the contents of the Binary Filter box is given in Table M.45.

Table M.45 — Format of the contents of the Binary Filter box

Parameter Size (bits) Value
F 128 Variable
DATA Variable Variable

M.11.15 Desired Reproductions box (superbox)

The Desired Reproductions box specifies a set of transformations that shall be applied to the image to guarantee a‘spg
desined reproduction on a set of different output devices, respectively. For example, consider an image that cantains
worlfl blue colours. This image is intended to be printed in a catalogue, and thus the printed image shall match the a
cologr of the original physical object when seen by a human viewer. However, the CMYK printing proeess doe
duce the same range of blue colours as are viewable by the human visual system. In this instance/the catalog prtist
determine how to best convert the blue colour in the image to a printed blue colour to minimizedifferences betyveen

reprg
shall
the p

A JP
This

hysical object from the printed reproduction.
X reader is not required to process the image through the specified transformations.

cific

real-
ctual
5 not

box contains a set of separate desired reproductions. There shall be only one Desired" Reproductions box withip the

file, fvhich may be found anywhere within the file.
The type of the Desired Reproductions box is 'drep’ (0x6472 6570). This box is<a superbox, and the contents of thg box
shall|be as follows (see Figure M.36):
gtso
T.804(21) FM.36
Figure M.36 — Organization of the contents of the Desired Reproductions box
gtso: Graphics Technology Standard Qutput box. This box specifies the desired output colour and|tone

reproduction for the rendered result when printed under commercial printing conditions. The fgrmat

and definition of this box is-specified in clause M.11.15.1
Other boxes may be found within the Desired Reproductions box. Readers shall ignore any boxes that they d¢ not
undefrstand.
The Pesired Reproduction box is.optional for conforming files.
M.11.15.1  Graphics Technology Standard Output box
A Graphics Technology-Standard Output box specifies the desired reproduction of the rendered result for commarcial
printing and proofing{Systems. The box contains an Output ICC profile specifying the desired conversion of the image

from| the Profile Connection Space (PCS) to the desired device specific output colourspace. There shall be only zeyo or

one

Reproductions.box.

The

Sraphics Technology Standard Output box within the file. If present, this box shall be found within the De]

typedof a Graphics Technology Standard Output box is 'gtso’ (0x6774 736F). The contents of the box shall

follows-(see Figure M.37):

198

QUTP

T.801(21)_FM.37

Figure M.37 — Organization of the contents of the Graphics Technology Standard Output box

Sired

De as

OUTP: Thisfield shall be a valid Output ICC profile as defined by the ICC Profile format specification ICC-1.
Version information is embedded within the profile itself. Applications that only support specific
versions of the ICC Profile Format Specifications can extract the version number from bytes 8-11 of
the profile (bytes 8-11 of the contents of the Output ICC Profile box).

Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

The format of the contents of the Graphics Technology Standard Output box is given in Table M.46.
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Table M.46 — Format of the contents of the Graphics Technology Standard Output box

Parameter Size (bits)

Value

OUTP Variable

Variable

M.11.16 ROI Descrlptlon box

rendgred result; the ROIs described at a top-level box are not directly associated with coded’ROIs within any codest

The fype of the ROI Description box shall be 'roid' (0x726F 6964). The contents of.this box shall be as follows (see F

M.38):

Nroi
R
Rtyp
Rep

Rlex’ Rlcy(l Rwdt’

Rhth

Nroi-|
Nroi-1

Rle 1
Rtyp

o
O
=<

Nroi—| Nroi-| Nroi—1

Rlex Rley Rwdt

Nroi-|

Rhth

Nroi: ~ Number of Regions of Interest. Encoded as an 8-bit integer.

Table M.47 — Legal Ri values

Figure M.38 — Orgarization of the contents of the ROI Description box

Value

Meaning

Codestream does not contain a static region of interest at this location.

Codestream contains a static region of interest at this location.

ALl

T.801(21)_FM.3

Ri: Region of Interest present in codestream. Encoded as an 8-bit integer. Legal values of the Ri fiel
given in-Table M.47.

d are

+lo 1 &l
7 OtIiCT varoCSTeSCTvens

Rtyp':  Region of Interest type and encoding, can be simple rectangular (one value), simple elliptical (one
value), quadrilateral refinement (multiple values, corresponding to 4 permutation bit fields A, B, C
and D), or oriented elliptical refinement (one value). Rtyp' may identify a quadrilateral refinement
only if i > 1 and Rtyp'* identifies a simple rectangular region. Similarly, Rtyp' may identify an
oriented elliptical refinement only if i > 1 and Rtyp'* identifies a simple elliptical region. The Rtyp'

field is encoded as an 8 bit integer; allowed values are as follows:

© ISO/IEC 2023 - All rights reserved
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Table M.48 — Allowed Rtyp' values

Value (bits) Meaning

MSB

LSB

0000 0000 Aligned rectangular region of interest (rectangle edges parallel to the image edges)

0000 0001 Aligned elliptical region of interest (ellipse diameters parallel to the image edges)

AABB CDDO Quadrilateral refinement, with bit fields: A (0-3), B (0-2), C (0-1), D (1-3)

0000 0011 Oriented elliptical refinement

other values Reserved for future use.

The

Rcp':

Rlcx':

Ricy':

Rwdt':

Rhth':

Region of Interest coding priority. This value describes the coding priority of the Region of.Int
The value 0 means low coding priority and 255 means maximum coding priority. This, Val
encoded as a 1-byte unsigned integer. In transcoding applications, bits should be_allocated
respect to the coding priority of each ROI.

Region of Interest horizontal location. In the case of an Aligned Rectangular Region of Interes
Quadrilateral Refinement, this is the horizontal position of the top left corner ofthe relevant recta
In the case of an Aligned Elliptical Region of Interest this is the horizontal position of the centre
For an Oriented Elliptical Refinement, this is the horizontal position at which the ellipse touche
upper edge of its bounding box, as identified by the immediately preceding region of interest.
value is stored as a 4-byte big endian unsigned integer.

Region of Interest vertical location. In the case of an Aligned.Rectangular Region of Interest
Quadrilateral Refinement, this is the vertical position of the top left corner of the relevant recta
In the case of a Simple Elliptical Region of Interest this.is'the vertical position of the centre poin
an Oriented Elliptical Refinement, this is the verticalposition at which the ellipse touches th
edge of its bounding box, as identified by the immediately preceding region of interest. This va
stored as a 4-byte big endian unsigned integer:

Region of Interest width. In the case of an Aligned Rectangular Region of Interest or a Quadril
Refinement, this is the width of the relevant rectangle. In the case of an Aligned Elliptical Regi
Interest this is the amount by which the'ellipse extends to the left and to the right of its centre. F

prest,
e is
with

ora
hgle.
oint.
s the
This

ora
hgle.
. For
b |eft
ue is

teral
bn of
DI an

Oriented Elliptical Refinement, this'parameter shall be 1. This value is stored as a 4-byte big endian

unsigned integer.

Region of Interest height. In\the case of an Aligned Rectangular Region of Interest or a Quadrilg
Refinement, this is the height of the relevant rectangle. In the case of an Aligned Elliptical Regi
Interest this is the amount by which the ellipse extends above and below its centre. For an Orig
Elliptical Refinement, this parameter shall be 1. This value is stored as a 4-byte big endian unsi
integer.

format of the contents of the\ROI Description box is given in Table M.49.

Table M.49 — Format of the contents of the ROI Description box

teral
bn of
nted
gned

Parameter Size (bits) Value
Nroi 8 0-255
Ri 8 0-255
Rtyp' 8 0-255
DRaoial fo) Ja N1 = =
Rstg 3 8—255
Rlcxi 32 0-(2%-1)
Rlcy! 32 0-(2%-1)
Rwdt! 32 1-(2%2—-1) if Rtyp' = 3
1ifRyp'=3
Rhth 32 1-(2%2—-1) if Rtyp' =3
lifRyp'=3

If Rtyp' identifies an Aligned Rectangular Region of Interest, the locations (x,y) which are considered to be included
within the region are those which satisfy:

200
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Rlcx' < x < Rlex' + Rwdt' and Rlcy' <y < Rlcy' + Rhth',
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If Rtyp' identifies an Aligned Elliptical Region of Interest, the locations (x,y) which are considered to be included within
the region are those which satisfy:

(x — Rlex)? / (Rwdt)? + (y — Rley')? / (Rhth)? < 1,
where floating-point arithmetic is employed, as opposed to integer division.

If Rtyp' identifies a Quadrilateral Refinement, Rtyp™! shall identify an Aligned Rectangular Region of Interest, and the
values of Rlex™!, Rley*!, Rwdt"! and Rhth*! shall describe a bounding rectangle that is refined into a quadrilateral, by
using the A, B, C and D bit-fields identified in Table M.49, together with the values of Rlcx!, Rlcy!, Rwdt' and Rhth'.
Together, these values supply four horizontal and four vertical coordinates, identified as:

AV

AVA V¥ B oY | i-1 Ali-1
/\LUJ = T\TUA y I\

ex 2 =Rlex+Ruvet— X3 =Riex -+ Rwet-—i-and
Y[0] = Rlcy™, Y[1] = Rlcy', Y[2] = Rlcy' + Rhthi — 1, Y[3] = Rlcy! + Rhth** — 1
These values shall satisfy the following constraints:

X[0] < X[1] < X[2] < X[3] and Y[0] < Y[1] < Y[2] < Y]3].

The fluadrilateral is defined by four vertices V1, V2, V3 and V4, having horizontal and vertical<¢aordinates (V1x,V1y),
(V24,V2y), (V3x,V3y) and (V4x,V4y). These vertices and associated edges are considered to.be included withip the
regign. The vertical coordinates of the vertices shall be obtained as follows:

V1y = Y[0]; V2y = Y[1]; V3y = Y[2]; and V4y = Y[3],

The horizontal coordinates of the vertices shall be obtained using the following equations:

=Dl
= T\1

11
L]

V1x = X[A], where A is the 2 bit field identified in Table M.49,taking values in the range 0 to 3;

V2x = X[(A+1+B) mod 4], where B is the 2 bit field identified in Table M.49, taking values in the ffange
0to 2;

V3x = X[(A+1+((B+1+C) mod 3)) mod 4], where CG.is'the 1 bit field identified in Table M.49; and
V4x = X[(A+1+((B+2-C) mod 3)) mod 4].

The ponnectivity of the vertices is determined by the 2 pit'field D identified in Table M.56, which takes values ip the
range 1 to 3. Table M.49bis identifies the three possible connectivity cases and the associated values of D.

Table M.49bis — Interpretingthe 2 bit D field of Rtyp' for quadrilateral refinements

DD Connectivity of quadrilateral vertices
01 V1i->V2-5V3->V4i-> V1
10 V1—->V3—>V4i->5V2->V1
11 V1i->V4-5V2-5V3-> V1

The pertices obtained by-fellowing the above procedure shall correspond to those of a well-formed quadrilateral refgion,
in which opposite edges,do not intersect, except possibly at their end-points.

NOTE 1 — Any orahedges may be degenerate, in the sense that the two vertices that define any edge may coincide. In this|way,
gpadrilateral refinements may be used to describe triangular regions, arbitrarily oriented lines (of width 1) or even isolated ppints.

If Rtlyp' identifies an Oriented Elliptical Refinement, Rtyp™!' shall identify an Aligned Elliptical Region of Interest, and

of a
d the
and

bous
valu 7 7 7 7
the vertical location at which the ellipse touches the left boundary of this bounding rectangle.

ding rectangle for the oriented elliptical region. In this case, the values of Rwdt' and Rhth' shall be equal to 1 an|

O dIl( Y O DOINJ 1O O O O O %% P Ou Upp OO UIdd

The oriented elliptical region may be obtained using either of the horizontal or vertical skewing procedures described
below; these procedures are equivalent, up to integer rounding effects. These procedures employ the following quantities:

Wo = Rwdt"}; Ho = Rhth*!; Xc = Rlex™; Ye = Rlcy™ ; o = (Rlex! — Xc) / Ho; B = (Yc — Rley') / Wo;
W, =Wo sgrt(1 — a - B); and Hy = Ho sqrt(1 — o - B).

Horizontal Skewing Procedure: Starting with an elliptical region centred at the location (Xc, Y¢), extending horizontally
by +W, and vertically by +Ho, shift each location (x,y) within this initial ellipse horizontally by an amount o - (Yc-y).
Location (x,y) belongs to the oriented ellipse if and only if it satisfies: (x — Xc — a( Yc-y))2 I W2 + ((y — Yc)?/ Ho? < 1.
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Vertical Skewing Procedure: Starting with an elliptical region centred at the location (Xc, Yc¢), extending horizontally by
+Wo and vertically by +H,, shift each location (x,y) within this initial ellipse vertically by an amount - (x-Xc). Location
(x,y) belongs to the oriented ellipse if and only if it satisfies: (y — Yc — B (x — Xc))?/ H? + ((x — Xc)?/ Wo? < 1.

The values of Rlcx' and Rlcy' shall satisfy:
Xc—Wpo < Rlcxi < Xc+Wo; Yec—Ho< R'C)/i <Yc + Ho.

Moreover, there shall be a y in the range —1 to 1, such that Rlcx' and Rlcy' satisfy the following compatibility constraint:

YWo — % < (Rlex! — Xc) < yWo + %; and yHo — %2 < (Yc — Rley') < yHo + %.
NOTE 2 — The compatibility constraint serves to ensure compatibility between the horizontal and vertical skewing procedures.

M.1
This
signd
digit
marK
The

anyw
the f

.17 Digital Signature box

box contains a checksum or digital signature that may be used to verify data contained within the filg.)This d
ture is used to protect a very specific byte stream within the file. Any change to that byte stream will invalidat
hl signature. For example, if a compressed codestream is signed, and then later modified by adding error resil
ers, the digital signature will indicate that the byte stream has been modified.

ype of a Digital Signature box shall be ‘chck' (0x6368 636B). The Digital Signature box is\optional and may ¢
here in the file except before the Reader Requirements box. There may be more thanone Digital Signature b
le. The contents of a Digital Signature box shall be as follows (see Figure M.39):

Styp

Ptyp

""""" ‘][\W[ %k

Styp:

T.801(21)_FM.39
Figure M.39 — Organization of the contents,of a Digital Signature box
Signature type. This field specifies the type©fdigital signature contained within this Digital Sign

box. This field is encoded as a 1-byte unsigned integer. Legal values of the Styp field are as sho
Table M.50.

Table M.50 — Legal Styp values

gital
e the
ence

ccur
DX in

pture
VN in

alue

Meaning

A checksum, generated by, applying the MD5 algorithm, as defined in IETF RFC 1321, to the source data, is st
in the DATA field of this-Digital Signature box as a sequence of bytes in the order specified by IETF RFC 132

red
.

The checksum is generated by applying the SHA-1 algorithm, as defined in ANSI X9.30.2, to the source data.
resulting signature is-stored in the DATA field of this Digital Signature box as a 20-byte big endian unsigned inte

NOTE — ThelSHA-1 algorithm is considered cryptographically weak and may not be suitable for some purpossg

may, howeyver; be suitable for use with the Recommendation | International Standard under some circumstances.

The
ger.

S; it

The digitalsignature is generated by applying the DSA algorithm, as defined in FIPS 186-4, to the source data.
signature consists of two unsigned integers, r and s. The DATA field shall be 40 bytes long. The first 20 bytes 4
be\the' value r, encoded as a 20-byte big endian unsigned integer. The second 20 bytes shall be the value s, encg
asla 20-byte big endian unsigned integer.

The
hall
ded

The digital signature stored in the DATA field of this Digital Signature box is generated by applying the H
signature algorithm PKCS #1 Version 1.5, as defined in FIPS 186-4, with the MD5 message digest algorithni

SA
, as

defined in IETF RFC 1321, to the source data.

The digital signature stored in the DATA field of this Digital Signature box is generated by applying the RSA
signature algorithm PKCS #1 Version 1.5, as defined in FIPS 186-4, with the SHA-1 message digest algorithm, as

defined in ANSI X9.30.2, to the source data. See note for the Styp value 1 above.

A ContentInfo value of the Cryptographic Message Syntax is stored in the DATA field of this Digital Signature box.
Its 'content’ field shall contain either a DigestedData value or a SignedData value, and in either case shall use the
‘external signatures' mechanism described in section 5.2 of RFC 2630 to apply the chosen digest or signature

algorithm to the source data.

All other values reserved.
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If key management is not an issue for a particular application (for example, if a checksum is being
sent, or if the recipient already knows the public key with which to verify a signature), and if the CMS
method (Styp = 5) is being used, it may help simple readers to include in the file an additional Digital
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Signature box using one of the other methods (Styp < 5) on the same source data. Readers without
CMS support would still be able to process the additional box.

Determination of any required public key is outside the scope of this Recommendation | International
Standard.

Source pointer type. This field indicates how the source data range that is signed by this Digital
Signature box is specified. This field is encoded as a 1-byte unsigned integer. Legal values of the Ptyp

field are as given in Table M.51.

Table M.51 — Legal Ptyp values

alue

Meaning

The source data that is signed by this Digital Signature box shall be all bytes of the file, starting with the.first i

up to the byte immediately preceding the box header for this Digital Signature box. If the source data lis speciffied

using a Ptyp of 0, then this Digital Signature box shall not be in any superbox in the file; it shall be at the top |
of the file.

yte,

pvel

The source data that is signed by this Digital Signature box shall be a range of bytes, starting with the byte af
location specified by the OFF field. The length of this range is specified by the LEN )fiéld. If the source dal
specified using a Ptyp of 1, then OFF shall point to the start of a box header and the seurce range shall include

complete boxes; the Digital Signature box shall be at the same level in the box hierarchy as the box pointed t
the OFF field.

the
a is
nly
by

All other values reserved.

The Format of

M.11.18) XML box

OFF:

LEN:

DATA: Signature data. This field contains the*digital signature produced from the source data range

signed by this Digital Signature box. This offset is relative to the first byte of the file. This fi
encoded as an 8-byte big endian unsigned integer. I the value of Ptyp is 1, then this field sha
exist.

Source data length. If non-zero, this field specifies the length in bytes of the source data range t
signed by this Digital Signature box. A valug0f zero specifies that the end of the source data rar
the last byte of the file. This field is encoded as an 8-byte big endian unsigned integer.

format of this data is as specified by, the Styp field.
the contents of the Digital Signature-box is given in Table M.52.

Table M.52 — Format of the contents of the Digital Signature box

Parameter. Size (bits) Value
Styp 1 0
Ptyp 1 0-1
OFF 64 0-(2%4-1); if Ptyp = 1
0 not applicable; if Ptyp =0
LEN 64 0-(2%4-1); if Ptyp = 1
0 not applicable; if Ptyp =0
DATA variable variable

Source data offset. This field specifies the offset in bytes tothe start of the source data range t%wat is

Id is
| not

hat is
ge is

The

The JP2 file format defines the XML box to contain a well-formed XML document as defined by W3C Recommendation:
Extensible Markup Language (XML) 1.0. In a JPX file, this box is extended to allow JPX readers to better make use of
the XML data. The format of the XML box is unchanged. However, a JPX reader should take the following actions to
parse the XML document, using the definitions provided by W3C Recommendations: XML Schema Part 1; and XML

Schema Part 2.

If the reader finds the "xsi:schemalLocation" attribute in the root element, then the structure of this XML
document or instance data is defined by a schema. This attribute specifies the physical location of the

schema document.

If the reader finds the "!IDOCTYPE" line in the header of the XML document, then the structure of the
XML document or instance data is defined by a Document Type Definition (DTD) document. This line

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023)
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specifies which DTD is used by this XML document or instance data, as well as the root element name

and the location of the DTD.

—  If the XML schema or DTD document referred to by the XML document contained within the XML box
contains a comment field of the form "<!--HUMAN_SCHEMA DTD_LOCATION: LOC -->", then a

reader may retrieve a human readable document from the URL specified by LOC. This document

shall

contain a human readable description of the schema or DTD. This document will support application

developers and users of the metadata.

M.11.19 MPEG-7 Binary box
This box contains metadata in MPEG-7 binary format (BiM) as specified in ISO/IEC 23001-1.

The type of an MPEG-7 Binary box shall be 'mp7b' (0x6D70 3762). It may be found anywhere in the file after the RJaader

Requirements Box. The contents of the MPEG-7 Binary box are as follows (see Figure M.40):

DATA

T.801(21)_FM.40

Figure M.40 — Organization of the contents of a MPEG-7 Binary-box
DATA: MPEG-7 BiM Stream.
M.11.20 Free box

The Free box specifies a section of the file that is not currently used and may/ke overwritten when editing the file. Re
shall{ignore all Free boxes. A Free box may be found anywhere in the file\except before the Reader Requirements b

The fype of a Free box shall be 'free' (0x6672 6565). As a free box contains meaningless data, the contents of a Freg
are undefined.

M.11.21 Compositing Layer Extensions box

If a JPX file involves a large number of compositing. layers, whose headers are constructed according to a repe
patteyn, it may be possible to describe them compactly using one or more Compositing Layer Extensions b
Compositing Layer Extensions boxes also allow aSsihgle animation to be separated into multiple alternate present]
thregds.

For gxample, a long sequence of multispectral images may be represented by codestreams, each of which use
Multicomponent Transformation extensions described in Annex J to provide four different three-channel rendition

compositing layers. The Compositing Layer Extensions box allows each of these five types compositing layers
assigned a separate presentation'thread, with its own timing for composition purposes. Moreover, the Compositing L
Extepsions box allows a.fong succession of such compositing layers, all formed in essentially the same way, fr
succession of codestreams; to be represented together in a compact form, along with any associated metadata.

Compositing Layer Extensions boxes may be found only at the top-level of the file (not within any superbox). If th
contgins any Gompositing Layer Extensions box, then it shall also contain a Compositions box, at least one Codest]
Header box and at least one Compositing Layer Header box. Moreover, all such boxes shall precede any Compos
Laygr Extensions boxes within the file.
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(as immediate sub-boxes only), one or more Compositing Layer Header boxes (as immediate sub-boxes only), ze
more Instruction Set boxes (as immediate sub-boxes only), together with zero or more auxiliary metadata boxes
(e.g., Label boxes, XML boxes and Association boxes). The order in which these boxes appear within the Compositing
Layer Extensions box is important and is explained below.

ro or

The type of the Compositing Layer Extensions box shall be 'jcIx' (0x6A63 6C78) and its contents shall be as follows (see

Figure M.41):
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Figure M.41 — Organization of the contents of a Compositing Layer Extensions box

Cjclx:
jpchC:

Gjclx:

Lg:

Number of Codestream Header boxes in the Compositing Layer Extensions box. Cjclx may be zero.

Codestream Header box c, where ¢ runs from 1 to Cjclx. The Codestream Header boxes, if any,
appear before any other boxes.

shall

Number of compositing groups in the Compositing Layer Extensions box. Gjclx shall be at least 1.
Compositing groups shall appear consecutively, immediately following any Codestream Header

boxes.

Number of Compositing Layer Header boxes in compositing group g, where g runs from 1 to Gjclx.

Lachall bha ot lnact 1

For
with
valu
Codsg
boxe

isetd:

Ljclx:

Tjclx:

Lref9:

Fjclx:

Cods

jpIhd:

Mijclx:

he last Compasiting Layer Extensions box in the file, if Cjclx is non-zero the value of Mjclx need not be pro
n the Compositing Layer Extensions Info box; in this case, the Compositing Layer Extensions Info box supplies a
of 0 in place of the Mjclx value and Mjclx is defined implicitly through the number, Ctotal, of actual Conti%
stream,boxes and Fragment Table boxes that appear either at the top-level of the file or within Multiple Codes

5. Specifically, in the case of the final Compositing Layer Extensions box in the file, unless the file contai
stream Header boxes at all, the value of Mijclx shall satisfy

a
oottt ust T

Compositing Layer Header box j, within compositing group g, where j runs from 1 tg Lg.
Compositing Layer Header boxes within each compositing group g shall precede any Instructio
boxes within compositing group g.

Number of Instruction Set boxes in compositing group g, where g runs from 1 ta.Gjclx. Ig may|
only in the last group — i.e., when g=Gjclx. All other Ig values shall be at least 1:

Instruction Set box i, within compositing group g, where i runs from 1 to lg. The Instruction Set b
if any, within compositing group g shall immediately follow the Compesiting Layer Header box4
compositing group g.

Total number of Compositing Layer Header boxes found within.the Compositing Layer Exten
box. This value shall equal the sum of the Lg values for g=1t0 g=Gjclx.

Number of presentation threads defined by the CompositingLayer Extensions box. This value
be equal to Gjclx if all compositing groups contaifmnstruction Set boxes. Otherwise, the
compositing group contains no Instruction Set boxeSand the value of Tjclx shall be equal to Gja
If there are no Instruction Set boxes at all, the value of Tjclx shall be 0.

Number of compositing layers implicitly referenced by the Instruction Set boxes iset?? to isq
where g runs from 1 to Tjclx. The procedure for calculating this value is given below.

Number of composited frames associated with each presentation thread defined by the Compos
Layer Extensions box. This value is;supplied by the Compositing Layer Extensions Info box ("
except possibly for the last Composition Layer Extensions box in the file; that box's Compos
Layer Extensions Info box.may hold the value 0 in place of an Fjclx value. Presentation th
defined by the final Composition Layer Extensions box may have different numbers of framg
determined by the thread's’compositing instructions and compositing layers.

Repetition factor for.the Compositing Layer Extensions box. The Compositing Layer Extension
defines a total of*Mjclx - Cjclx codestream headers and Mijclx - LjcIx compositing layers. The
of Mjclx is stpplied by the Compositing Layer Extensions Info box ("jIxi"), except possibly fg
last Composition Layer Extensions box in the file; that box's Composition Layer Extensions Infg
may hold-the value 0 in place of the Mjclx value, but only if Cjclx is non-zero. In this case the
of Mjelx shall be determined in the manner described below.
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Ctotal = Cprev + Mijclx - Cjclx,

where Cprev is equal to the number of top-level Codestream Header boxes, added to the total number of additional
codestream headers appearing within all preceding Compositing Layer Extensions boxes. This equation implicitly defines
the value for Mjclx when Cjclx is non-zero.

NOTE - In cases where a file is being generated dynamically, adding codestreams as they become available (e.g., from a camera),
it can be useful to provide 0 in place of the Mjclx value within the final Compositing Layer Info box.

If Instruction Set boxes are present, Tjclx > 0, and each of the initial Tjclx compositing groups defines a separate
presentation thread, then each presentation thread provides an alternate sequence of composited frames that extends the
sequence of frames created by the Composition box. The presentation thread inherits any composited frames created by
following the instructions in the Composition box, as explained in clause M.5.3.2.1. However, the instructions found in
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the Composition box do not relate to any of the compositing layers associated with Composition Layer Extensions boxes,
nor do any persistent composited frames created by the instructions found within a presentation thread persist into other
presentation threads, found in the same or a different Compositing Layer Extensions box.

It is possible that the file contains multiple Compositing Layer Extensions boxes, each of which provides a different
number of presentation threads, some possibly having no presentation threads at all. Together with the Composition box,
these offer T global presentation threads to renderers, where T is the maximum of the Tjclx values amongst all
Compositing Layer Extension boxes. For each t in the range 1 to T, global presentation thread t consists of the sequence
of composited frames offered by the Composition box, followed by the composited frames defined by compositing group
g = min{t, Tjclx} of each successive Compositing Layer Extensions box for which Tjclx is non-zero.

The setof codestream headers defined hy a (‘nmlnnci'ring ] ayer Extensions bhax shall be formed hy rplnlir‘n’ring the entire
set of CjcIx Codestream Header boxes Mjclx times and numbering the codestream header produced by the rth replica of
Codgstream Header box jpch, starting from r=0, as

Cprev +r - Cjclx + c.

The $et of compositing layers and associated headers defined by a Compositing Layer Extensions/box shall be forméd by
replifating the entire set of Ljclx Compositing Layer Header boxes within the box Mjclx times and numbering the

comyppositing layer associated with the rth replica of Compositing Layer header box jplhg'j as

Lprev +r - LjcIX + Yq<neg LN + j,

whete Lprev is equal to the number of top-level Compositing Layer Header boxes, added to the total number of additjonal
com;l)ositing layers defined by all preceding Compositing Layer Extensiops-boxes.

For ¢ach g from 1 to Tjclx, the composited frames associated with-présentation thread g are formed by applying the
comyt(ositing instructions found within Instruction Set boxes iset%% t0'iset?'9 to the compositing layers formed from the
Mijclk replicas of Compositing Layer Header boxes jcIh?* to jclh¥9.

The [ast Compositing Layer Extensions box in a file is not reqtiired to provide a value for FjcIx. Apart from this casg, all
presgntation threads in the Compositing Layer Header bax;shall have the same number of frames, Fjclx.

The [Compositing Layer Extensions box may also-contain other metadata boxes, such as Label boxes, XML bpxes,
Assdciation boxes and Cross-Reference boxes. These additional boxes are not replicated, unless they are found within a
replicated Codestream Header box or Compositing Layer Header box.

If Cdmpositing Layer Header boxes do nat contain Codestream Registration boxes, the compositing layer that is numtpered
withlindex n uses the codestream that is\snumbered with index n. If Codestream Registration boxes are used, they shall be
foungl in all Compositing Layer Header boxes, both at the top-level of the file and in all Compositing Layer Extengions
boxes. In this case, the codestréan indices contained in the Codestream Registration boxes that are found within a
Compositing Layer Header box,shall be remapped, according to the following procedure. An original codestream index
¢, foynd within a Codestream,Registration box that is found within a Compositing Layer Header box shall satisfy either:

0 < c <Ctop, or else

CpreW. < ¢ < Cprev+Cjclx,

where Ctop isequal to the number of top-level Codestream Header boxes in the file. Moreover, in the rth replica df the
Compositing-Layer Header box, this original codestream index c shall be mapped to Cmap(r,c), where:

Cmap(r,c) =c, if c < Ctop, else

Cmap(r,c) = Cprev-Ctop + r - Cjclx + c, if c > Ctop

If a Number List box is found anywhere within either a Compositing Layer Header box or a Codestream Header box that
is inside a Compositing Layer Extensions box, any codestream index c that is found within the Number List box shall
also be remapped to Cmap(r,c). Any compositing layer index n that is found within such a Number List shall be remapped
to Lmap(r,n), where:

Lmap(r,n) = n, if n < Ltop, else
Lmap(r,n) = Lprev-Ltop + r - LjcIx + n, if n > Ltop

and Ltop is equal to the number of top-level Compositing Layer Header boxes in the file.
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If a Number List box is found anywhere within a Compositing Layer Extensions box that is not within a Compositing
Layer Header box or a Codestream Header box, codestream indices ¢ and compositing layer indices n that are found
within the Number List box shall be interpreted as references to all codestreams Cmap(0,c¢) through Cmap(Mijclx-1,c) and
all compositing layers Lmap(0,n) through Lmap(Mjclx-1,n), respectively.

M.11.22 Compositing Layer Extensions Info box

The Compositing Layer Extensions Info box provides global information concerning repetition, compositing layers and
composited frames associated with a Compositing Layer Extensions box. This box shall only be found as the first box
inside a Compositing Layer Extensions box.

The type of the Compositing Layer Extensions Info box shall be 'jlxi' (0X6A6C7869) and it shall have the following
cont¢nts (See Figure M.42):

1
1
:
Mjclx Cjelx Ljclx Tjclx Fjelx | LIFE-
1
I

or0 or(

T.801(21)_FM.42
Figure M.42 — Organization of the Compositing Layer Extensions Info box

Mijclx or 0: Repetition factor for the Compositing Layer Extensions box;represented by a 4-byte unsigned
big endian integer. This value may be 0 only in the last Coetmpositing Layer Extensions bpx of
the file, and then only if Cjclx is non-zero; in this casethe repetition factor Mjclx is deternpined
using the value of Ctotal, as described in clause M.11.21.

Cjclx: Number of Codestream Header boxes in the €ompositing Layer Extensions box represg¢nted
by a 4-byte unsigned big endian integer.

Ljclx: Total number of Compositing Layer Header boxes found within the Compositing Layer
Extensions box represented by a 4-byte,unsigned big endian integer.

Tjclx: Number of presentation threads defined by the Compositing Layer Extensions box represg¢nted
by a 4-byte unsigned big endian-integer.

Fjclx or 0: Number of composited frames associated with each presentation thread defined by the

Compositing Layer Extensions box represented by a 4-byte unsigned big endian integer.| This
value may be 0 onlyif-Tjclx is 0 or within the last Compositing Layer Extensions box in the
file. In the latter case; the number of frames in each presentation thread is determined by the
compositing instructions themselves, together with the number of available compositing Igyers.

LIFE-START: The start time for the first composited frame in each presentation thread defined by the
Compositing Layer Extensions box, measured in milliseconds, relative to the start of the first
composited frame defined by the Composition (comp) box. This field shall appear only if Tjclx
is lon-zero and is represented by a 4-byte unsigned big endian integer.

If Tjglx is non-zero, the“diration of composited frames associated with the Composition box or previous Compoditing
Laygr Extensions boxes)shall be truncated, as required, in order to ensure that they are not presented beyond the point
defirfed by LIFE-START.

M.11.23 Multiple Codestream box

If a JPXAile contains a large number of codestreams, it may be useful to encapsulate them within one or more Multiple
Codgstream boxes. Each Multiple Codestream box identifies the number of codestreams which it contains, togetherfwith
information that ay attow Teaders 1o efficienty Tecover Specific Couestreams of 1Merest, A Multipte Codestream box
may contain contiguous codestreams, fragmented codestreams or both.

Multiple Codestream boxes may be found only at the top-level of the file or as immediate sub-boxes of other Multiple
Codestream boxes. Moreover, all top-level Contiguous Codestream boxes and Fragment Table boxes in a JPX file shall
precede any Multiple Codestream boxes.

If the file's compositing layers involve Codestream Registration boxes, the codestreams referenced by such boxes within
all top-level Compositing Layer Header boxes shall appear at the top-level of the file (not within Multiple Codestream
boxes). If the file's compositing layers do not involve Codestream Registration boxes, there shall be at least one top-level
codestream for each top-level compositing layer (i.e., for each compositing layer not defined by a Compositing Layer
Extensions box). In any event, the file shall contain at least one top-level codestream that is not found within a Multiple
Codestream box.
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NOTE 1 - For most purposes, these restrictions mean that the codestreams represented by Multiple Codestream boxes are likely to
be those that are associated with Codestream Header boxes found within Compositing Layer Extensions boxes. However, this need
not always be the case, and there is no implied correspondence between Multiple Codestream boxes and Compositing Layer
Extensions boxes.

The type of the Multiple Codestream box shall be 'j2cx' (0x6A32 6378) and it shall have the following contents (see

Figure M.43):
j2ci ip2c/fibl/j2ex jp2c/fibl/j2ex  free/mdat free/mdat
T.801(21)_FM.43
Figure M.43 — Organization of the contents of a Multiple Codestream box
j2ci: A Multiple Codestream Info box, specifying the total number of codestreams contained w

M.1

The
Cods
Cods

N
hpve the same length, and all represent the same number of codestreams, except-possibly the last sub-box. In particular, this rj
t
T

C

e

N

Tlable boxes within a Multiple Codestream boxes, even ifithe actual number of codestreams is not definitely known. If the nu
of codestreams turns out to be smaller than N, the Nesyvalue within the Multiple Codestream Info sub-box may be rewritte
t

f

this Multiple Codestream box.

jp2c/ftbl/j2cx: A Contiguous Codestream box, a Fragment Table box or another Multiple Codestream
The total number of codestreams found within these boxes shallagree with the value iden
via the Multiple Codestream Info box.

box.
OTE 2 - It is advisable for file writers to construct Multiple Codestream boxes.from sub-boxes that all have the same tyjq
at it is advisable to embed Fragment Table boxes rather than Contiguotis Codestream boxes within a Multiple Codestrean
his is especially useful in cases where the Multiple Codestream box-contains a large number of codestreams, since it all
ader to use the information found in the Multiple Codestream Infe box to efficiently locate codestreams of interest. The

se they might be found in other files.
OTE 3 — In some cases, it may be advantageous for a writer to allocate space to accommodate a fixed number N of Frag

e unused Fragment Table boxes may be rewritten as'Free boxes, without affecting other boxes that may have been written
le. If the number of codestreams turns out to.be"larger than N, additional Multiple Codestream boxes may be written.

Table M.53 — kormat of the contents of the Multiple Codestream box

Parameter Size (bits) Value
jeci 128 varies
Jp2c/ftbl/j2cx varies varies
mdat varies varies

.24 Multipler€odestream Info box

Multiple-:Godestream Info box shall only be found as the first box inside a Multiple Codestream box. The Mu
stream’ Info box provides the total number of codestreams contained or referenced from within this Mu

ithin

box.
ified

mdat/mfree:  Zero or more Media Data or Free boxes; these shall app€af-after all Contiguous Codestream,
Fragment Table and Multiple Codestream boxes that@ppear within this Multiple Codestfeam

e, all

leans

box.
WS a
ctual

bntents of the codestreams referenced by Fragment Table boxes might be written to Media Data boxes within the same fille, or

ment
mber
h and
o the

tiple
tiple
hs of

stream Box, along with auxiliary information that may allow readers to efficiently recover specific codestrea

interest:

The type of the Multiple Codestream box shall be 'j2¢i' (0x6A32 6369) and it shall have the following contents (see
Figure M.44):
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Ncs Ltbl
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Figure M.44 — Organization of the contents of a Multiple Codestream Offsets box
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Ncs: Total number of codestreams represented by the Multiple Codestream box, within which this box

occupies the first position. This value is represented by a 4-byte unsigned big endian integer.
Ltbl:  This field is represented as a 4-byte unsigned big endian integer. This value is either 0 or e

Ise it

represents the common size and common number of codestreams that are represented by all of the
Contiguous Codestream, Fragment Table or Multiple Codestream boxes that follow this box, except
possibly the last one. Specifically, if B is the number of Contiguous Codestream, Fragment Table or

Multiple Codestream boxes that follow this box as immediate sub-boxes of the containing Mu

Itiple

Codestream box, and if Ltbl is not equal to zero, then at least the first B-1 of these Contiguous
Codestream, Fragment Table or Multiple Codestream sub-boxes each have a length of L bytes,
including the box header, and each represent a total of 2R codestreams, where R < 64, L < 22% and

Htht=R—2%+1

Table M.54 — Format of the contents of the Multiple Codestream Info box

Parameter Size (bits) Value
Ncs 32 1-(2%-1)
Ltbl 32 0- (2%2-1)

M.11.25 Grouping Box

The Grouping box provides a mechanism to group other boxes within a container withoeut specifying specific associd
as in[the Association box. The Grouping box is a superbox.

The type of the Grouping box shall be 'grp\040' (0x6772 7020) and it shall have the following contents (see Figure M

0 N-1
Box Box

T.801(21)_FM.45
Figure M.45 — Organization of the contents of a Grouping box

The [Grouping box shall not be the first box within an Association box. Logically, all boxes found within the Groy
box ghall be interpreted as if they were found at the level of the grouping box. However, boxes that are required

sub-Ipoxes of a particular super-box, accarding to the remainder of this specification, shall not be found within Grod
box

OTE - Grouping boxes could be éxpected to appear in places where Association boxes might appear. The sub-boxeg
drouping box would typically be boxes that could be expected to appear within an Association box. Examples of such sub-
include (but are not limited t0)\L:abel boxes, Number List boxes, Region of Interest Description boxes, XML boxes, Assoc
bpxes, other Grouping boxes and Cross Reference boxes that provide references to such boxes. Because sub-boxes of a Gro
bpx would have the same\rieaning if found at the same level as the Grouping box, the use of Grouping boxes does not hav
s¢mantic implicationsyfor the contained metadata. However, the use of Grouping boxes may facilitate the selective delive
etadata of intereSt.0y a JPIP server, using the tools and mechanisms defined in Rec. ITU-T T.808 | ISO/IEC 15444-9.

M.11.26 Decomposed XML box

tions

45):

ping
0 be
ping

of a
DOXES
ation
iping
E any
ry of

The Pecompesed XML box specifies front-matter from an XML document that is decomposed through a hierarc
Assc:atlon boxes. When placed as the first box |n5|de an assomatlon box, the Decomposed XML box allo

y of
for

The Decomposed XML box shall only be found as the first box within an association box, and that parent association box
shall contain only the Decomposed XML box, other association boxes (with XML Header boxes as their first box) and

XML boxes.

The type of the Decomposed XML box shall be 'dxml' (0x786D 6C64) and it shall have the following contents (see Figure

M.46):
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LID

ID FM
T.801(21)_FM.46

Figure M.46 — Organization of the contents of a decomposed XML box
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LID: Length of the ID field, specified as a 2-byte unsigned integer

ID: A text string specifying an ID for this XML document. The length of this field is the LID field, in
bytes.

FM: A text string specifying the front-matter of the XML document. This string shall centain the

"<?xml>" tag and preferably all other complete XML elements describing the type of data i

in XML; XML Schema Part 1; and XML Schema Part 2.

.27 XML Header box

XKML Header box specifies an ID and the opening tag for a single XML element. When(placed as the first box i
sociation box, the XML Header box allows for a well-formed XML document to be.decomposed into a hierarc
ture using boxes; The content of the XML element specified in the XML Header/box are taken as boxes 2—N w
Association box. The XML Header box shall be found only as the first boxtinside an Association box, and
ciation box shall only contain the XML Header box, other Association boxés (with XML Header boxes as thei
and XML boxes.

ype of the XML Header box shall be 'hxml' (0x786D 6C68) and it shal;have the following contents (see Figure M.4

LID

D OELT
T.801(21)_FM.47

Figure M.47 — Organization of the contents of a XML header box

LID: Length of the ID field, specified as a 2-byte unsigned integer
ID: A text string spegifying an ID for this XML element. The length of this field is the LID fie
bytes

OELT: A text string specifying the opening tag, including left and right angle brackets ('<' and '>") ar
attributes for this XML element

P Dealing with-unknown boxes
hforming JPX:file may contain boxes not known to applications based solely on this Recommendation | Internat]

Hard. If a.conforming reader finds a box that it does not understand, it shall skip and ignore that box.

B -"“Using the JPX file format in conjunction with other multi-media standards (informative)

h the

document, such as namespace and schema tags, as defined in W3C Recommendations: Namespaces

hside
hical
ithin
that
first

7):

onal

Whi

e the JFX TiIle Tormat provides a powertul arcnitecture Tor storing stitl-images, there are many applications in

hich

still-images are stored in conjunction with other multi-media types. For example, many digital still cameras allow the user

to ca

pture an audio annotation to describe a particular photograph.

This integration with other multimedia types is facilitated by the use of the Box structure for encapsulating data within
the JP2 and JPX file format. The box structure itself has the same binary definition as a QuickTime atom or an MPEG-4
atom. As such, a file can be created using both JPX boxes and Quicktime or MPEG-4 atoms. Provided all offsets within
the file are correct with respect to the data location from the beginning of the file (and take into account the presence of
all boxes and atoms), a dual-mode file can be created.

For example, it is very easy to create a file that contains both a still photograph and an audio annotation. The boxes
required to store the still photograph file can be combined with the atoms required to store a MPEG-4 audio file into a
single file, as the MPEG-4, JPX and JP2 formats are flexible with respect to the location of many important boxes or

210

Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

atoms. A file writer would only need to be concerned that the offsets within the boxes and atoms are all determined such

that they point to the location of the data in the combined file.

A reader that supports only the JPX file format would treat the file as a photograph. A reader that supports only the
MPEG-4 audio standard would treat the file as an audio file. A new reader that supports both standards could then provide

advanced features by combining photographic capabilities with audio capabilities.

M.14  Decomposing an XML document into multiple boxes

Using the Decomposed XML box, the XML Header box, and the Association box, a single XML document can be
decomposed into multiple boxes; this may be necessary to break a large document into smaller chunks that can be retrieved

sepafately through an Interactive protocol.
Whi

e file writers are given some flexibility as to how a document is broken up, there is one important restriction

If a

specific element is to be decomposed using an XML Header box and an Association box, then all ancestors of that element,

up tq the root of the original XML document shall also be decomposed.

Within the structure rooted at the Association box containing the Decomposed XML box, the filexshall contain
Decgmposed XML boxes, XML Header boxes, XML boxes, and other Association boxes. Other Boxes shall not be f

with{n the hierarchy.

NOTE — While it is conforming to include a decomposed XML document in an isolated JPX file,/this capability is intend
ovide a mechanism to decompose the contents of an XML box into a sequence of box in situations where only portions
ML box are to be returned or transmitted, for example by a JPEG 2000 image server operating in the context of Rec. ITU-T
SO/IEC 15444-9 (JPIP). In these cases, the server might transcode a standard XML boxifito a sequence of boxes upon lo
je original file which would facilitate selective delivery of the portions of the XML content of interest by a JPIP server, usi

X

aceholder and stream equivalence tools and mechanisms defined in Rec. ITU-T T(808 | ISO/IEC 15444-9.

o =t

Infoimative Example: Consider the following well-formed XML document:

<?xml version="1.0" encoding="is0o-8859-1"7?>

<schema xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlns:po="http://www.example.com/graphic"
targetNamespace="http://www.example,@om/graphic"
elementFormDefault="qualified"
attributeFormDefault="unqualified">

<shape id="box" z="2">
<rect x="20" y="19" w="40" hx"28" />

</shape>

<smallshape id="spot" z="0">
<point x="40" y="22">

</smallshape>

<shape id="pinhole" z="1{">
<circle x="40" y="22" r="10" />

</shape>

This|XML document might be deeomposed as indicated in Figure M.48.

only
bund

ed to
f the
[.808
hding
g the
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‘dxml’

ID: Camera graphic

FM:

<?xml version="1.0" encoding="iso-8859-1"?>

<schema xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlns:po="http://www.example.com/graphic"
targetNamespace="http://www.example.com/graphic"
elementFormDefault="qualified"
attributeFormDefault="unqualified">

‘asoc

‘hxml':
ID: Lense

OELT:
<shape id="pinhole" z="1">

xml '

<smallshape id="spot" z="0">
<point x="40" y="22">
</smallshape>

‘asoc'

‘hxml'
ID: Camera body
OELT:

<shape id="box" z="2">

xml'":
<circle x="40" y="22" r="10" />

212

Figure M.48 — Example Box layout for a Decomposed XML box
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Annex N

JPX file format extended metadata definition and syntax

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex defines a comprehensive set of metadata elements that may be embedded in a JPX file within XML boxes.
Use of, and conformance to, this form of metadata is optional for JPX readers.

Thisjannex is not actively maintained and should not be used for new applications.

N.1 Introduction to extended metadata

Metddata is additional information that is associated with the primary data (the image). In the™context of| this
Recgmmendation | International Standard, it is additional data linked with the image data beyond.thepixels which dgfine
the ifnage. Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be.censistently maintained
throyghout the image lifecycle. In today's environment of image editing applications, rapid transmission via the Intgrnet,
and high quality photographic printers, the lifecycle of a digital image may be very long.as'well as complex.

Image metadata is a building block for digital imaging that may be used within-the wide spectrum of the imdging
workflow. This annex defines a standard set of image metadata based on a generic-concept that may be further diyided
into fonceptual metadata groups. Each of these groups describes a unique aspect of the image. By partitioning metadata
into [discrete groups, users may extend a particular block without affecting the entire architecture thereby ensyiring
semgntic interoperability while allowing others to add value to the metadataiand image data itself.

N.2 Additional references for extended metadata
— ASTM E1708-95: Standard Practice for Electrenic Interchange of Color and Appearance Data, 1995.
— |IETF RFC 2426: vCard MIME Directory Profile, September 1998.

— IS0 12232:1998, Photography — Electranic still-picture cameras — Determination of 1SO speed.
— 1SS0 12233:2000, Photography — Electronic still-picture cameras — Resolution measurements.

— 1S0 14524:1999, Photography +Electronic still-picture cameras — Methods for measuring opto-electfonic
conversion functions (OECFs);

— JEIDA: Digital Still Camera File Format Standard (Exif). Version 2.1, June 1998.

—  WIPO. Berne Convention for the Protection of Literary and Artistic Works. Paris Act of 24 July 1971,
amended 28 Septémper 1979.

- WIPO. World\Intellectual Property Organization Copyright Treaty, 1996.

N.3 Scope of metadata definitions

This|annex consists-of five logical groups of metadata as well as common definitions of dataypes that are referred {o by
othe metadata‘definitions. While each group is logically partitioned, they may be linked to each other to form additjonal
semgntics.

N.3.1 Image Creation metadata

The Image Creation metadata defines the "how" metadata that specifies the source of which the image was created. For
example, the camera and lens information and capture condition are useful technical information for professional and
serious amateur photographers as well as advanced imaging applications.

N.3.2  Content Description metadata

The Content Description metadata defines the descriptive information of "who," "what," "when," and "where" aspect of
the image. Often this metadata takes the form of extensive words, phrases, or sentences to describe a particular event or
location that the image illustrates. Typically, this metadata consists of text that the user enters, either when the images are
taken or scanned or later in the process during manipulation or use of the images.
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N.3.3  History metadata

The History is used to provide partial information about how the image got to the present state. For example, history may
include certain processing steps that have been applied to an image. Another example of a history would be the image
creation events including digital capture, exposure of negative or reversal films, creation of prints, transmissive scans of
negatives or positive film, or reflective scans of prints. All of this metadata is important for some applications. To permit
flexibility in construction of the image history metadata, two alternate representations of the history are permitted. In the
first, the history metadata is embedded in the image metadata. In the second, the previous versions of the image,
represented as a URL/URI, are included in the history metadata as pointers to the location of the actual history. The
history metadata for a composite image (i.e., created from two or more previous images) may also be represented through
a hierarchical metadata structure. While this Specification does not define the "how" or "how much" part of the processing
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CL, 1T dOes enable 1ogging or certain processing steps applied to an Image as Nints Tor Tuture use.

| Intellectual Property Rights metadata

ntellectual Property Rights (IPR) metadata defines metadata to either protect the rights of the owner of the image or pr
br information to request permission to use it. It is important for developers and users to understand 'the implicatio]

Fundamental metadata types and elements

Fundamental metadata types define common datatypes that may be used within each metadata groups. Those in
dress type or a persona type which is a collection of other primitive datatypes. The Fundamental metadata elen
e elements that are commonly referenced within other metadata groups. These-include a definition for lang
fication and a timestamp.

b Image ldentifier metadata

e Identifier metadata is used to uniquely identify the image.

Metadata syntax

efined in ITU-T T.800 | ISO/IEC 15444-1 Annex I, the JP2 file format allows XML format metadata to be cont
n the box structure. Metadata defined by this annex-shall be well-formed XML as defined by XML 1.0. The
conform to all the normative requirements of N.6y 1ot just those expressed in the DTD and the XML Schema

| Metadata schema definition language

Recommendation | International Standard uses the XML Schema syntax as defined by XML Schema Part 1
| Schema Part 2 to describe the elements of the metadata.

Namespace

L namespace is a collection of names, identified by a Universal Resource Identifier (URI), that allows

ments of different sourCes to use elements with the same names, to be merged within a single document wi
Ision. Considering“JPX metadata, either incorporating other metadata for extensibility or being used in
cations, it is important to define a XML namespace for JPX elements and attributes. To specify the JPX

space the following URI is defined.

xmilns : xsd="http://www.jpeg.org/jpx”

following namespace are used for XML and XML Schema defined elements, attributes and values:

pctual property and copyright information on digital images to properly protect the rights of the owner.0fthe image datg.

Dvide
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lude
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bther

ML

xmlns:xml="http://www.w3.0rqg/XML/1998/namespace/”

xmlns:xsd="http://www.w3.0rg/2001/XMLSchema”

N.4.3  Document type definition information

An XML Document type definition (DTD) for this Recommendation | International Standard is defined by the DTD
specified in clause N.8.

The Formal Public Identifier (FPI) for this DTD shall be:

PUBLIC ”-//SC29WG1/DTD JPXXML/XML//EN”

This FPI shall be used on the DOCTYPE declaration within a XML document referencing the DTD defined by this
Recommendation | International Standard.
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The following URL references the DTD for this Recommendation | International Standard:
"http://www.jpeg.org/metadata/15444-2.dtd”

In metadata defined by this annex, a DOCTYPE declaration shall be present prior to the root element of the XML
document. The name in the DOCTYPE declaration shall be set to the root element name for the defined boxes in
clause N.5. The system identifier may be modified appropriately to reference the DTD expressed in clause N.8.

N.4.4 XML Schema information

An XML Schema for this Recommendation | International Standard is defined by the XML Schema specified in clause N.9.

The following URL references the XML Schema for this Recommendation | International Standard:
"http://www.Jjpeg.org/metadata/15444-2.xsd”

Whefe an XML Schema location is used in metadata defined by this annex, the root element shalhyeontaip an
xsi:sghemal ocation attribute listing the jp namespace as specified in clause N.4.2 and the appropriate URL.referenge of
the XML Schema file expressed in clause N.9.

N.5 Defined boxes

The following boxes are defined as part of JPX file format extended metadata. All boxes defined in this annex are optjonal
unlegs otherwise stated. If a JPX reader supports a given box, it shall understand all the €lements within the box.

N.5.1  Image Creation metadata box

The Image Creation metadata box defines metadata that are related to the creation of a digital image. The scope of this
box {s applicable to metadata elements that are relevant to the creation of theddigital image data, i.e., camera and scgnner
devi¢e information and its capture condition as well as the software or firmware to create such image. It defines the "how
metadata that specifies the origin of the image.

The type of the Image Creation box shall be 'xmI\040' (0x786D 6€20) as defined in ITU-T T.800 | ISO/IEC 15444-1,
clauge 1.7.1. The contents of this box shall be as follows (see Eigtre N.1):

.

ICre T.801(21)_FN.1

Figure N.1 — Organization of the contents of Image Creation box

ICre:  Image Creation metadata field. This field shall be well-formed XML as defined by XML 1.0.

Table N.1 — Format of the contents of the Image Creation box

FieJd name | Size (bitS) Value
ICre Variable This field contains an XML document as defined in clause N.4, with the root element
IMAGE_CREATION, containing metadata defined in clause N.6.1.
N.5.2  Content Description metadata box

This|box somprises the content description of an image. The content description has two main purposes:

- F;Idt:y :t warll bC uocd tU u:aaa;f‘y thC ;IIIGUC. :IIIQyCD p:abcd ;II Aa databaoc IICCGl tU bC Cl\tl autcd fIUII that
database. For any image to be useful (happy snaps saved in the file system of a personal computer through
to an extensive professional photo library), this is required. This classification may be used to search for
images.

—  Secondly: Once an image is retrieved, some data which describes the image but is not useful when
searching may be included. For example — "Bob is the guy asleep on the lounge" is not all that useful when
searching, but is useful when describing the content.

The metadata listed in this box contains data for both of the above cases.

The type of the Content Description box shall be 'xmI\040' (0x786D 6C20) as defined in ITU-T T.800 | ISO/IEC 15444-1,
clause 1.7.1. The contents of this box shall be as follows (see Figure N.2):
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CDes T.801(21) FN.2
Figure N.2 — Organization of the contents of Content Description box

CDes:  Content Description field. This field shall be well-formed XML as defined by XML 1.0.

Table N.2 — Format of the contents of the Content Description box

eld name Size (bits) Value

CDes Variable This field contains an XML document as defined in clause N.4, with the reot)élement
CONTENT_DESCRIPTION, containing metadata defined in clause N.6.2.

F

N.5. History box

This|box contains the history of metadata of an image. The History metadata is used to provide,partial information gbout
how |[the picture got to the present state. This data is only approximate because:
— some of the data is collapsed, thus providing only a summary;
— some of the data may not have been properly entered because applicdtions used were not able to update
the history metadata.
The History box contains a summary of basic image editing operations that have already been applied to the imagg¢ and
previous version(s) of the image metadata. The History metadata is not.deSigned to be used to reverse (undo) image
editifg operations.
The fype of the History box shall be 'xmI\040' (0x786D 6C20) as defified in ITU-T T.800 | ISO/IEC 15444-1, clause |.7.1.
The gontents of this box shall be as follows (see Figure N.3):

Hist T.801(21)_FN.3
Figure N.3 — Qrganization of the contents of History box

Hist: History field. This field shall be well-formed XML as defined by XML 1.0.

Table N.3 — Format of the contents of the History box

dname | Size (bits) Value

VIHist Variable This field contains an XML document as defined in clause N.4, with the root element HISTORY,
containing metadata defined in clause N.6.3.

Fi

o)

N.5.4 Intelectual Property Rights box

This|box contains Intellectual property rights (IPR) related information associated with the image such as moral rights,
copyrights.as well as exploitation information.

The type of the Tntellectual property rights box shall be Jp21" (OX6A 70 3269) as defined in ITU-T 1.800 [TSO/TET 15444-
1, clause 1.6. The contents of this box shall be as follows (see Figure N.4):

IPR T.801(21) FN.4
Figure N.4 — Organization of the contents of Intellectual Property Rights box

IPR: Intellectual Property Rights field. This field shall be well-formed XML as defined by XML 1.0.
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Table N.4 — Format of the contents of the Intellectual Property Rights box

Fie

Id name Size (bits) Value

IPR Variable This field contains an XML document as defined in clause N.4, with the root element IPR, containing

metadata defined in clause N.6.4.

N.5.5 Image Identifier box
This box contains the image identifier metadata of an image. The Image Identifier metadata is used to uniquely identify

the image.
The AVial= of the Imngn ldentifier box shall be 'xmI\040" (nyman R(")n) as defined in ITU-T T 800 ! ISQUEC 15444-1,
clauge 1.7.1. The contents of this box shall be as follows (see Figure N.5):
Imgld T.801(21)_FN.5
Figure N.5 — Organization of the contents of Image Identifier box
Imgld: Image Identifier field. This field shall be well-formed XML as defined by XML 1.0.
Table N.5 — Format of the contents of the Image ldentifier box
FieJd name | Size (bits) Value
mgld Variable This field contains an XML document as defined in clause N.4, with the root element IMAGE] ID,
containing metadata defined in clause N.6.5.
N.6 Metadata definitions
This|clause specifies the metadata element syntax and-semantics defined as part of JPX file format extended metgdata.
EacH of the following metadata elements is based on the XML format as defined in XML 1.0. A JPX reader shall ignore
metadata elements it does not understand.
N.6.1 Image Creation metadata
This|element specifies information that are Televant to the creation of the image file. This element may contain the|sub-
elements listed below. See also Figure N.6.
<xsd:elemept\name="IMAGE CREATION">
<xsd:domplexType>
£Xsd:sequence>
<xsd:element ref="jp:GENERAL CREATION INFO" minOccurs="0"/>
<xsd:element ref="jp:CAMERA CAPTURE" minOccurs="0"/>
<xsd:element ref="jp:SCANNER CAPTURE" minOccurs="0"/>
oU.cCLIlEIIL rel—= _jp «oUl T VVAI:\JL_&A:\JLAJ. 1UN I[lJ‘.IlUL,L,uJ_ o— U
<xsd:element ref="jp:CAPTURED ITEM" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
Figure N.6 — Schema of the Image Creation metadata
217
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N.6.

This
base

GENERAL_CREATION_INFO:

CAMERA_CAPTURE:

SCANNER_CAPTURE:

SOFTWARE_CREATION:

General creation information. This element specifies generic information
on how the image was created. The syntax of this element is specified in
clause N.6.1.1.

This element specifies a camera capture metadata of a scene. The syntax of
this element is specified in clause N.6.1.2.

This element specifies scanner capture metadata that may be used for
various scanners such as flatbed and film scanners. The syntax of this
element is specified in clause N.6.1.8.

This element specifies software information that created the original digital

imngn The cynfnv of this element is cpnnifinrl nclause N6 110

CAPTURED_ITEM:

 on the values stored here. For example,

.1 General Creation Information metadata

This element contains description of the item that was digitallycaptured.
The syntax of this element is specified in clause N.6.1.11.

element specifies general information on how the image was created. Applications may choosetoskip further paysing

if the application is only interested in digital caméra' metadata, it can|skip

addifional parsing based on the Image source value. This element may contain the sub-elements listed below. Seq also

Figu

218

e N.7.

<xsd:complexType>

<xsd:sequence>

<xsd:element
minOccurs="0"/>

</xsd:sequence>

</xsd:complexType>

</xsd:element>

<xsd:element name="GENERAL CREATION INFO">

<xsd:element name="CREATION TIME" type="xsd:dateTime" minOccurs="0"/>
<xsd:element name="IMAGE SOURCE"_type="jp:tLangString" minOccurs="0"/>
<xsd:element name="SCENE TYPE \type="Jjp:tLangString" minOccurs="0"/>

<xsd:element name="IMAGE CREATOR" type="jp:tPerson" minOccurs="0"/>

<xsd:element name="OPERATOR ID" type="Jjp:tLangString" minOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

name="OPERATOR ORG" type="jp:tOrganization”

CREATION_TIME:

Figure N.7 — Schema of the General Creation Information metadata

This element specifies the date and time the image was created. | This
element should be stored when the creation process started. (E.g., itmay
be a 8 minute exposure.) This element should never be changed after it is

IMAGE_SOURCE:

Rec. ITU-T T.801 (V3) (08/2023)

aeitton 1n tha pmann craatinn doviicn
Yt tHE - Hage-CreatBr-aevrees

This element specifies the device source of the digital file, such as a film
scanner, reflection print scanner, or digital camera. Table N.6 lists
suggested values for this element.
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Table N.6 — Image Source values

Value Meaning
Digital Camera Image create by a digital camera
Film Scanner Image create by a film scanner
Reflection Print Scanner Image create by a reflection print scanner (commonly referred to as flat bed)
Still From Video Image create by from video
Computer Graphics Image digitally created on computers
SCEI’\‘II E_T\IIPE: Th;o C:CIIICI It JPCh;f;CD thC tyPU Uf SUCTIT thﬂt VAL ] \..uptul Ud. :t d;ffcl CI1 |ateS
"original scenes™ (direct capture of real-world scenes) from-second
generation scenes" (images captured from pre-existing hardcopy, imgges).
It provides further differentiation for scenes that are digitally,.compgpsed.
Table N.7 lists suggested values for this element.
Table N.7 — Scene type values
Value Meaning
Original Scene Direct capture of real-world scenes
Secpnd Generation Scene Images captured from pre-existing hardcopy images such a photograph
Digjtal Scene Generation Graphic arts or images digitally composed
IMAGE_CREATOR: This element specifies theshame of the image creator. The image crpator
may be, for example, thephotographer who captured the original pigture
on film, the illustrator;or graphic artist who conducted the image-creption
process, etc. See Person type (clause N.7.1.13) for the format of| this
element.
OPERATOR_ORG: Operator organization. This element specifies the name of the sejvice
bureau, photofinisher, or organization where the image capture prcess
(photographed, scanned or created by software) is conducted.| See
Organization type (clause N.7.1.14) for the format of this element.
OPERATOR_ID: This element specifies a name or ID for the person conducting the capture
process.
N.6.1.2 Camera Capture metadata
This|element specifies a camerg capture of a scene. This element may contain camera and lens information, d¢vice
chargcterization and camera capture settings. See also Figure N.8.
Rec. ITU-T T.801 (V3) (08/2023) 219
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<xsd:element name="CAMERA CAPTURE">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="CAMERA INFO" type="jp:tProductDetails"
minOccurs="0"/>

<xsd:element name="SOFTWARE INFO" type="jp:tProductDetails"
minOccurs="0"/>

<xsd:element name="LENS INFO" type="jp:tProductDetails"
minOccurs="0"/>

<xsd:element ref="jp:DEVICE CHARACTER" minOccurs="0"/>
<xsd:element ref="jp:CAMERA SETTINGS" minOccurs="0"/>

<xsd:element name="ACCESSORY" type="jp:tProductDetails" min@®ccurs="0"

maxOccurs="unbounded" />
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.8 — Schema of the Camera Capture metadata

CAMERA_INFO: Camera information. This element specifies information of the camer.
captured thesimage. See Product Details type (clause N.7.1.21) foj
format of this element.

SOFTWARE_INFO: Software information. This element specifies information abou
software or firmware used to capture the image. See Product Details
(clause N.7.1.21) for the format of this element.

LENS_INFO: Lens information. This element specifies information about the leng
captured the image. See Product Details type (clause N.7.1.21) fo
format of this element.

DEVICE_CHARAETER: Device characterization. This element specifies the tech
characterization of the digital capture device. The syntax of this elem
specified in clause N.6.1.3.

CAMERANSETTINGS: Camera capture settings. This element specifies the camera settings
when the image was captured. The syntax of this element is specifi
clause N.6.1.7.

ACCESSORY: This element specifies the information of the accessories used wit

camera to capture the image. Professional and amateur photographers

that
I the

the
type

that
I the

hical
Nt is

used
bd in

N the
may

want to keep track of a variety of miscellaneous technical information,

such

as the use of extension tubes, bellows, close-up lenses, and other
specialized accessories. See Product Details type (clause N.7.1.21) for the

format of this element.
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N.6.1.3 Device Characterization metadata

This element specifies the technical characterization of the digital capture device. This element may contain the sub-

elements listed below. See also Figure N.9.

<xsd:element name="DEVICE CHARACTER">
<xsd:complexType>

<xsd:sequence>

sd-eclement h;\mm:"QFT\TQﬂpiTF‘(‘HNOT QGY" minQOccnrs="0"
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="One-Chip Color Area"/>
<xsd:enumeration value="Two-Chip Color Area"/>
<xsd:enumeration value="Three-Chip Color Area"/>
<xsd:enumeration value="Color Sequential Area"{/>
<xsd:enumeration value="Trilinear"/>
<xsd:enumeration value="Color Sequentigl Linear Sensor"/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

minOccurs="0"/>

minOccurs="0"/>

minOccurs="0"/>

minOccurs="0"/>
<xsd:element ref="jp:SPATIAL FREQ RESPONSE" minOccurs="0"/>
<xsd:elemept\ref="jp:CFA PATTERN" minOccurs="0"/>

<xsd:elefment ref="jp:0ECF" minOccurs="0"/>

minOccurs="0"/>
</&sd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

<xsd:element name="FOCAL PLANE' RES" type="jp:tDoubleSize"

<xsd:element name="SPECTRAL SENSITIVITY" type="xsd:string"

<xsd:element name="ISO \SATURATION" type="jp:tNonNegativeDouble"

<xsd:element name="ISO NOISE" type="jp:tNonNegativeDouble"

<xsdzelement name="MIN F NUMBER" type="jp:tNonNegativeDouble"

Figure N.9 — Schema of the Device Characterization metadata

SENSOR_TECHNOLOGY: This element specifies either the type of image sensor or the sensing
method used in the camera or image-capturing device. Table N.8 lists

suggested values for this element.
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Table N.8 — Sensor technology values

Value

Meaning

One-Chip Colour Area

An one-chip colour area sensor technology used.

Two-Chip Colour Area

A two-chip colour area sensor technology used.

Three-Chip Colour Area

A three-chip colour area sensor technology used.

Colour Sequential Area

A colour sequential area sensor technology used.

Trilinear

An trilinear sensor technology used.

Colour Sequential Linear Sensor A colour sequential linear sensor technology used.

FOCAL_PLANE_RES:

SPECTRAL_SENSITIVITY:

Focal plane resolution. This element specifies the number of pixel
meter in the X (width) and Y (height) directions for the main,image
resolution stored is the resolution of the image generated-rathér tha
width and height of the image sensor.

This element specifies the spectral sensitivity of eachichannel of the cal

5 per
The
h the

jnera

used to capture the image. It is useful for certainvscientific applications.

The contents of this element is compatible with ASMT E1708-95
expected to be defined by another standard/1f\the Spectral Sensitivity

and
data

contains a "<" or "&" characters, then all.of\the occurrences of "<" shall be
substituted with "&It;" and "&" shall be.substituted with "&amp;".

ISO_SATURATION: ISO saturation speed rating. This élement specifies the ISO saturption
speed rating classification as defined in 1ISO 12232.

ISO_NOISE: ISO noise speed rating. This element specifies the ISO noise-based gpeed
rating classification as défined in 1SO 12232.

SPATIAL _FREQ RESPONSE: Spatial frequency respense. This element specifies the Spatial Frequency
Response (SFR) ofsithe image capturing device. The syntax of this elefnent
is specified in clause N.6.1.4.

CFA_PATTERN: Colour filteriarray pattern. This element specifies the colour filter frray
(CFA) pattern of the image sensor used to capture a single-sensor cplour
image= The syntax of this element is specified in clause N.6.1.5.

OECF: Opto-electronic conversion function. This element specifies the Qpto-
Electronic Conversion Function (OECF). The OECF is the relationship
between the optical input and the image file code value outputs ¢f an
electronic camera. The property allows OECF values defined in 1SO 14524
to be stored as a table of values. The syntax of this element is specified in
clause N.6.1.6.

MIN_F_NUMBER: Minimum F-number. This element specifies the minimum lens f-number
of the camera or image capturing device.

NOTE — 1SO 12232,:4998 and 1SO 14524 :1999, which were in-force at the time of initial publication of this Recommenddtion |
International Standard; have been superseded by more recent editions.
N.6.1.4 SpatialyFrequency Response metadata
This|specifies the Spatial Frequency Response (SFR) of the image capturing device. The device measured SFR [data,
descfibedhin 1SO 12233, can be stored as a table of spatial frequencies, horizontal SFR values, vertical SFR values} and
diagpnal/'SFER values. See also Figure N.10.
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<xsd:element name="SPATIAL FREQ RESPONSE">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="SPATIAL FREQ VAL" maxOccurs="unbounded">
<xsd:complexType>

<xsd:sequence>

1

<l bl = 1 RO 1
TS T

>0 Z

Seetement—ramne—LS pe—llsptNonNegativeDort
<xsd:element name="HORIZ SFR" type="Jjp:tNonNegativeDouble"/>
<xsd:element name="VERT SFR" type="jp:tNonNegativeDouble"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>

</xsd:complexType>

</xsd:element>

Figure N.10 — Schema of the Spatial Frequency.Response metadata

N.6.1.5 Colour Filter Array Pattern metadata

This
sens
colu

ns of filter colour values that uniguely specify the colour filter array. See also Figure N.11.

© ISO/IEC 2023 - All rights reserved

SPATIAL_FREQ_VAL: Spatial frequency value, This element specifies the list of SFR valueg.
SPATIAL_FREQ: Spatial frequency value in line widths per picture height units.
HORIZ_SFR: Horizontal SFRwalue.

VERT_SFR: Vertical SFR.value.

OTE — ISO 12233:2000, which was in-force at the time.of initial publication of this Recommendation | International Star
hs been superseded by more recent editions.

element encodes the actual colour filtér array (CFA) geometric pattern of the image sensor used to capture a si
r colour image. It is not relevant for all sensing methods. The data contains the minimum number of rowg

dard,

ngle-
and
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<xsd:element name="CFA PATTERN">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="COLOR ROW" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>

<l 1 . oI on 1 N el ll
e et TTOT e T IezsvaAvavEzaCa vy

<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Red"/>
<xsd:enumeration value="Green"/>
<xsd:enumeration value="Blue"/>
<xsd:enumeration value="Cyan"/>
<xsd:enumeration value="Magenta"/>

<xsd:enumeration value="Yellow"/>

<xsd:enumeration value="Whit&’/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

</xsd:sequence>

</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

Figure N.11 — Schema of the Colour Filter Array Pattern metadata

COLOR_ROW! This element specifies the list of colour values of the CFA pattern.

COLOR: CFA pattern values. The values shall be either Red, Green, Blue, Qyan,
Magenta, Yellow, or White.
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N.6.1.6 Opto-electronic Conversion Function metadata

This element specifies the Opto-Electronic Conversion Function (OECF). The OECF is the relationship between the
optical input and the image file code value outputs of an electronic camera. The property allows OECF values defined in
ISO 14524 to be stored as a table of values. See also Figure N.12.

<xsd:element name="OECF">
<xsd:complexType>

<xsd:sequence>

<xsd:element name="LOG VAL" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="LOG EXPOSURE" type="xsd:double"/>

<xsd:element name="OUTPUT LEVEL" type="jp:tNonNegdtiveDouble"

maxOccurs="unbounded" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

Figure N.12 — Schema of the Opto-elegtronic Conversion Function metadata

LOG_VAL: This element specifies the list of OECF values.
LOG_EXPOSURE: Optical input log exposure value.
OUTPUT_LEVEL: Image file code value output value.
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N.6.1.7 Camera Capture Settings metadata

This element specifies the camera settings used when the image was captured. New generations of digital and film cameras
make it possible to capture more information about the conditions under which a picture was taken. This may include
information about the lens aperture and exposure time, whether a flash was used, which lens was used, etc. This technical
information is useful to professional and serious amateur photographers. In addition, some of these properties are useful
to image database applications for populating values useful to advanced imaging applications and algorithms as well as
image analysis and retrieval. This element may contain the sub-elements listed below. See also Figure N.13.

<xsd:element name="CAMERA SETTINGS">

<xsd:complexType>
<xsd:sequence>
<xsd:choice minOccurs="0">
<xsd:element name="EXP TIME" type="jp:tNonNegativeDouble'T{>
<xsd:element name="R EXP TIME" type="jp:tRational"/>
</xsd:choice>

<xsd:element name="F NUMBER" type="JpuwtlNonNegativeDouble"
minOccurs="0"/>

<xsd:element name="EXP PROGRAM" type="Jjp:tLangString" minOccurs="0"/>
<xsd:element name="BRIGHTNESS" type="xsdydouble" minOccurs="0"/>
<xsd:element name="EXPOSURE BIAS" type=!xsd:double" minOccurs="0"/>

<xsd:element name="SUBJECT DISTANCE" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsd:element name="METERING MODE" type="jp:tLangString"
minOccurs="0"/>

<xsd:element name="SCENE ILLUMINANT" type="7Jp:tLangString"
minOccurs="0"/>

<xsd:element namé="COLOR_ TEMP" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsd:element name="FOCAL LENGTH" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsd:elememt \name="FLASH" type="xsd:boolean" minOccurs="0"/>

<xsd:elemenht name="FLASH ENERGY" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsdu€lement name="FLASH RETURN" type="xsd:boolean" minOccurs="0"/>
<xsd:element name="BACK LIGHT" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">

<xsd:enumeration value="Front Light"/>

<xsd:enumeration value="Back Light 1"/>

<xsd:enumeration value="Back Light 2"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>

<xsd:element name="SUBJECT POSITION" type="jp:tPosition"
minOccurs="0"/>

<xsd:element name="EXPOSURE INDEX" type="xsd:double" minOccurs="0"/>
<xsd:element name="AUTO FOCUS" minOccurs="0">

<xsd:simpleType>
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<xsd:restriction base="xsd:string">
<xsd:enumeration value="Auto Focus Used"/>
<xsd:enumeration value="Auto Focus Interrupted"/>
<xsd:enumeration value="Near Focused"/>
<xsd:enumeration value="Soft Focused"/>
<xsd:enumeration value="Manual"/>
</xsd:restriction>

</xsd:simpleType>

</xsd:element>

<xsd:element name="SPECIAL EFFECT" minOccuxs="0"
maxOccurs="unbounded">

<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Colored"/>
<xsd:enumeration value="Diffusion"/>
<xsd:enumeration value="Multi-Image"/>
<xsd:enumeration value="Polarizing"/>
<xsd:enumeration value="Split-Field"/>
<xsd:enumeration value="Star"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>

<xsd:element name="CAMERA LOCATION" type="jp:tLocation"
minOccurs="0"/>

<xsd:element name="ORLENTATION" type="jp:tDirection" minOccurs="0"/>
<xsd:element name="PAR" type="jp:tRational" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ‘wef="jp:TIMESTAMP" />
<xsd:attributel ref="xml:lang"/>
</xsd:comprexType>

</xsd:elem&nt>

Figure N.13 — Schema of the Camera Capture Settings metadata

EXPNTIME: Exposure time. This element specifies the exposure time used whep the
image was captured. The value of this element is stored in seconds.

R_EXP_TIME: Rational exposure time. This element specifies the exposure time |used
wherrthemagewas tapturedThe vatueof thisetermentisstoredHnrational
values in seconds.

F_NUMBER: F-Number. This element specifies the lens f-number (ratio of lens aperture
to focal length) used when the image was captured.
EXP_PROGRAM: Exposure program. This element specifies the class of exposure program

that the camera used at the time the image was captured. Table N.9 lists
suggested values for this element.
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Table N.9 — Exposure program values

Value Meaning

Manual The exposure setting set manually by the photographer.

Program Normal A general purpose auto-exposure program.

Aperture Priority The user selected the aperture, and the camera selected the shutter
speed for proper exposure.

Shutter Priority The user selected the shutter speed, and the camera selected the
aperture for proper exposure.

Program Creative The exposure setting is biased toward greater depth of element.

Program Action The exposure setting is biased toward faster shutter speed.

Portrait Mode The exposure setting is intended for close-up photos with the back-
ground out of focus.

Landscape Mode The exposure setting is intended for landscapes with the back-
ground in good focus.

BRIGHTNESS: Brightness value. This element specifies thenBrightness Value

EXPOSURE_BIAS:

SUBJECT_DISTANCE:

METERING_MODE:

Table N.10 — Metering mode values

measured when the image was captured, using APEX units. The exp
maximum value is approximately 13.00 corfesponding to a picture {
of a snow scene on a sunny day, and~the expected minimum val
approximately —3.00 corresponding to-anight scene. If the value sup
by the capture device represents a range of values rather than a single v
the minimum and maximum valie'may be specified.

Exposure bias value. This glement specifies the actual exposure
(the amount of over-or Grnderexposure relative to a normal exposu
determined by the camera's exposure system) used when capturin
image, using APEX“\units. The value is the number of exposure v
(stops). For example, —1.00 indicates 1 eV (1 stop) underexposure, 0
the normal exposure.

This element specifies the distance between the front nodal plane g
lens and-the subject on which the camera was focusing. The camera
have.focused on a subject within the scene that may not have bee
primary subject. The subject distance may be specified by a single nu
if the exact value is known. Alternatively, a range of values indicatin
minimum and maximum distance of the subject may be set. The val
this element is in meters.

This element specifies the metering mode (the camera's method of spa
weighting the scene luminance values to determine the sensor expo
used when capturing the image. Table N.10 lists suggested values fo
element.

Value

Meaning

Average

Average mode used.

Center Weighted Average

(Bv)
pcted
aken
e is
blied
alue,

bias
, as
the
hlues
half

f the
may
h the
mber
j the
e of

ially
sure)
this

Center weighted average mode used.

Spot Spot mode used.
MultiSpot MultiSpot mode used.
Pattern Pattern mode used.
Partial Partial mode used.

SCENE_ILLUMINANT:

Rec. ITU-T T.801 (V3) (08/2023)

This element specifies the light source (scene illuminant) that was present
when the image was captured. Table N.11 lists suggested values for this

element.
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Table N.11 — Scene illuminant values

Value

Meaning

Daylight

Daylight illuminant used.

Fluorescent Light

Fluorescent light used.

Tungsten Lamp

Tungsten lamp used.

Flash

Flash used.

Standard Hluminant A

Standard illuminant A used.

Standard Illuminant B

Standard illuminant B used.

Standard Iffluminant C

Standard iffluminant C used.

D55 Illuminant

D55 illuminant used.

D65 Illuminant

D65 illuminant used.

D75 Hluminant

D75 illuminant used.

COLOR_TEMP:

Colour temperature. This element specifies the actual colour temper
value of the scene illuminant stored in units of Kelvin.

pture

© ISO/IEC 2023 - All rights reserved

FOCAL_LENGTH: This element specifies the lens focal length.used to capture the image| The
focal length may be specified by using a\single number, for a fixed focal
length lens or a zoom lens, if the zoom position is known. The value of this
element is stored in meters.

FLASH: This element specifies whether flash was used at image capture.

FLASH_ENERGY: This element specifies the amount of flash energy that was used.| The
measurement units are Beam’ Candle Power Seconds (BCPS).

FLASH _RETURN: This element specifiesywhether the camera judged that the flash wap not
effective at the time of exposure.

BACK_LIGHT: This element specifies the camera's evaluation of the lighting conditigns at
the time of-exposure. Table N.12 lists BACK_LIGHT values usefl for
lighting Sittations.

Table-N.12 — Back light values
Value Meaning
Fropnt Light The subject is illuminated from the front side.
Badk Light 1 The brightness value difference between the subject centre and the surrounding area is greater than one|full
step (APEX).JThe frame is exposed for the subject centre.
Badk Light 2 The brightness value difference between the subject centre and the surrounding area is greater than one|full
step (APEX). The frame is exposed for the surrounding area.

SUBJECT.POSITION: This element specifies the approximate position of the subject in the sgene.
See Position Type for the format of this element.

EXPOSURE_INDEX: This element specifies the exposure index setting the camera selected,

AUTO_FOCUS: This element specifies the status of the focus of the capture device gt the
time of capture. Table N.13 lists values used for auto focus status.
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Table N.13 — Auto focus values

Value Meaning
Auto Focus Used The camera successfully focused on the subject.
Auto Focus Interrupted The image was captured before the camera had successfully focused on the subject.

Near Focused

imposition of a focused foreground subject.

The camera deliberately focused at a distance closer than the subject to allow for the super-

Soft Focused The camera deliberately did not focus exactly at the subject distance to create a softer image
(commonly used for portraits).
Manual The camera was focused manually.

SPECIAL_EFFECT: Special Effects. This element specifies the types of special effects fjlters
used. It contains a list of filter elements, where the order of the)élements in
the array indicates the stacking order of the filters. The first-value ip the
array is the filter closest to the original scene. This elemént specifies the
special effect filter used. Legal values are Coloured; Diffusion, Multi-
Image, Polarizing, Split-Field, Star.

CAMERA_LOCATION: This element specifies the location of the camera when the picturg was
taken. See Location Type for the format of‘this element.

ORIENTATION: This element specifies the orientation.of the camera when the picturg was
taken. See Direction Type for the format of this element.

PAR: Print aspect ratio. This element specifies the print aspect ratio specifi¢d by
the user when the picture was\taken.

N.6.1.8 Scanner Capture metadata
This|element specifies scanner capture metadata that may be used forvarious scanners such as flatbed and film scanners.
It optionally contains scanner information, device characterization’and scanner capture settings. This element may coptain
the spib-elements listed below. See also Figure N.14.
<xsd:element name="SCANNER CARTURE">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SCANNER INFO" type="jp:tProductDetails"
minOccurs="0"/>
<xsd:element name="SOFTWARE INFO" type="jp:tProductDetails"
minOccurs="0"/>
<xsdi€lement ref="jp:SCANNER SETTINGS" minOccurs="0"/>
</xsd:sequence>
zxsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
< d:element>
Figure N.14 — Schema of the Scanner Capture metadata
SCANNER_INFO: Scanner information. This element specifies information about a particular

230

scanner that was used to digitize an image item. It is recommended that
applications are able to create a unique value of the scanner by combining
all elements. See Product Details type (clause N.7.1.21) for the format of

this element.
SOFTWARE_INFO: Software information. This element specifies information about the
software or firmware used to capture the image. See Product Details type
(clause N.7.1.21) for the format of this element.
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SCANNER_SETTINGS: This element specifies the scanner settings used when the image was

scanned. The syntax of this element is specified in clause N.6.1.9.
N.6.1.9 Scanner Settings metadata

This element specifies the scanner settings used when the image was scanned. This element may contain the sub-elements
listed below. See also Figure N.15.

<xsd:element name="SCANNER SETTINGS">

sd:complexType

<xsd:sequence>

<xsd:element

name="PIXEL SIZE"
minOccurs="0"/>

type="7Jp:tNonNegativeDduble"

<xsd:element

name="PHYSICAL SCAN RES"
minOccurs="0"/>

type="jp:tDotibleSize"
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>

</xsd:element>

Figure N.15 — Schema of the Scanner Settings metadata
PIXEL_SIZE:

This element specifies.the'pixel size, in meters, of the scanner.
PHYSICAL_SCAN_RES:

Physical scan resolttion. These elements specify the physical scangning
resolution of the-device (not the interpolated resolution of the final olitput
data) in the X:(width) and Y (height) directions. The value of these
elements aresin meters.

N.6.1.10 Software Creation metadata

Thislelement specifies software creation information (e.g., the application name) that created the original image. Seq also
Figure N.16.

<xsd:element name="SOFTWARE CREATION">

<xsd:complexType>

<xsd:sequence>

sx5d:element name="SOFTWARE INFO" type="jp:tProductDetails"/>
</xsd:sequence>
<)'xsd:complexType>

%/xsd:element>

FIgUTe N.16 — Schema of the SoTtware Creation metadata
SOFTWARE_INFO: Software information. This element specifies information about the

software that created the original image. See Product Details type (clause
N.7.1.21) for the format of this element.
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N.6.1.11 Captured Item metadata

This element specifies capture item metadata. It optionally contains reflection print or film. This element may contain the
sub-elements listed below. See also Figure N.17.

<xsd:element name="CAPTURED ITEM">
<xsd:complexType>
<xsd:sequence>

sd-choice

<xsd:element ref="jp:REFLECTION PRINT" minOccurs="0"/>
<xsd:element ref="jp:FILM" minOccurs="0"/>
</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.17 — Schema of the Captured Ite€m metadata

REFLECTION_PRINT: This element specifies ‘iiformation about a reflection print that| was
digitally captured. -The“syntax of this element is specified in clause
N.6.1.12.

FILM: This element specifies information about the film. The syntax of| this

element is specified in clause N.6.1.13.
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N.6.1.12 Reflection Print metadata

This element specifies information about a reflection print that was digitally captured. This element may contain the sub-
elements listed below. See also Figure N.18.

<xsd:element name="REFLECTION PRINT">
<xsd:complexType>

<xsd:sequence>

sd-eclement name="DOCIIMENT STZE" fype="dpn-tDoubhlelSize!
minOccurs="0"/>

<xsd:element name="MEDIUM" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Continuous Tone Image"/>
<xsd:enumeration value="Halftone Image"/>
<xsd:enumeration value="Line Art"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="RP TYPE" minOccurs={"Q/>
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="BYW Print"/>
<xsd:enumeration valge="Color Print"/>
<xsd:enumeration value="B/W Document"/>
<xsd:enumeration“value="Color Document"/>
</xsd:restrietion>
</xsd:simpleType>
</xsd:element>
</xsd:sequenkte>
</xsd:complexType>

</xsd:ellement>

Figure N.18 — Schema of the Reflection Print metadata

D@CUMENT _SIZE: This element specifies the lengths of the X (width) and Y (hgight)
dimension of the original photograph or document, respectively.| The
values of these elements are given in meters.

MEDIUM: This element specifies the medium of the original photograph, document,
or artifact. Legal values include Continuous Tone Image, Halftone Image,
and Line Art.

RP_TYPE: Reflection print type. This element specifies the type of the original

document or photographic print. Legal values include B/W Print, Colour
Print, B/W Document, and Colour Document.
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N.6.1.13 Film metadata

This element specifies information on the film that was digitized. This element may contain the sub-elements listed below.
See also Figure N.19.

<xsd:element name="FILM">
<xsd:complexType>
<xsd:sequence>

sd:element name="RRAND" type="dp-tProductDetails® minOcoprs="0"

<xsd:element name="CATEGORY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Negative B/W"/>
<xsd:enumeration value="Negative Color"/>
<xsd:enumeration value="Reversal B/W"/>
<xsd:enumeration value="Reversal Color"/>
<xsd:enumeration value="Chromagenic"/>
<xsd:enumeration value="Internegative~B/W"/>
<xsd:enumeration value="Internegati¥e Color"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="FILM SIZE" type="jp:tDoubleSize" minOccurs="0"/>
<xsd:element name="ROLL IPY type="jp:tLangString" minOccurs="0"/>

<xsd:element nafnie="FRAME ID" type="xsd:positivelInteger"
minOccurs="0"/>

<xsd:element hame="FILM SPEED" type="xsd:positivelInteger"
minOccurs="0"/>

</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>
</xsd:ecomplexType>

</xsd:element>

Figure N.19 — Schema of the Film metadata

BRAND: This element specifies the name of the film manufacturer. See Prgduct
Details type (clause N.7.1.21) for the format of this element.

CATEGORY: TS element Specities the category of fiim used. Legal values mnclude
Negative B/W, Negative Colour, Reversal B/W, Reversal Colour,
Chromagenic, Internegative B/W, and Internegative Colour. The category
Chromagenic refers to B/W negative film that is developed with a
C41 process (i.e., colour negative chemistry).

FILM_SIZE: This element specifies the size of the X and Y dimension of the film used,
and the unit is in meters.

ROLL_ID: This element specifies the roll number or ID of the film. For some film,
this number is encoded on the film cartridge as a bar code.

FRAME_ID: This element specifies the frame number or ID of the frame digitized from

the roll of film.
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FILM_SPEED: This element specifies the film speed of the film. This element is measured
in the arithmetic scale specified in 1ISO 12232,

N.6.2  Content Description metadata

The Content Description metadata describes the content of the information captured in the image. Those are semantic
information typically requiring user input. The value of such information increases as time passes. This element may
contain the sub-elements listed below. See also Figure N.20.

<xsd:element name="CONTENT DESCRIPTION">

<xsd:complexType>
<xsd:sequence>

<xsd:element name="GROUP CAPTION" type="jp:tLargString"
minOccurs="0"/>

<xsd:element name="CAPTION" type="jp:tLangString" minOccubg="0"/>
<xsd:element name="CAPTURE TIME" type="jp:tDateTime" mihOccurs="0"/>
<xsd:element name="LOCATION" type="jp:tLocation" m&nOccurs="0"/>
<xsd:element ref="jp:PERSON" minOccurs="0" maxO¢curs="unbounded"/>
<xsd:element ref="jp:THING" minOccurs="0" maxQecurs="unbounded"/>

<xsd:element ref="jp:ORGANIZATION) minOccurs="0"
maxOccurs="unbounded" />

<xsd:element ref="jp:EVENT" minOccurss”" 0" maxOccurs="unbounded"/>
<xsd:element ref="jp:AUDIO" minOceguxs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="Jjp:DICTIONARY" minOccurs="0" maxOccurs="unbounded" />
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute ref="jprTIMESTAMP"/>

<xsd:attribute refi="\xml:lang"/>

</xsd:complexTypey

</xsd:element>

Figure N.20 — Schema of the Content Description metadata

GROUP_CAPTION: This element specifies the subject or purpose of the image. It mgy be
additionally used to provide any other type of information related tp the
image.

CAPTION: This element specifies the subject or purpose of the image. It mgy be
additionally used to provide any other type of information related tp the
image.

CAPTURE_TIME: This element specifies the time and date the image was initially generated.
This may be different to the capture device date where the capture device
is a scanner that scans the image at a different time to when it was initially
captured. See DateTime type (clause N.7.1.8) for the format of this
element.

LOCATION: The element describes the location of the image. This location is the
physical location of the image (e.g., address, GPS coordinate), not the
position of an object within the image. See Location type (clause N.7.1.15)
for the format of this element.

PERSON: Person Description. This element specifies a person within an image. The
syntax of this element is specified in clause N.6.2.1.
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THING:

ORGANIZATION:
EVENT:

AUDIO:

Thing Description. This element specifies the names of tangible things
depicted in the image. The syntax of this element is specified in clause
N.6.2.2.

Organization Description. This element specifies an organization within an
image. The syntax of this element is specified in clause N.6.2.3.

Event description. This element specifies events depicted in the image. The
syntax of this element is specified in clause N.6.2.4.

This element specifies audio streams associated with an image. The syntax
of this element is specified in clause N.6.2.7.

FPROFERTY!

DICTIONARY:

COMMENT:

N.6.2.1 Person Description metadata

THiS efement SpeciTies information Used 1o describe an image or an opject
within an image. The syntax of this element is specified in clause'N.§.2.8.

This element specifies a dictionary of a property. The syhtax of| this
element is specified in clause N.6.2.9.

This element specifies user- and/or application-defined informption
beyond the scope of other properties in this group, See Comment elefent
(clause N.7.3.1) for the format of this element.

This|element specifies a person within an image. See Person type (clause N.7.1.13) forythe format of this element.| This

element may contain the sub-elements listed below. See also Figure N.21.

<xsd:complexType>

<xsd:element name="PERSON">

<xsd:complexContent>
<xsd:extension base="jp:tPersoen!™
<xsd:sequence>
<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>
<xsd:element name="LOCATION" type="jp:tLocation" minOccurs="0"/>

<xsd:element ref="jp:PROPERTY" minOccurs="0"
maxOccurs="unbounded" />

</xsd:sequence>
</xsd:extension>
</xsd:coffplexContent>
</xsd:complexType>

</xsd:&lement>

Figure N.21 — Schema of the Person Description metadata

POSITION: This element specifies the position of the person within the image| See
Position type (clause N.7.1.17) for the format of this element.

LOCATION: This element specifies the physical location of the person. This element
does not specify the relative position of the person. See Location type
(clause N.7.1.15) for the format of this element.

PROPERTY: This element specifies additional information describing the person. See

N.6.2.2 Thing Description metadata

Property metadata (clause N.6.2.8) for the format of this element.

This element specifies the names and/or properties of tangible things depicted in the image (for example, Washington
Monument) or of abstract regions. This element may contain the sub-elements listed below. See also Figure N.22.
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<xsd:element name="THING">

<xsd:complexType>

<xsd:sequence>

<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>

<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>

<l

bl =
St-erehehT

[ aVak Mk et b d | HEFS o T e (1] s [INaX1]
ray T T =

</xsd:sequence>

</xsd:element>

</xsd:complexType>

14 Fe -t oS e T TS T T ==

<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"¢»

<xsd:element ref="jp:THING" minOccurs="0" maxOccurs="unbounded"/>

<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

NAME:
COMMENT:

POSITION:

LOCATION:

PROPERTY:

THING:

ID:

Figure N.22 — Schema of the Thing Description metadata

This element specifies.the'name of the Thing.

This element specifies user- and/or application-defined inform
beyond the scopeof other properties in the Thing. See Comment ele
(clause N.7.3,I).for more information on this element.

This element specifies the position of the thing within the image
Position-type (clause N.7.1.17) for the format of this element.

This'element specifies the physical location of the thing. This element
1ot specify the relative position of the thing within the image. See Loc
type (clause N.7.1.15) for the format of this element.

The Thing also contains multiple Propertys. These Propertys describ
thing. See Property metadata (clause N.6.2.8) for the format off
element.

Sub-thing description. The Thing element may contain zero or more T
elements, with the interpretation that these are sub-things of the conta
thing.

This element is the identifier attribute for the Thing.

N.6.2.3 Organization Description metadata

This|element specifies an organization depicted within an image. This description can also be used to describe the ¢
image(See Organization type (clause N.7.1.14) for the format of this element. This element may contain the sub-elen

Htion
ment

See
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this

hing
ning

ntire
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© ISO/IEC 2023 - All rights reserved

Rec. ITU-T T.801 (V3) (08/2023)

237


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

N.6.

This
is ca

238

<xsd:element name="ORGANIZATION">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tOrganization">
<xsd:sequence>
<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>

<l

bl = [ aVak Nk et \d | BEFS 1 e (1] s [INaX1]
St-erehehT T T

[ T
ot T o 14 Tt oo TS

<xsd:element ref="jp:PROPERTY" minOccurs£" 0"
maxOccurs="unbounded" />

</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

</xsd:element>

Figure N.23 — Schema of the Organization Description'metadata

See Position type (clauseN+7:1.17) for the format of this element.

LOCATION: This element specifiesithe physical location of the organization.
element does not speeify the relative position of the organization
Location type (clause N.7.1.15) for the format of this element.

PROPERTY: This element specifies additional information describing the organiza
See Property metadata (clause N.6.2.8) for the format of this element

.4 Event Description metadata

ptured. This element may contain the sub-elements listed below unless otherwise stated. See also Figure N.24.

POSITION: This element specifies the position of the organization within the image.

This
See

tion.

element specifies a description of the event depicted in the image. An Event is the most likely reason why an image
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<xsd:element name="
<xsd:complexType>
<xsd:sequence>
<xsd:element
<xsd:element

<xsd:element

<l

EVENT">

name="EVENT TYPE" type="jp:tLangString"/>
name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>

name="LOCATION" type="jp:tLocation" minOccurs="0"/>

[INaX1]

1 i
SeHe—efrert
<xsd:element

<xsd:element

NS ZDoAIm AT g o Do o (1] s
ot B e . e e e l=n'a =4 TPt Te T T piagmyy TS

name="DURATION" type="xsd:duration" minOccurs="0"/>

ref="jp:COMMENT" minOccurs="0"/>

<xsd:element ref="jp:PARTICIPANT" minQccirs="0"
maxOccurs="unbounded" />

<xsd:element ref="jp:EVENT RELATION" minOccurs="0"
maxOccurs="unbounded" />

<!-- Sub-events -->

<xsd:choice minOccurs="0" maxOccurs="unbounded">

<xsd:elemen
<xsd:elemen
</xsd:choice>
</xsd:sequence>
<xsd:attribute
<xsd:attribute
<xsd:attribute
</xsd:complexType

</xsd:element>

t ref="Jp:EVENT"/>

t name="EVENT REF" type="xsd:string"/>

name="ID" type="xsd:string"/>
ref="jp: TIMESTAMP" />
ref="xml:lang"/>

>

Figure N:24 — Schema of the Event Description metadata

EVENT_TYPE:

DESCRIRTFION:

LOCATION:

EVENT TIME:

Event type. If there is an Event or Sub-event element, the Event|type
element shall exist. The Event type element may occur only once in ajnode
level of an Event tree or Sub-event branch.

This element specifies a description of the event. This element is uspd to
describe an event in text human readable format.

This element identifies the physical location of the Event and not the
position within the image. See Location type (clause N.7.1.15) for more
information on this element.

Event date and time_This element annr‘ifipc the start time of the event, See

DURATION:
COMMENT:

PARTICIPANT:

EVENT_RELATION:

DateTime type (clause N.7.1.8) for the format of this element.
This element specifies the duration of the Event.

This element specifies user- and/or application-defined information
beyond the scope of other properties in the Event. See Comment element
(clause N.7.3.1) for more information on this element.

This element specifies the participants of the event. A participant may be a
Person, an Organization or a Thing. The syntax of this element is specified
in clause N.6.2.5.

Event relationships. This element specifies relationships to other events.
The syntax of this element is specified in clause N.6.2.6.
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EVENT:
EVENT_REF:

ID:

N.6.2.5 Participant metadata

Sub-events. The Event element may contain one or more Sub-event
elements of the encompassing event. A Sub-event element may contain
Sub-events. The sub-event element may be either contained within the
event element, or referenced:

Sub-event description.

Event reference. A reference to the sub-event. This element is a link to one
of the other Event elements.

This element specifies the unique identifier for the Event.

This|element specifies the participants in the event. A participant may be a Person, an Organization or a Thing~Seq also

Figufre N.25.

<xsd:complexType>

<xsd:sequence>

<xsd:choice>

</xsd:choice>

</xsd:sequence>

</xsd:complexType>

</xsd:element>

<xsd:element name="PARTICIPANT">

<xsd:element name="ROLE" type="jp:tLangString" minOccurs="0"

maxOccurs="unbounded" />

<xsd:element name="OBJECT REF" type={"xsd:string"/>
<xsd:element ref="jp:PERSON"/>
<xsd:element ref="jp:THING"/>

<xsd:element ref="jp:ORGANIZATION"/>

<xsd:attribute ref="xml:Tang"/>

Figure N.25 — Schema of the Participant metadata

ROLE: This element specifies the role of the participant within the event.

OBJECT_REE: Object reference. This element is a reference to a participant. This elefnent
is a link to one of the Person, Organization or Thing elements withip the
Content Description metadata.

PERSON: This element specifies a Person who is a participant of an event ydt not
depicted within the image. See Person description metadata (see clause
N.6.2.1) for the format of this element.

FHNG: This—etement-specifresa—Thing—thatts—apartictpantofamevent-yet not

ORGANIZATION:

N.6.2.6 Event Relationship metadata

depicted within the image. See Thing description metadata (see clause
N.6.2.2) for the format of this element.

This element specifies the Organization that is a participant of an event yet
not depicted within the image. See Organization description metadata (see
clause N.6.2.3) for the format of this element.

This element specifies relationships to other events. These are used for relationships between events that are not directly
sub-events of each other. An example of a relationship might be a link to a previous event of the same type. See also

Figure N.26.
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<xsd:element name="EVENT RELATION">

<xsd:complexType>

<xsd:sequence>

<xsd:element name="RELATION" type="jp:tLangString" minOccurs="0"

maxOccurs="unbounded" />

<xsd:element

name="EVENT REF" type="xsd:string"

maxOccurs="unbounded" />
</xsd:sequence>
</xsd:complexType>

</xsd:element>

RELATION:

EVENT_REF:

p.7 Audio metadata

Figure N.26 — Schema of the Event Relationship metadata

This element specifies a description of the relationship(s) to the pther
event(s).

Event reference. This element is a referénce to related events. This element
is a link to one of the other Event.elements within the Event description
metadata.

element specifies audio metadata associated with an image. Image metadata can contain zero or more audio strgams.
audio stream can contain a comment element describing the-audio. A single comment should also be able to desgribe
than one audio stream. See Figure N.27.

<xsd:complexType>

<xsd:sequence>

{/%5d:sequence>

</xsd:complexType>

<xsd:element name="AUDIO">

<xsd:element mname="AUDIO STREAM" type="xsd:anyURI"/>
<xsd:elemefitname="AUDIO FORMAT" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="MIME TYPE" type="xsd:string" minOccurs="0"/>
<xsdfelément name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>

<xgd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:element>

Figure N.27 — Schema of the Audio metadata

AUDIO_STREAM:
AUDIO_FORMAT:

MIME_TYPE:
DESCRIPTION:

© ISO/IEC 2023 - All rights reserved

This element specifies an URI reference to an audio stream. The format of
the stream is not defined.

Audio Stream Format. This element specifies the name of the audio stream
format. For example, AIFF, MIDI, MP3 and WAYV.

This element specifies the Internet media type of the audio file.
This element specifies a description of the audio stream.
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COMMENT: This element specifies user- and/or application-defined information
beyond the scope of other properties in the Audio. See Comment element
(clause N.7.3.1) for more information on this element.

N.6.2.8 Property metadata

This element specifies a description of an image or an object within an image. This element shall contain a name and may
optionally contain a value and sub-property elements. A Property is either a single word or a small phrase and an optional
value. The property is a non-exact language-specific definition of the image or part of the image. This element may
contain the sub-elements listed below. See Figure N.28.

<xsd:element name="PROPERTY">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="NAME" type="jp:tLangString" minOccurs=/0"/>
<xsd:element name="VALUE" type="jp:tLangString" minOccugs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="DICT REF" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.28 — Schemasof the Property metadata

NAME: Thisielement specifies the name of the Property.

VALUE: This element specifies the property value. A Property that contains a yalue
cannot contain sub-property elements.

COMMENT: This element specifies user- and/or application-defined informption

beyond the scope of other properties in the Property. See Comment elefnent
(clause N.7.3.1) for more information on this element.

PROPERTY: Sub-property. This element specifies sub-Properties of the encompagsing
Property. A property that contains sub-properties cannot contain a vajue.
DICT_REF: Dictionary reference. This element specifies a reference to a Dictignary

(see clause N.6.2.9).

N.6.2.9 Dictienary Definition metadata

This|element-specifies the name of a dictionary. A Property may be defined using a specific dictionary. The advantape of
this Is¢hat there is a single definition for each Property metadata, and that two different Property metadata annotations

are + tcad o dafina tha caman thina Can Cionaen N 20O
o SEEto-at Rt tHE-Satt g teTgute==o:

To give an example, a dictionary may define the word "Vehicle" to be used to describe a car, vehicle, truck, automobile,
etc. A second example is the use of the word "Date." Date may be used to specify the fruit of the palm "date” and not the
definition of date as a day. This element may contain the sub-elements listed below.
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<xsd:element name="DICTIONARY">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="DICT NAME" type="Jjp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

St TTETOTT ot

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.29 — Schema of the Dictionary Definition metadata

DICT_NAME: Dictionary name. This element specifiesthe name of the dictionary.

element (clause N.7.3.1) for more“information on this element.

B History metadata

History element contains a summary of basic image editing<perations that have already been applied to the i
previous version(s) of the image metadata. The History metadata is not designed to be used to reverse (undo) i
g operations. This element may contain the sub-eleménts listed below. See Figure N.30.

<xsd:element name="HISTORY!>
<xsd:complexType>
<xsd:sequence>
<xsd:elementref="jp:PROCESSING SUMMARY" minOccurs="0"/>
<xsd:element ref="jp:IMAGE PROCESSING HINTS" minOccurs="0"/>
<xsdfelément ref="jp:METADATA"/>
<xsd<sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>
_—__——___ =

Figure N.30 — Schema of the History metadata

DICT_ID: Dictionary ID. This elementspecifies the unique identifier for the dictionary.

(B)

COMMENT: This element specifies user- and/or application-defined informption
beyond the scope of other properties in the Dictionary. See Comjment

age
age

PROCESSING_SUMMARY: This element specifies a list of operations previously applied to an image
during the course of its workflow. The syntax of this element is specified

in clause N.6.3.1.

IMAGE_PROCESSING_HINTS: This element specifies a list of the operations previously performed when

editing an image. The syntax of this element is specified in clause N.6.

3.2.

METADATA: Previous metadata. This element specifies a previous version of the metadata
that may include metadata about portions of an image that was deleted (e.g.,

cropped). The syntax of this element is specified in clause N.6.3.3.
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N.6.3.1 Processing Summary metadata

This element specifies a list of the operations performed over the life of the image, listing the operations performed and
not the ordering or the number of times each operation is performed.

The processing summary defined below should be considered potential and in all likelihood partial information. That is

because the presence of a particular hint, such as "Image Cropped,"

indicates that the image has been cropped. However,

absence of a "Image Cropped" hint is no assurance that the image has never been cropped. This element may contain the

sub-elements listed below. See Figure N.31.

<xsd:element name="PROCESSING SUMMARY">

e+ Hptextyp
<xsd:sequence>
<xsd:element name="IMG CREATED"
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG CROPPED"
<xsd:complexType/>
</xsd:element>

<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG GTC ADJ"
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG STC ADJ"
<xsd:complexType/>
</xsd:element>

<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG EXT EDITEBR"
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG RETQUCHED"
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMGVCOMPOSITED"
<xsd:complexType />
</xsd:element>
<xsd:element name="IMG METADATA"
<xsd:compleéxType/>
</xsd:element>
</xsd:sequgnee>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>
</xsd:elemént>

minOccurs="0">

minOccurs="0">

<xsd:element name="IMG TRANSFORMED"

minOccurs="0">

minOccurs="0">

<xsd:element name="IMG SPATIAL ADJ"

minOccurs="0">

minOccurs="0">

minOccurs="0">

minhOCcurs="0">

minOccurs="0">

minOccurs="0">

Figure N.31 — Schema of the Processi

IMG,CREATED:

Digital image created.
was created by a metadata-aware application or process. Where a nu
of operations are performed in the creation of an |mage (such as remg

ng Summary metadata

The presence of this element indicates that the inage
mber

Created operatlon and not Ilsted mdependently Thrs element is especrally
useful to show truncation of image metadata. Where this element is not
present, the full history of the metadata is known to be incomplete.
Presence of this element does not show that the metadata history is
complete though.

IMG_CROPPED: Image cropped. The

presence of this element indicates that an image

editing application, program, or system has cropped the image.

IMG_TRANSFORMED:

Image Transformed. The presence of this element indicates that an image

has been transformed.
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Global Tone/Colour Adjustment. The presence of this element indicates
that a contrast or density adjustment has been applied to the image, or that
the image colouring has been adjusted.

Selective Tone/Colour Adjustment. The presence of this element indicates
that a contrast or density adjustment has been applied to a selected region
of the image.

Global Spatial Adjustment. The presence of this element indicates that the
image has been sharpened, or compressed, or blurred, or re-sampled.

Pixels Extensively Edited. The presence of this element indicates the image

tent.

N.6.

This
in th

has heen edited extensivel — onauah to chanae the cantured scene co
p4 ) ) d

IMG_RETOUCHED: Image Retouched. The presence of this element indicates the image-p

blemishes.

IMG_COMPOSITED: Image Composited. The presence of this element indicates the imag
been created by compositing an image with another image,
background, graphic, or text.

metadata has been modified.

.2 Image Processing Hints metadata

element specifies a list of the operations performed when editing an image. They differ from the Processing Sum
ht the hints list all the operations in order and the operations may be listed more than once (if the operation was

morg

oper
Hist

The
Sum
field
belo
"Ima
How

the Ifwage Processing Hints metadata stores the most current set of operations in greater detail. The complete |

than once). The Processing Summary metadata lists all the operationsyperformed during the life of an image

ry tree.

mage Processing Hints element contains the same eleménts as the Processing Summary metadata. See Proce
mary (clause N.6.3.1) for the definition of each element. Each sub-element may appear more than once within
and each element may contain a textual description‘of the operation. The Image Processing Hints metadata de
v should be considered potentially partial information. That is because the presence of a particular hint, su
ge Cropped," indicates that the image has been.cropped and other metadata may have been omitted at the same
ever, absence of an "Image Cropped™ hintA5no assurance that the image has never been cropped. See Figure N

ixels

have been edited to remove scratches or red-eye, or other minor image

e has
pr a

IMG_METADATA: Metadata Adjusted. The presence of this element indicates the image

mary
used
vhile
st of

tions (and their order) can be generated by combining all Image Processing Hints metadata within a Metqdata

Esing
each
ined
h as
ime.
.32.
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<xsd:element name="IMAGE PROCESSING HINTS">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="MODIFIER" type="jp:tProductDetails"minOccurs="0"/>
<xsd:choice minOccurs="0" maxOccurs="unbounded">

<xsd:element name="IMG CREATED" type="jp:tLangString"/>

1

N.6.

This
elem

Each
the
Crea
cons

Sehetemert—rame—IIMc—CROPRED I —<roemll ot TaneaCinel
<xsd:element name="IMG TRANSFORMED" type="jp:tLangString"/>
<xsd:element name="IMG GTC_ADJ" type="Jjp:tLangString"/>
<xsd:element name="IMG STC ADJ" type="jp:tLangString"/>
<xsd:element name="IMG SPATIAL ADJ" type="jp:tLangString'V/>
<xsd:element name="IMG EXT EDITED" type="jp:tLangString”/>
<xsd:element name="IMG RETOUCHED" type="jp:tLangStxing"/>
<xsd:element name="IMG COMPOSITED" type="jp:tLangString"/>
<xsd:element name="IMG METADATA" type="jp:tldangString"/>

</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.32 — Schema afithe Image Processing Hints metadata

MODIFIER: This element specifies the application (most probably software),
performed the operations listed in Processing Summary (clause N.6
See Product Details type (clause N.7.1.21) for the format of this elem

.3 Previous metadata

element contains a preyieus version of the metadata (including previous History metadata). The format o
ent is defined along with the History metadata (Figure N.30).

that
3.1).
ent.

this

from

time a new image-is_¢reated as a result of editing an image or combining several images, some of the metadata
revious image(s) may be moved to or referenced by the image history metadata. The contributing image(s) |

deration-shall be made with regards to this previous metadata, particularly previous IPR metadata. See Figure

age

lion, Content Pescription, History and IPR metadata may be recorded in a Previous metadata element. Cgreful

.33.
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<xsd:element name="METADATA">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:BASIC IMAGE PARAM" minOccurs="0"/>
<xsd:element ref="jp:IMAGE CREATION" minOccurs="0"/>
<xsd:element ref="jp:CONTENT DESCRIPTION" minOccurs="0"/>

=g | IR T OomAansZ s [1NaX1]
T TOT

<l 1 2l
e rrehcH BRI T (o=

<xsd:element ref="jp:IPR" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

Figure N.33 — Schema of the Previous metadata

BASIC_IMAGE_PARAM: This element specifies references-to previous versions of the image] The
syntax of this element is specified in clause N.6.3.4.
IMAGE_CREATION: This element specifies thelimage creation information. The syntax of this

element is specified.inclause N.6.1.

CONTENT_DESCRIPTION: This element specifies the content description information. The syntax of
this element is*specified in clause N.6.2.

HISTORY: This element specifies previous history metadata. The syntax of| this
element.is'Specified in clause N.6.3.

IPR: This element specifies image intellectual property. The syntax of| this
element is specified in clause N.6.4.

N.6.3.4 Image Referencing metadata

This|element specifies information fer\referencing previous versions of the image. This element may contain the|sub-
elements listed below. See Figure.N.34.
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<xsd:element name="BASIC IMAGE PARAM">

<xsd:complexType>

<xsd:sequence>

<xsd:element name="BASIC IMAGE INFO" minOccurs="0"/>
<xsd:complexType>

</xsd:sequence>

<l bl = noT [INaX1]
p o

<xsd

<xsd:element name="FILE NAME" type="xgd:'&nyURI"
minOccurs="0"/>

<xsd:element name="FORMAT TYPE" types"xsd:string"
minOccurs="0"/>

<xsd:element name="NIME TYPE" type="xsd:string"
minOccurs="0"/>

<xsd:element name="VERSION" type="xsd:string"

minOccurs="0"/>

</xsd:element>
</xsd:sequence>
<xsd:attribute\ref="jp:TIMESTAMP" />
<xsd:attribute ref="xml:lang"/>
:complexType>

</xsd:ellement>

St reheh Tt T piammys TS

<xsd:complexType>

</xsd:sequence>

</xsd:sequence>
<xsd:complexType>
</xsd:element>
<xsd:element ref="jp:IMAGE-ID" minOccurs="0"/
</xsd:sequence>
<xsd:attribute ref="jpgTIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

<xsd:complexType>

Figure N.34 — Schema of the Image Reference metadata

RILE_NAME: This field specifies the name of an image file.

FORMAT _TYPE: File Format Type. This field specifies the file format of the image.
MTME_TYPE. THIS Tield Specifies the Internet meadia type of the image Tile.
VERSION: This field specifies the version of the file format.

IMAGE_ID: This element specifies the image identifier. The syntax of this element is

specified in clause N.6.5.

N.6.4 Intellectual Property Rights metadata

This element specifies Intellectual Property Rights (IPR) related information associated with the image such as moral

rights, copyrights as well as exploitation information.

Moral rights are those rights attached to the creation process; therefore, moral rights persistently pertain to the author or
creator of the art work, whereas copyrights can be repeatedly transferred to different owners, under exploitation conditions
which are also part of the IPR and exploitation metadata. Additional information such as conditions of use, names, content
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description, dates, as well as IPR-related administrative tasks, identification (e.g., a unique inventory number) and contact

point for exploitation are also considered important metadata.

Use and interpretation of this information is beyond the scope of this Recommendation | International Standard. Nothing
in this Recommendation | International Standard should be taken to imply or to waive legal obligations or restrictions that

may apply within any particular jurisdiction.

NOTE — Implementors should take into account the Berne Convention for the Protection of Literary and Artistic Works, World

Intellectual Property Organization Copyright Treaty and other WIPO publications, if appropriate.

This element may contain the sub-elements listed below. See Figure N.35.

<xsd:element name="IPR">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:IPR NAMES" minOccurs="0"/>
<xsd:element ref="jp:IPR DESCRIPTION" minOccurs="0"/>
<xsd:element ref="jp:IPR DATES" minOccurs="0"/>
<xsd:element ref="jp:IPR _EXPLOITATION" minOccurs="Q"/>
<xsd:element ref="jp:IPR IDENTIFICATION" minO&cyrs="0"/>
<xsd:element ref="jp:IPR CONTACT POINT" minQecurs="0"/>
<xsd:element name="IPR HISTORY" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:IPR" MinOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute refi="yp:TIMESTAMP"/>
<xsd:attribute wef="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.35 — Schema of the Intellectual Property Rights metadata

IPR_NAMES: This element specifies names related to the represented image. The sy
of this element is specified in clause N.6.4.1.
IRR. DESCRIPTION: This element specifies the description of the content such as the titlg

caption. The syntax of this element is specified in clause N.6.4.2.

ntax

and

this

IPR_EXPLOITATION: This element specifies exploitation information such as type of protection,
use restriction and obligations to exploit an image. The syntax of this

element is specified in clause N.6.4.4.

IPR_IDENTIFICATION: This element specifies an identifier of an image that is a link to a place
where additional information is kept. The syntax of this element is

specified in clause N.6.4.6.

IPR_CONTACT _POINT: This element specifies the contact point of the right holder. The syntax of

this element is specified in clause N.6.4.9.
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IPR_HISTORY: This element contains previous IPR metadata. The content is specified in
clause N.6.4.10.

N.6.4.1 IPR Names metadata

This element specifies names related to the represented image. These names include different categories, such as the
creator, photographer, and producer, all who claim rights. People appearing within the image amy also be named, as there
are restrictions on publishing the image of a person who has not consented to publication that varies from country to
country. "Who," "what," and "where" (i.e., the subject of the image) can also be names in the title of the image.

A name may be either a Person, an Organization, or a reference to a name or a person. See Person type (clause N.7.1.13)
and QOrganization type (clause N.7.1.14), respectively for the format of this element. This element may contain the sub-
elements listed below. See Figure N.36.
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<xsd:element name="IPR NAMES">
<xsd:complexType>
<xsd:choice maxOccurs="unbounded">
<xsd:element ref="jp:IPR PERSON"/>

<xsd:element ref="jp:IPR ORG"/>

<xsd:element ref="Jjp:IPR NAME REF"/>

<l I

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

<xsd:element name="IPR PERSON">
<xsd:complexType>
<xsd:complexContent>

<xsd:extension base="jp:tPerson">

<xsd:attribute name="DESCRIPTION" types="xsd:string"/>

</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

</xsd:element>

<xsd:element name="IPR ORG">
<xsd:complexType>

<xsd:complexContent>

<xsd:exténgion base="jp:tOrganization">

<xsd:adttribute name="DESCRIPTION" type="xsd:string"/>

</msd¥extension>
<Axsd:complexContent>
<Axsd:complexType>

<AXsd:element>

<xsd:element name="IPR NAME REF">
<xsd:complexType>
<xsd:simpleContent>

<xsd:extension base="xsd:string">

<xsd:attribute name="DESCRIPTION" type="xsd:string"/>

</xsd:extension>
</xsd:simpleContent>

</xsd:complexType>

© ISO/IEC 2023 - All rights reserved
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</xsd:element>

Figure N.36 — Schema of the IPR Names metadata

IPR_PERSON: Person. This element specifies the person description. See Person type
(clause N.7.1.13) for the format of this element.

IPR_ORG: Organization. This element specifies the organization description. See
Organization type (clause N.7.1.14) for the format of this element.

IPR_NAME_REF: Name reference. This element specifies a reference to a person or
nrgnni7afinn within the IPR metadata

DESCRIPTION: This element is the description of the name. Table N.14 lists sugggsted
values for this element which have the following meaning.

Table N.14 — Name description values

Value Meaning

Original Work Author This value specifies that the element is the name of the author who créated the original work that is
represented in the image (e.g., painter sculptor, architect, etc.), whenhe image is not a creation itgelf.
By contrast, a photograph of a sunset will be considered as a creationof the photographer. An oridinal
work author may be "anonymous."

Image Creator This value specifies that the element is the\~name of the image creator.
The image creator may be, for example, the photographer whe captured the original picture on film| the
illustrator or graphic artist who conducted the image-creation process, etc.

Right Holder This value specifies that the element is the name ofthe intellectual property right holder of the impge.
The right holder may be the author of the image, astock photo agency, or vendor. He is the one to|sell
the license to anyone willing to exploit the image;.such as a publisher who will also sell the result gr an
end user in a pay-per-view process. The rightdelder has acquired the rights from the creator or prevjous
right holder in a transaction which usuallycas been registered officially.

Represented Individuals | This value specifies that the element is the name of an individual shown in the impge.
This may be used as a description of-the image or because privacy rights may require that individpals
depicted grant consent to publish(their image. In such an example, this descriptive element may rgsult
in restriction of use for the image, as well as describing the image contents.

N.6.4.2 IPR Description metadata
This|element specifies the description of the ¢ontent. It may be desirable to have a complementary explanation aboyt the
contént of the image in order to exploit the content. For instance, a technical description of the content may help usgrs in
understanding and, therefore, valuingithe content of an image (e.g., circumstances under which the image was taken)| The
formiat is vendor specific. This element may contain the sub-elements listed below. See Figure N.37.
<xsd:element name="IPR DESCRIPTION">
<xsdncomplexType>
<xsd:sequence>
<xsd:element name="IPR TITLE" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="IPR LEGEND" type="jp:tLangString" minOccurs="0"/>
sdecloment Nnaoame="TDPR CADTION" #J PQ_"jP <1 :znngri ng" minQcoccurs="Qn
<xsd:element name="COPYRIGHT" type="jp:tLangString" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>
Figure N.37 — Schema of the IPR Description metadata
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N.6.4.3 IPR Dates metadata
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IPR_TITLE:

ISO/IEC 15444-2:2023 (E)

Title of image. This element specifies the title of the image. It is a string
that may be used, for instance, as a caption when printing. When the author
creates the title, he may add meaning to the image. However, titles are not
necessarily significant of IPR. This is determined on a case-by-case basis.

IPR_LEGEND: Legend. This element specifies the legend, a caption added to the picture,

e.g., at the back of a photograph, written by the photographer to later
classify the photos. It is generally a more detailed or technical description
of what appears in the image. This element may answer the question,
"why?" An example is saying, "image taken at dawn to test a 135 mm.
zoom on stand."

bgraphs.

element may contain the sub-elements listed below. See Figure N.38.

IPR_CAPTION: Caption. This element specifies the caption of the image. This eleent

addresses the text which has been added as complementary infafmatipn to
assist in understanding the image's content (e.g., second drafthy-Durer for
a study on a Biblical scene). The caption often has a tutorial motivatipn.

COPYRIGHT: Copyright. This element specifies the copyright netice of the image.

Usually this element defines the right holder who, wants to be ident|fied,
saying e.g., "copyright agency XYZ." This is an indication that the property
of the image is well defined and that the contact point is the designated
agency.

element specifies the IPR-related date information. There are a variety of valid DateTime formats. For example, a
may be an exact year, possibly with month and day, sometimes with hour,'minute, second and thousandth (i.e.] ISO
tamp, which is always GMT time). However, date may also be less.delimiting. For example, the date may be |first
bf the fifteenth century,

late middle-age," "early Roman," etc.

ssional applications may prefer an exact date, whereas specifying'a year + 5 years may satisfy users of early ceptury

<xsd:element name="IPR DATES">
<xsd:complexType>
<xsd:sequence>

<xsd:element tame="IPR DATE" maxOccurs="unbounded">

</xsd:element>

<xsd:complexType>
<x¥sdrcomplexContent>
<xsd:extension base="jp:tDateTime">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</xsd:complexContent>

</xsd:complexType>

</xsd:sequence>

</xsd:

complexType>

</xsd:element>

IPR_DATE:

Figure N.38 — Schema of the IPR Dates metadata

The date element contains a date of arbitrary precision. See DateTime type
(clause N.7.1.8) for the format of this element. The comment element
defined in the DataTime type may be used for describing more information
on the element.
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DESCRIPTION: This element is the description of the date. The precision of IPR Dates may
vary in accuracy depending on the age of the operation or item and other
information known at the time of the metadata generation. Table N.15 lists

suggested values for this element which have the following meaning.

Table N.15 — Date description values

Value Meaning

Original Work Creation | This value specifies that the element is the date that the original work was created. All types of dates
may appear here, as stated above.

Picture Taken This value specifies that the element is the date that the picture was taken. Some digital camerasirfsert
this information automatically.

Scapned This value specifies that the element is the date that the image was scanned.

Progessed This value specifies that the element is the date that the image was processed.

Mofdlified This value specifies that the element is the date when any kind of modification was made to the original
work. This element will store the most recent modification date. Although it is valid to have more than
one modification date in this section, it would be more common that the entire IPR is updated during the
modification, and the previous modifications moved to the IPR history. The processing tool ay
generate this date automatically.

Las} Modified This value specifies the last date the image was modified. This dateshould be easily found, becguse
there may be either an automatic process putting this element Jand replacing the previous ‘last
modification™ as a "history element" or a manual process where theoperator has to do the same operation
by hand.

N.6.4.4 1PR Exploitation metadata
This|element specifies metadata to identify IPR protection mechanisms, specific restrictions imposed by the right hplder
or oljligations resulting from the use of the image, and the IPR management system in use for this IPR metadata.|This
element may contain the sub-elements listed below. See Figure-N./39.
<xsd:element name="IPR EXPLOITATION">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR PROTECTION" type="jp:tLangString"
minOccurs="0"/>
<xsd:element name="IPR USE RESTRICTION" type="jp:tLangString"
minOccurs="0"/>
<xsdgelement name="IPR OBLIGATION" type="Jp:tLangString"
minOccurs=~0uv>
<xsd:element ref="jp:IPR MGMT SYS" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>
Figure N.39 — Schema of the IPR Exploitation metadata
IPR_PROTECTION: This element either indicates that there is a watermark, that the image is

254

registered, or that the image is protected by some other means. A value of
zero specifies that the image is not protected and contains no watermark.
Values between 1 and 255 are reserved. Other values may exist. If this
element is not present, then the watermark content (or its presence) is

undefined.
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IPR_USE_RESTRICTION: This element specifies the use restrictions of an image. Use restric

tions

may apply to an image that is not allowed outside the factory for industrial

applications, or for which exclusive rights of copy have been delegat

ed to

a unique agency, or for which prior authorization of represented people is

mandatory before publishing. Other restrictions may exist.

IPR_OBLIGATION: This element specifies the obligations of exploiting an image. Obligation
may concern any mandatory condition for exploiting the content of a file.
For example, the copyright information may be required to be written on
the side of any printout for photographs; other obligations may concern the
need to get allowance from persons represented on a picture if the picture

N.6.4.5

IPR [Management Systems such as IPMP (Intellectual Property Management & Protection)’.or ECMS (Elect
Copyright Management System) use these elements to determine where information is kept-regarding the manage
systdm. An example use of these elements is to track the usage of an image. During tranSfer; an agency determing
owngr of the image from the management systems elements. It already knows the consumer, and uses this informati
charge the user and credit the owner the amount as determined by the management system. This information is comn
stored on a server describing the IPR of the image, and depending upon whether IPR licensing is mandato
recommended, there shall be a link to where all information about it is kept. This element may contain the sub-elen
listed below. See Figure N.40.

ispubtisted—Obtigations may vary withtime—For exampte, it
forbidden to publish a photograph before a given date, etc.

IPR_MGMT_SYS: IPR management system. This element specifies what management sy
is used. The syntax of this element is specified in clause N76.45.

IPR Management System metadata

y be

stem

onic
ment
S the
DN to
only

y or
nents

<xsd:element name="IPR MGMT SYS">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR MGMT TYPE" type="xsd:string" minOccurs="0"/>
<xsd:element name="IPR_MGMT SYS ID" type="xsd:string" minOccurs="0"/>

<xsd:element fhame="IPR MGMT SYS LOCATION" type="xsd:anyURI"
minOccurs="0"/>

</xsd:sequence>

<xsd:attribulte) ref="jp:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:glement>

Figure N.40 — Schema of the IPR Management Systems metadata

N.6.4.6

IPR_MGMT_TYPE: The type of IPR Management System being used.
IPR_MGMT_ID: Information of an ID.
IPR_MGMT_LOCATION: Information of the location. E.g., URL.

IPR Identification metadata

This element specifies a link to a place (e.g., secured database or other storage place) where critical information is kept.
The identifier identifies a content; therefore, if an image is cropped, modified or made into a new image, then the image
shall be registered again, and a new identifier shall be acquired, because there are now two objects instead of merely one.
However, the parent image shall appear in the metadata set of the child. This element may contain the sub-elements listed
below. See Figure N.41.
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<xsd:element name="IPR IDENTIFICATION">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:IPR IDENTIFIER" minOccurs="0"/>
<xsd:element ref="jp:LICENCE PLATE" minOccurs="0"/>

</xsd:sequence>

N.6.4.7 Generic IPR Identifier metadata

This|element specifies a generic IPR identifier. This element may contain‘the sub-elements listed below. See Figure |

N.6.4

<l R R ML
St TTETOTT = YT

<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.41 — Schema of the IPR Identification metadata

IPR_IDENTIFIER: Generic IPR identifier. This element contains a generic purpose
identifier. The syntax of this element is specified in clause N.6.4.7.
LICENCE_PLATE: This element specifies License plate-0f'the content. The syntax of

element is specified in clause N.64.8:

PR

this

N.42.

<xsd:element name="IPR IDENTIFIER">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR’ID MODE" type="jp:tLangString" minOccurs="0"/>
<xsd:element namez=!"LPR ID" type="jp:tLangString" minOccurs="0"/>
</xsd:sequence>
</xsd:complexTypeX

</xsd:element>

Figure N.42 — Schema of the IPR Identifier metadata

IPR_ID_MODE: This element specifies the identification mode.

IPR_ID; This element specifies the identification. The Mode element describg
content of this element.

.8 ~\License Plate metadata

S the

lcol-o 10010 9 Tl

This
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f the

elements in the license plate contains a globally unique identifying sequence of numbers. This element may contain the
sub-elements listed below. See Figure N.43.
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<xsd:element name="LICENCE PLATE">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="LP_ COUNTRY" type="xsd:string" minOccurs="0"/>
<xsd:element name="LP_REG_AUT" type="xsd:string" minOccurs="0"/>

<xsd:element name="LP_ REG NUM" type="xsd:string" minOccurs="0"/>

[1NaX1]

<l bl = [T N ol i sh Wb Y DA M (1] el ot o 1 H
St rehmeh T 7 g g g e o s . s Y P Sttt T T joz=ye)

</xsd:sequence>
</xsd:complexType>

</xsd:element>

Figure N.43 — Schema of the License Plate metadata

LP_COUNTRY: This element specifies the country of registrdtion. The element contair)s the
country code (3-digit number) for the\license plate as defingd in
1SO 3166-1.

LP_REG_AUT: This element specifies the registration authority number for the li¢gense
plate.

LP_REG_NUM: This element specifies the registration number for the license plate.

LP_DELIVERY_DATE: This element specifieswhen the license plate was delivered to the regigtrant

by the registration authority.

OTE — A previous edition of this Recommendation | International, Standard referenced the 1997 edition of 1ISO 3166-1{ This
ecommendation | International Standard now makes an undated‘reference to 1SO 3166-1.

=z

N.6.4.9 IPR Contact Point metadata

This|element specifies the contact point of the right-holder. It includes a way to contact the current right holder in prder
to aqquire the rights under the form of a licence. Such information may be a postal address, URL or any phone of fax
number that is a non-ambiguous link to the right;holder.

A coptact point may be either a Person, an‘Organization, or a reference to a name or a person. This element may coptain
the spib-elements listed below. See Figure N.44.

<xsd:element, name="IPR CONTACT POINT">
<xsd:complexType>
<xsd:choice>
<xsd:element ref="jp:IPR_PERSON"/>
<xsd:element ref="jp:IPR ORG"/>

<xsd:element ref="jp:IPR NAME REF"/>

d:-choice

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.44 — Schema of the IPR Contact Point metadata

IPR_PERSON: This element specifies the person description. The syntax of this element
is specified in clause N.6.4.1.
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IPR_ORG:

IPR_NAME_REF:

DESCRIPTION:

Organization. This element specifies the organization description. The
syntax of this element is specified in IPR Names (see clause N.6.4.1).

Name Reference. This element specifies a reference to a person or
organization within the IPR metadata. This element is a link to one of the
Person or Organization elements within the IPR Names metadata
(see clause N.6.4.1).

This element is the description of the contact point that is an additional
value for the person or organization in Table N.14. The value listed in
Table N.16 is added and has the following meaning.

Table N.16 — Additional name description values

Value

Meaning

Collection This value is a link to a collector, museum, group, institution, etc.
The contact point may be a link to a name specified in IPR Names.

N.6.4.10 IPR History metadata

This|element specifies previous IPR metadata. The format of this element is defined alongiwith the Intellectual Property

Rights metadata (Figure N.35).

EacH time the IPR information of an image is changed, some of the IPR metadata-defined through clause N.6.4.1 and
clauge N.6.4.9 may be moved to this IPR History metadata element. The IPR History metadata stores all IPR metafata-

related modifications.

N.6.5 Image Identifier metadata

This|element specifies an image identifier that uniquely identifies<the image. The format may be globally unique [e.g.,

UUID), vendor or application dependent. This element may contain the sub-elements listed below. See Figure N.45

<xsd:element
<xsd:complexType>
<xsd:sequence>
<xsd:element
<xsd:element
</xsd:sequence>
</xsd:complexTypex
</xsd:element>

name="IMAGE ID">

ndame="UID" type="xsd:string" minOccurs="0"/>|
flame="ID TYPE" type="xsd:anyURI" minOccurs="0"/>

UID:

ID_TYRE:

N.7 Fundamental type and element definitions

Figure N.45 — Schema of the Image Identifier metadata

Unique Identifier. This element specifies the unique identifier of an image.
The ID_TYPE element specifies the format of the field.

Unique Identifier Type. This element specifies the type of the UID elenent
as a URI.

XML Schema Part 2 defines many built-in and derived datatypes; however, they are not sufficient to specify various
metadata elements defined in this Recommendation | International Standard. This clause defines the common types and
elements that are referenced within other metadata boxes. The types and elements defined are intended only to be used or
referred to in other schemas, and have no intrinsic significance.

N.7.1  Defined types

N.7.1.1 Non-negative double type

This type is used for double numbers greater than or equal to zero. See Figure N.46.
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<xsd:simpleType name="tNonNegativeDouble">
<xsd:restriction base="xsd:double">
<xsd:minInclusive value="0"/>
</xsd:restriction>

</xsd:simpleType>

Figure N.46 — Schema of the non-negative double type

N.7
This

N.47.

N.7.

This
inten

1.2 Rational type

type is used to define rational numbers. It contains an enumerator and denominator in a single string.”See F

<xsd:simpleType name="tRational">
<xsd:restriction base="xsd:string">
<xsd:pattern value=" (\-|\+)?2[0-9]+/[0-9]+"/>
</xsd:restriction>

</xsd:simpleType>

Figure N.47 — Schema of the «ational type

.3 String including language attribute type

type is used to when an element requires a string and @\language attribute definition. The content of this elem
ded to store human readable data. See Figure N.48.

<xsd:complexType name="HlangString">
<xsd:simpleContent>
<xsd:extensien\base="xsd:string">
<xsd:atgribute ref="xml:lang"/>
</xsd:dxtension>
</xsds=SimpleContent>

</xsdscomplexType>

Figure N.48 — Schema of the string including language attribute type
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N.7.1.4 Degree type

This type specifies a direction in degrees and fractions of degrees. The exact meaning of the values is dependent on usage.
See Figure N.49.

<xsd:simpleType name="tDegree'">
<xsd:restriction base="xsd:double">
<xsd:minExclusive value="-180"/>

sd-maxTInclusive valne="180"

N.7

This
This

N.7.
This

</xsd:restriction>

</xsd:simpleType>

Figure N.49 — Schema of the degree type

1.5 Half degree type

type defines a smaller range than Degree Type (see clause N.7.1.4). See Figure N:50:

type specifies a direction in degrees and fractions of degrees. The exact meaning of the‘values is dependent on u

bage.

<xsd:simpleType name="tHalfDegree">
<xsd:restriction base="xsd:double">
<xsd:minExclusive value="-90"/>
<xsd:maxInclusive value="90"/>
</xsd:restriction>

</xsd:simpleType>

Figure N.50 *Schema of the half degree type

1.6 Double size type

type specifies a size in double coordinates. See Figure N.51.

<xsd:complexType name="tDoubleSize">
<xsd:sequénce>
<xsd:element name="WIDTH" type="jp:tNonNegativeDouble"/>
<xsd:element name="HEIGHT" type="]jp:tNonNegativeDouble"/>
</xsd:sequence>

</xsd:complexType>

260

Figure N.51 — Schema of the double size type
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N.7.1.7 Integer size type

This type specifies a size in integer coordinates (e.g., pixels). See Figure N.52.

<xsd:complexType name="tIntSize">
<xsd:sequence>
<xsd:element name="WIDTH" type="xsd:positivelnteger"/>

<xsd:element name="HEIGHT" type="xsd:positivelInteger"/>

Xsd:sequence

</xsd:complexType>

Figure N.52 — Schema of the integer size type

N.7.1.8 DateTime type

This|type specifies a partial or exact date. A date can include either a specific day (e.g., 26/January 2000), or a brgader
defirfition such as "Winter." A date may or may not include a time. This type may contairithe sub-elements listed bglow.
See Figure N.53.
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<xsd:complexType name="tDateTime">

<xsd:sequence>

<xsd:choice minOccurs="0">

<xsd:element name="EXACT" type="xsd:dateTime"/>

<xsd:element name="DATE" type="xsd:date"/>

<xsd:sequence>

<l

[1NaX1]

bl =
St reheh Tt

<xsd:simpleType>
<xsd:restriction base="xsd:positivelInteger">
<xsd:minInclusive value="1"/>
<xsd:maxInclusive value="12"/>
</xsd:restriction>

</xsd:simpleType>

</xsd:element>

<xsd:element name="YEAR" type="xsd:gYear" miriQccurs="0"/>
<xsd:element name="CENTURY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:integer"/>

</xsd:simpleType>

</xsd:element>
</xsd:sequence>

</xsd:choice>

<xsd:element name="WEEKxDAY" type="xsd:string" minOccurs="0"/>

<xsd:element name="SEASON" type="xsd:string" minOccurs="0"/>

<xsd:element ref="Jjp
</xsd:sequence>

<xsd:attribute\ref="jp

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

:COMMENT" minOccurs="0"/>

:TIMESTAMP" />

MNIONIT T H
IO IT T joz=ye)

Figure N.53 — Schema of the DateTime type

EXACT: This element contains an exact date and a time.

DATE: This element contains a date (excluding the time of day).

MONTH: This element contains a month of the year. An integer value is used rpther
than a string to be consistent with the other elements contained in the
DateTime type. The value for January shall correspond to 1 and December
to 12.

YEAR: This element contains a calendar year. Positive values used for AD and
negative values for BC. The year zero is not valid.

CENTURY: This element contains the century that an event occurred. For example, the
twentieth century is stored as "19." The century zero is not valid.

WEEK_DAY: This element is a text description of the day. Examples include "Monday"

Rec. ITU-T T.801 (V3) (08/2023)

and "Friday."
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COMMENT:

N.7.1.9 Address type

ISO/IEC 15444-2:2023 (E)

This element is a text description of a season. Examples include, "Spring,"
"Summer," "Autumn," and "Winter."

See Comment element (clause N.7.3.1) for more information on this
element. Examples include "Easter Sunday," "Morning," "Just after lunch."

This type specifies the address of an object or location. For example, it may be used to describe the address an image was
captured, or the address of the intellectual property owner of an image. This type may contain the sub-elements listed

below. See Figure N.54.

<xsd:sequence>

</xsd:element>

</xsd:choice>

</xsd:sequence>

</xsd:complexType>

<xsd:complexType name="tAddress">

<xsd:element name="ADDR NAME" type="jp:tLangString" minOccurs=40"/>
<xsd:element name="ADDR COMP" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="jp:tLangString">
<xsd:attribute name="TYPE" type="xsd:stxing"/>
</xsd:extension>
</xsd:simpleContent>

</xsd:complexType>

<xsd:choice minOccurs="0">
<xsd:element name="ZIPCODE"-type="xsd:string"/>

<xsd:element name="POSTCODE" type="xsd:string"/>

<xsd:element name="CQUNTRY" type="jp:tLangString" minOccurs="0"/>

<xsd:attribute fame="TYPE" type="xsd:string"/>

<xsd:attribute,fef="jp:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

ABDPR_NAME:
ADDR_COMP:

Figure N.54 — Schema of the Address type

Address name. It is a descriptive element for the address.

Address component. Multiple elements are used to specify the complete
address. The order of the address elements specifies the full address. A full

TYPE:

© ISO/IEC 2023 - All rights reserved

address shall be generated by concatenating the separate address elements.
For example, if the type is a "state”, this element contains the name of the
state. Where the type is a "street," this element contains the name of the
street. 1SO 3166-2 lists country subdivision codes. These codes may be
used in this element, when the element is being used to specify a country
subdivision.

This is the name of this part of the address. Examples include "street™" or
"state." I1SO 3166-2 specifies country subdivisions and the types of these
divisions. These subdivision types may be used to specify the address type.
Suggested values and their corresponding meanings are listed in Table
N.17. Multiple values shall not be specified within a single element.
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NOTE 1 — A previous edition of this Recommendation | International Standard referenced the 1998 edition of 1SO 3166-2. This
Recommendation | International Standard now makes an undated reference to 1SO 3166-2.

Table N.17 — Address component type values

Value Meaning
Unit The unit number of the address to identify a house or a house name relative to a street.
Room The room number within a building or an apartment.
Street The street address in a postal address. Examples are street name, avenue and house number.
Postbex Fhe-postofficebor—number
City The locality of a.geographic area.
State The name of a geographical subdivision. Other terms such as "Province", "Prefecture”, "€ounty" may
be used instead.

ZIPCODE/POSTCODE: This element specifies the postcode (or zip code),of<the address. |This
element is not limited in length. The element has the title "Postcodg" or
"Zip code." An address cannot contain both a posteode and a zip codg.

COUNTRY: This element specifies the country of the address. The element can gither
contain the country code as defined in 1SO~3166-1 or a string identifying
the country. The ISO 3166-1 country-code is preferred.

TYPE: This element specifies the type of the whole address. The address|type
would include whether the address’is a home address or a business address.
Suggested type values are listed in Table N.18. Multiple type values|may
be specified delimited with acomma (",").

OTE 2 — A previous edition of this Recommendation | International Standard referenced the 1997 edition of 1SO 3166-1] This
ecommendation | International Standard now makes an undated reference to 1ISO 3166-1.

0=

Table N.18 — Address type values

Value Meaning
Dorhestic The domestic delivery address.
Intgrnational The international delivery address.
Posial The postal delivery_ address.
Horpe The delivery address for a residence.
Work The delivéry)address for a place of work.

N.7.1.10 Phone number type

This|type specifies a phene.number. This type may contain the sub-elements listed below. See Figure N.55.

<¥s5d:complexType name="tPhone">
<xsd:sequence>

<xsd:element name="COUNTRY CODE" type="xsd:string" minOccurs="0"/>

<xsd:element name="AREA" tType="xsd:string’ minoOccurs="0"/>
<xsd:element name="LOCAL" type="xsd:string" minOccurs="0"/>
<xsd:element name="EXTENSION" type="xsd:string" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute name="TYPE" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

</xsd:complexType>

Figure N.55 — Schema of the Phone number type
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This element contains the country code part of a phone number. This phone
code does not include any prefix such as "00" used to dial international
numbers, but instead just the international country code. This element also

does not include a leading "+."

AREA: This element contains the local area code part of a phone number. This area
code does not include leading zeros (or other digits) used to dial an
interstate number from within a country. It appears as it would be appended
directly to a country code.

LOCAL: This element contains the local phone number.

TYPE: This element defines the type of the phone number. The phone numbel type
would include whether the phone number is a home phone qumbetr| or a
business phone number. Suggested type values are listed-in Fable IN.19.
Multiple type values may be specified delimited with a comma (",").

Table N.19 — Phone number type values

Value Meaning
Home Phone number associated with a residence.
Message Phone number that has voice message suppert)
Work Phone number associated with a place of\work.
Voice Phone number indicating a voice telephone.
Cell Cellular telephone number.
Video Video conference telephonésnumber.
BBS Bulletin board system telephone number.
Modem A modem connectettelephone number.
Car A car-phone telephone number.
ISDN ISDN service\telephone number.
PCS Personalccommunication service telephone number.

N.7.1.11 Email address type

This|type specifies an email address. This type may contain the sub-elements listed below. See Figure N.56.

<xsd:complexType name="tEmail">
<xsd:simpdeContent>
<x&dypextension base="jp:tLangString">
<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

</xsd:extension>

</xsd:simpleContent>

</xsd:complexType>

Figure N.56 — Schema of the Email address type

TYPE: This element contains the type of the email address.

N.7.1.12 Web address type

This type specifies a web page address. This type may contain the sub-elements listed below. See Figure N.57.
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<xsd:complexType name="tWeb">
<xsd:simpleContent>
<xsd:extension base="jp:tLangString">
<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

</xsd:extension>

<l H lal = .
TeehT

Se-STHP T

</xsd:complexType>

Figure N.57 — Schema of the Web address type

TYPE: This element contains the type of the web page.

.13 Person type

type specifies a person. The sub-elements are compatible with the vCard descriptiondéfined in RFC 2426. Thidtype
contain the sub-elements listed below. See Figure N.58.
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<xsd:complexType name="tPerson">
<xsd:sequence>
<xsd:element name="NAME TITLE" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="PERSON NAME" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>

<xsd:sequence>

<l bl i [IANE RV i aratViankl] 1 N el
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<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="TYPE" use="optional" default="Given">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Prefix"/>
<xsd:enumeration value="Given"}/>
<xsd:enumeration value="Ramily"/>
<xsd:enumeration valuwesV'Suffix"/>
<xsd:enumeration va¥ue="Maiden"/>
</xsd:restriction%
</xsd:simpleType>
</xsd:attribute>
</xsd:extensions
</xsd:simpleCehbent>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsdfattribute ref="xml:lang"/>
</xsdscomplexType>
</&sd:element>

s<xsd:element name="NICK NAME" type="xsd:string" minOccurs="0"
maxOccurs="unbounded" />

<xsd:element name="JOB TITLE" type="xsd:string" minOccurs="0"/>

<xsd:choice minOccurs="0">

<xsd:element name="PERSON ORG" type="jp:tOrganization"/>
<xsd:element name="ORG _REF" type="xsd:string"/>
</xsd:choice>

<xsd:element name="ADDRESS" type="jp:tAddress" minOccurs="0"
maxOccurs="unbounded" />

<xsd:element name="PHONE" type="jp:tPhone" minOccurs="0"
maxOccurs="unbounded" />

<xsd:element name="EMAIL" type="jp:tEmail" minOccurs="0"
maxOccurs="unbounded" />
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<xsd:element
maxOccurs="unbounded" />

name="WEB" type="jp:tWeb" minOccurs="0"

<xsd:element name="BIRTH DATE" type="xsd:date" minOccurs="0"/>

<xsd:element name="AGE" type="xsd:duration" minOccurs="0"/>

<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute name="ID" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

NAME_TITLE:
PERSON_NAME:

Figure N.58 — Schema of the Person type

The element contains the person's title.

This element specifies a framework to describe-a person's name. A person's
name is composed of multiple name compenents (e.g., given name(s) and
family name(s)). The order of the name_component elements specifigs the
full name of the person. For examplein_languages where the family hame
is usually placed before the given mame, then they would appear ir this
order in the file.

NAME_COMP: Name component. This element contains a single portion (word) of the
name of a person. A nam€)xemponent element may contain a single ipitial
rather than a complete«word. To specify the full name of a person, multiple
name component elements are used. This element contains a tyge as
specified below.

TYPE: Name companent type. This element defines the type of the Name
Componentelement. This element would include whether the hame
component’is a Suffix, Prefix, Given or Family name. Suggested values
and.their corresponding meanings are listed in Table N.20. Multiple vhlues
shall hot be specified within a single type filed.

Table'N.20 — Name component type values
Value Meaning
Prefix A persondl title. (e.g., Dr., Sir)
Given ACname construct that is normally given to an individual by the parent or is chosen by the individual.
This is the default value of the name component type.
Fanpily A name component that is normally inherited by their parent or assumed by marriage.
Suffix A generation qualifier (e.g., Jr., I11), decorations and awards. (e.g., Q.C., Ph. D)
Maliden A name component of a woman's family name before getting married.

NICK_NAME: This element specifies a nick name of the person. E.g., "Jimmy."

'IﬁR_TITI E: Thiselement cpnr\ifinc the. pnrcnn'c Jir\lf\ title

ORGANIZATION: This element specifies the organization for which a person is a member of.
The organization element may be either contained within the person
element, or referenced.

ORG_REF: Organization reference. A reference to the organization. This element is a
link to one of the Organization elements within the metadata.

ADDRESS: This element specifies address information for the person. For example, it
can contain a home address or a work address. It does not necessarily
contain the address depicted within the image, but instead information
about the person. See Address type (clause N.7.1.9) for the format of this
element.
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PHONE: Phone number. This element specifies phone number information for the
person. See Phone number type (clause N.7.1.10) for the format of this
element.

EMAIL: Email address. This element specifies an email address for a person. See
Email address type (clause N.7.1.11) for the format of this element.

WEB: Web page. This element contains a web page for a person. See Web address
type (clause N.7.1.12) for the format of this element.

BIRTH_DATE: Date of birth. This element specifies the birth date of the person. This
element shall specify an exact date. For non-specific information the
Comment eloment shall he 1isaed

AGE: This element contains the age of a person.

COMMENT: This element specifies user- and/or application-defined jihform
beyond the scope of other properties in the person type({'See Com
element (clause N.7.3.1) for more information on this element.

ID: This element specifies the unique identifier for the-person.

N.7.

This
This

.14 Organization type

type specifies an organization. The sub-elements are compatible with the vCard description defined in RFC 2
type may contain the sub-elements listed below. See Figure N.59.

426.

<xsd:complexType
<xsd:sequence>
<xsd:element

<xsd:element

<xsd:element

<xsd:element

<xsd:element

<xsd:element

<xsd:elemert
<xsd:element

<xsdeelement

maxOccurs="unbounded" />

maxOccurs="unbounded" />

maxOccurs="unbounded" />

maxOccurs="unbounded" />

</xs8d:sequence>

name="tOrganization">

name="ORG_NAME" type="jputLangString" minOccurs="0"/>

name="ADDRESS" type="jp:tAddress" minOccurs="0"

name="PHONER type="jp:tPhone" minOccurs="0"

name='EMATIL" type="jp:tEmail" minOccurs="0"

name="WEB" type="jp:tWeb" minOccurs="0"

nante="1L0GO_FILE" type="xsd:anyURI" minOccurs="0"/>
rlame="LOGO_FORMAT" type="xsd:string" minOccurs="0"/>
name="MIME TYPE" type="xsd:string" minOccurs="0"/>

ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute name="ID" type="xsd:string"/>
¥xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

sd:complexTvpe

Figure N.59 — Schema of the Organization type

ORG_NAME: Organization name. This element specifies the name of the organization.

ADDRESS: This element specifies address information for the organization. It does not
necessarily contain the address depicted within the image, but instead
information about the organization. See Address type (clause N.7.1.9) for
the format of this element.

PHONE: Phone number. This element specifies phone number information. See

© ISO/IEC 2023 - All rights reserved
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EMAIL:

WEB:

LOGO _FILE:

LOGO_FILE_FORMAT:

Email address. This element specifies an email address for an
Organization. See Email address type (clause N.7.1.11) for the format of
this element.

Web page. This element specifies a web page for an Organization. See Web
address type (clause N.7.1.12) for the format of this element.

This element specifies a reference to a logo file of the organization.

This element specifies the name of the logo file format. For example, EPS,
JP2 and TIFF.

N.7.
This
an in
is the

MIME_TYPE: This element specifies the Internet media type of the logo file.
COMMENT: This element specifies user- and/or application-defined informption
beyond the scope of other properties in the organization-type.| See
Comment element (clause N.7.3.1) for more information on this-elenjent.
ID: This element specifies the unique identifier for the organization.

.15 Location type

type specifies the physical location of an object or a scene. For example, it may be used to deScribe an object within
hage, or the location of a camera at the time of capture. The Location is the physical Iocation, whereas the Podition
position of an object relative to the image. See Figure N.60.

<xsd:sequence>

</xsd:sequence>

<xsd:complexType name="tLocation">

<xsd:element ref="jp:COORD_LOC" minOccuxs="0"/>
<xsd:element name="ADDRESS" type="jpebAddress" minOccurs="0"/>
<xsd:element ref="jp:GPS" minOccuLs&="0"/>

<xsd:element ref="jp:COMMENT" ainOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:rYang"/>

</xsd:complexType>

COORD_LOC:

ADDRESS:

GRS:

Figure N.60 — Schema of the Location type

Coordinate location. This element specifies the exact longitude, latjtude
and altitude of an object. The syntax of this element is specified in cJause
N.7.1.15.1.

This element specifies the location of an object using an address] See
Address type (clause N.7.1.9) for the format of this element.

Global Positioning System. This element specifies location informption
received from a GPS receiver. The syntax of this element is specified in
clause N.7.1.15.2.

COMMENT:

N.7.1.15.1 Coordinate location

This element specifies the terrestrial location (altitude/longitude/latitude) of an object. It may be used to describe the
content of an image along with the location of a camera.

THiS element SpeciTies the Tocation 0T an object that cannot be described
using the other location elements. For example, "Under the table." See
Comment element (clause N.7.3.1) for the format of this element.

While the coordinate location may have come from a GPS (and a GPS block may or may not be present in the metadata),
the values in the coordinate location may have come for some other means. For this reason, the location information is a
more general system for storing the location than the GPS system. The location information and the raw GPS data are

store

270
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GPS is one of a number of methods that may be used to determine a location. If the GPS information is filled in, it is
expected that the coordinate location is also specified. A reader shall only look in a single place to determine the
coordinate location (this element).

The meridian through Greenwich (Great Britain) is defined with the value longitude | = 0. The longitude | of a point P on
the surface is the angle between the planes through its meridian and the Greenwich meridian. The longitude is counted

from

Greenwich up to | =+180° in east(+) and west(-) directions.

The latitude j of a point P is the angle between a line normal to its parallel and the equatorial plane (j = 0). On a sphere
this normal line will be the connecting line between its center and the point P. On the elliptical earth this line will only
pass the center if P is situated at the equator. The latitude is counted from the equator up to j = £90° in north (+) and

sout

(_) directions.See l:igllrp N 61

N.7.

The

Fort
may
versi

If int

<xsd:element name="COORD LOC">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="LONGITUDE" type="jp:tDegree" minOccuks="0"/>
<xsd:element name="LATITUDE" type="jp:tHalfDegree"{miniOccurs="0"/>
<xsd:element name="ALTITUDE" type="xsd:double" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>

</xsd:element>

Figure N.61 — Schema of the Coordinate location element

fractions\of degrees. E.g., "138,700," "-122,450."
ftdetions of degrees. E.g., "35,383," "37,767."

positive is above, and negative is below.

.15.2 Raw GPS Informatian

on 2.1.

Coorldinate location shall be filled in.

This

element-may contain the sub-elements listed below. See Figures N.62 to N.64.

LONGITUDE: This element specifies the longitude, represented in double degrees
LATITUDE: This ‘'element specifies the latitude, represented in double degrees

ALTITUDE: -This element would contain the distance in meters. Zero is sea

nformation in these elements’is expected to be imported from a GPS system and is compatible with NMEA-(
his reason, the elements-are’not consistent with other metadata elements. For example, a distance on the GPS elen
be stored in miles, whil€ all other metadata distances are stored in meters. These elements are compatible with

ormation for-latitude, longitude and altitude are present in the raw GPS information, the matching elements i

and

and

evel,

138.
hents
Exif

h the
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<xsd:element name="GPS">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="GPS LAT REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">

<l o k] [1ANA1]
et TraTToT ot T

<xsd:enumeration value="S"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS LATITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegat4velnteger"/>
<xsd:element name="M" type="xsd:nonNegativelnteger"/>

<xsd:element name="3" type="7Jp:tNonNegativeDouble"
minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS_ LONG;,REF" minOccurs="0">
<xsd:simpleType>
<xsd:restrictionlbase="xsd:string">
<xsd:enumeration value="E"/>
<xsd:enumeration value="W"/>
</xsd:gestriction>
</xsd:simpleType>
</xs@+element>
<xgd:element name="GPS LONGITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="D" type="xsd:nonNegativelnteger"/>

Screlament—aame=110M"  tizao N denonNegativzelntacgar!
g =) =)

<xsd:element name="3" type="Jjp:tNonNegativeDouble"
minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>

<xsd:element name="GPS ALTITUDE" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsd:element name="GPS TIME" type="xsd:dateTime" minOccurs="0"/>

<xsd:element name="GPS_ SATELLITES" type="xsd:string" minOccurs="0"/>
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<xsd:element name="GPS STATUS" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="A"/>
<xsd:enumeration value="V"/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

<xsd:element name="GPS MEASURE MODE" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:positivelInteger">
<xsd:minExclusive value="2"/>
<xsd:maxInclusive value="3"/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

minOccurs="0"/>

<xsd:element name="GPS_ DOP" type="Jjp:tNonNegativeDouble"

Figure N.62 — Schema of the Raw GPS.Information element
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<xsd:element name="GPS SPEED REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="K"/>
<xsd:enumeration value="N"/>
</xsd:restriction>

</xsd:simpleType>

<l

k] .
Se-eremehRT

<xsd:element name="GPS SPEED" type="Jjp:tNonNegativeDoulble"
minOccurs="0"/>

<xsd:element name="GPS TRACK REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="T"/>
<xsd:enumeration value="M"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>

<xsd:element name="GPS TRACK" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsd:element name="GPS IMAGE DIR REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xgd:string">
<xsd:enumeration value="T"/>
<xsd:enumerationuvalue="M"/>
</xsd:restrictdion>
</xsd:simpleType>
</xsd:element>

<xsd:element name="GPS IMAGE DIR" type="jp:tNonNegativeDouble"
minOccurs="0"/>

<xsdv€lement name="GPS MAP DATUM" type="xsd:string" minOccurs="0"/>
<xsd:element name="GPS DEST LAT REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="N"/>

<xsd:enumeration value="S"/>

</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS DEST LATITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegativeInteger"/>

<xsd:element name="M" type="xsd:nonNegativeInteger"/>
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<xsd:element name="3" type="jp:tNonNegativeDouble"
minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS_DEST_LONG REF" minOccurs="0">
<xsd:simpleType>

<xsd:restriction base="xsd:string">

<xsd:enumeration value="E"/>
<xsd:enumeration value="W"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS DEST LONGITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegativelnteger"/>
<xsd:element name="M" type="xsd:nonNegativelnteger"/>

<xsd:element name="3" type="jp:tNonNegativeDouble"
minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS DEST/BEARING REF" minOccurs="0">
<xsd:simpleType>
<xsd:restrictionbase="xsd:string">
<xsd:enumération value="T"/>
<xsd:enumération value="M"/>
</xsd:\restriction>
</xsdssimpleType>
</xsdielement>

<xsd:element name="GPS DEST BEARING" type="Jjp:tNonNegativeDouble"
minOccydps="0"/>

Figure N.63 — Schema of the Raw GPS Information element (continued)
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<xsd:element name="GPS DEST DISTANCE REF" minOccurs="0">

<xsd:simpleType>

<xsd:restriction base="xsd:string">

<xsd:enumeration value="K"/>

<xsd:enumeration value="N"/>

</xsd:restriction>

</xsd:simpleType>

</xsd:element>

<xsd:element name="GPS_DEST DISTANCE"

minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

type="jp:tNonNegativeDouble"

Figure N.64 — Schema of the Raw GPS Information element+(concluded)

GPS_LAT_REF:

GPS Latitude Reference. This element’specifies whether the GPS Latjtude
is North or South. Table N.21 listS)legal values of this element.

Table N.21 — Latitude referenegé values

Value Meaning
N North Latitude
S South Latitude
GPS_LATITUDE: GPS Latitude. This element contains the latitude of the GPS receiver. T
N.22lists legal values of this element.
Table N.22 — Latitude values
Value Meaning
D The number of degrees of latitude.
M The number of minutes of latitude.
S The number of seconds of latitude.

GPS_LONG REF:

GPS Longitude Reference. This element specifies whether the

Longitude is East or West. Table N.23 lists legal values of this eleme

Table N.23 — Longitude reference values

[able

GPS
nt.

Value Meaning
E East longitude
w West longitude

GPS_LONGITUDE:

GPS Longitude. This element contains the longitude of the GPS receiver.
Table N.24 lists legal values of this element.
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Table N.24 — Longitude values

Value Meaning
D The number of degrees of longitude.
M The number of minutes of longitude.
S The number of seconds of longitude.

GPS_ALTITUDE:

GPS Altitude. This element contains the altitude of the GPS receiver.
altitude reading is given in meters relative to sea level (geoid).

alam ntal

o Tima ant_co. notha +
CTICTTICT T CoOMMmTiT o tric— o e — ot

S me—aftha CDC lonatinn
OT o T ITics T

Thic
TS tric TOTTTIoTT

RS _TINE
OT o T Hivie

GPS_SATELLITES:

GPS_STATUS:

Table N.25 — GPS Status values

determined. This element is in Greenwich Mean Time. This i
necessarily the camera capture time.

GPS Satellites. This element contains information about the satellites

The

was
not

used

to determine the camera position. This element can be used to describe the

number of satellites, their ID number, angle of eleyation, azimuth,
and other information. The format is not specifiedk

GPS Status. This element contains informatiop-on the GPS receiver af]
of image capture. Table N.25 lists legal valges-of this element.

Value Meaning
A Measurement.is)in progress.
\ Measurement is interrupted.

SNR

time

GPS_MEASURE_MODE: GPS Measure Mode. This element contains information on| the
measurement mode used to determine the GPS location. Table N.2§ lists
legal values.of this element.

Table N.26.£ GPS Measure mode values
Value Meaning

2 2 dimensional measurement.

3 3 dimensional measurement.

GPS_DOP: GPS Data Degree of Precision (DOP). This element contains a Yalue
indicating the GPS DOP. An HDOP (horizontal degree of precision) Yalue
is written during a two-dimensional measurement, and a PDOP (3D dg¢gree
of precision) value is written during a three-dimensional measuremerjt.

GPS SPEED_REF: GPS Speed Reference. This element contains the units of measure fgr the
GPS Speed element. Table N.27 lists legal values of this element.

Table N.27 — GPS Speed reference unit values
Value Meaning
K Kilometres per hour
N Knots

GPS_SPEED: GPS Speed. This element contains a value indicating the speed of the GPS
receiver. The value units are defined by the GPS Speed Reference.

GPS_TRACK_ REF: GPS Track Reference. This element contains the reference for the GPS
Track element. Table N.28 lists legal values of this element.
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Table N.28 — Direction reference values

Value Meaning
T True north
M Magnetic north

GPS_TRACK:

GPS_IMAGE_DIR:

GPS_MAP_DATUM:

GPS_DEST_LAT_REF:

GPS_DEST_LATITUDE:

GPS_DEST_LONG_REF:

GPS_DEST_LONGITUDE:

GPS_DEST_BEARING_REF:

GPS_DEST_BEARING:

GPS_DEST_DISTANCE.)REF:

Table N.29 — GPS Destination distance reference unit values

GPS Track. This element contains the value in degrees indicating the

direction of the GPS receiver movement. 0 indicates North and 90 ind
East.

element.

GPS Image Direction. This element contains the value lin de
indicating the direction the camera is facing at the timelof takin
picture. 0 indicates North and 90 indicate East.

GPS Map Datum. This element specifies the geodetic survey data usq

icate

jrees
 the

d by

the GPS receiver. For example, if the survey data is restricted to Japaf, the

value of this tag is "TOKYQO" or "WSG-84.”

GPS Destination Latitude Reference. Fhis‘element specifies whethe
GPS Destination Latitude is North or:Seuth. Table N.21 lists legal vi
of this element.

GPS Destination Latitude. This element contains the destination latitu
the GPS receiver. Table N.22\lists legal values of this element.

GPS Destination Longitude Reference. This element specifies whethg
GPS Destination Laongitude is East or West. Table N.23 lists legal vi
of this element.

r the
hlues

He of

r the
hlues

GPS Destination™ Longitude. This element contains the destin

longitude of.the GPS receiver. Table N.24 lists legal values of this eIeTent.

GPS Destination Bearing Reference. This element contains the refe
for the)GPS Destination Bearing element. Table N.28 lists legal valu
this_element.

GPS Destination Bearing. This element contains the value in de
indicating the direction of the destination from the GPS rece
0 indicates North and 90 indicate East.

htion

ence
es of

jrees
iver.

GPS Destination Distance Reference. This element contains the units of

measure for the GPS Destination Distance element. Table N.29 lists
values of this element.

Value Meaning
K Kilometres per hour
N Knots

legal

GPS_DEST_DISTANCE:

N.7.1.16 Direction type

GPS Destination Distance. This element contains a value indicating the
distance to the destination from the GPS receiver. The value units are

defined by the GPS Destination Distance Reference.

This type specifies a three-dimensional heading. While this type is primarily used to specify the direction a camera is
facing, it may also be used to specify information about an object in a scientific photograph for example. When calculating
the direction the camera is facing, first the yaw is applied, then the pitch, then the roll. This type may contain the sub-

elements listed below. See Figure N.65.
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<xsd:complexType name="tDirection">

<xsd:sequence>

<xsd:element name="YAW" type="jp:tDegree" minOccurs="0"/>

<xsd:element name="PITCH" type="]jp:tHalfDegree" minOccurs="0"/>

<xsd:element name="ROLL" type="jp:tDegree" minOccurs="0"/>

<xsd:element ref="jp:COMMENT" minOccurs="0"/>

N.7.
This

The
poin
1.0.
a squ
to th

<l
CAIE=A=S peasr 2y

</xsd:complexType>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

YAW:

PITCH:

ROLL:

COMMENT:

.17 Position type

— AnX, y single poirt.

— A fregstext comment element.

Figure N.65 — Schema of the Direction type

— Arrectangular area (specified as an x, y, width and height).
—  Aset of splines that represent an area of the image.

mage is described in a Cartesian system, with the X-axis horizontal and pointing to the right, the Y-axis vertica
ing downward, and the origin at the upper left corner. The scale is such that the height of the image is hormaliz
['0 keep,the scale of the X-axis and the Y-axis the same, the image width (R) is its aspect ratio (width/height). ]
are’part of any image has equal width and height in this coordinate system. The metadata coordinate system f
P iage area on the reference grid as defined in ITU-T T.800 | ISO/IEC 15444-1. See Figure B.1 in ITU-T T.

This element is the direction the capture deviee is facing. The elemg
measured in degrees. North is 0, East is.90,South 180 and West is —9

This element is a measure of the elevation angle of the capture device.
element is a Double value between.—90 and +90, also measured in deg
0 facing horizontal. 90 is facing vertically straight upwards, and
vertically downwards.

This element is a measure/of the rotation angle of the capture device.
element is a Double«value between —180 and 180, also measurg
degrees. 0 facing horizontal. 90 where the device is rotated clockwis
the left of the dewvice is facing upwards, and —90 where the device is ro
anti-clockwise. 180 is upside down.

This elemént specifies user- and/or application-defined inform
beyondthe scope of other properties in the direction types. For exaf
"Upwards," "To the left." See Comment element (clause N.7.3.1) for
information on this element.

type is used to specify the position of an object, within an image. The Position type can be one of the following:

nt is
0.
This
rees.
-90

This
d in

and
tated

ption
hple,
more

| and
pd to
hus,
pfers

BOO |

ISO/ IEC 15444-1 for an illustration of the image area. Coordinate (0, 0) refers to the top left of pixel (XOsiz, YOsiz) and
coordinate (R, 1) refers to the bottom right of pixel (Xsiz—1, Ysiz—1) on the reference grid where XOsiz, YOsiz, Xsiz and
Ysiz are the values of the respective fields in the SIZ marker (see clause A.2.3) in the codestream. Other coordinates map
linearly into this image area.

This information may become useless if the image is cropped or manipulated. See Location type (clause N.7.1.15) for the
difference between the Position and Location types. See Figure N.66.
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<xsd:complexType name="tPosition">

<xsd:sequence>

<xsd:choice minOccurs="0">

<xsd:element name="POINT" type="jp:tPoint"/>

<xsd:element name="RECT" type="jp:tRect"/>

<xsd:sequence>

<l

bl =
St-erehehT

Voo omu o oY il
e 1=n'a =4 JP -t =

ot

</xsd:sequence>
</xsd:choice>
<xsd:element ref="jp
</xsd:sequence>
<xsd:attribute ref="jp

</xsd:complexType>

<xsd:element name="REGION" type="jp:tRegion"/>

:COMMENT" minOccurs="0"/>

:TIMESTAMP" />

POINT:

RECT:

REGION:

COMMENT:

N.7.1.18 Point type

Figure N.66 — Schema of the Position type

Single point. This element specifies a single point in the coordingtion
system. See Point type “(clause N.7.1.18) for more information of this
element.

Rectangular region, This element specifies a rectangular region in the
coordinate system. See Rect type (clause N.7.1.19) for more informption
of this element.

Arbitrary~region. This element specifies an arbitrary region. See Rdgion
type (elause N.7.1.20) for more information on this element.

This element can describe the position of an object less accurately thap one
ofthe above methods. For example, this element may contain "Botton] left-
hand corner" or "Second from the left in the top row." See Comment
element (clause N.7.3.1) for more information on this element.

This|type specifies details abgut a single point on an image. This type is used to describe a single point in the coordjinate

systgm. This type shall contain the sub-elements listed below. See Figure N.67.

<xsd:sequence>

<xs@=complexType name="tPoint">

<xsd:element name="X" type="jp:tNonNegativeDouble"/>

<xsd:element name="Y" type="Jp:tNonNegativeDouble"/>

</xsd:sequence>

</xsd:complexType>

Figure N.67 — Schema of the Point type

X
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This element specifies the X coordinate of the point.
This element specifies the Y coordinate of the point.
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N.7.1.19 Rect type

This type specifies details about a rectangular region on an image. This type is used to describe a rectangular region in
the coordinate system. See Point type (clause N.7.1.18) for the base format of this type. Additionally, this type shall

contain the sub-elements listed below. See Figure N.68.

<xsd:complexType name="tRect">
<xsd:complexContent>

<xsd:extension base="jp:tPoint">

<xsd:sequence>
<xsd:element name="WIDTH" type="]jp:tNonNegativeDouble"/>
<xsd:element name="HEIGHT" type="jp:tNonNegativeDouble"/>
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>

</xsd:complexType>

Figure N.68 — Schema of the Rect type

X: The left of the rectangle.

Y: The top of the rectangle.

WIDTH: The width of the rectangular (to the right of X).
HEIGHT: The height of the rectangular (below Y).

N.7.1.20 Region type

This|type specifies details about an arbitrary region otvan image. This type consists of a start point and one or more
segments. Each segment may be either a straight line\(specified using a point), or a spline.

Where an arbitrary region is specified, a Rectangular Region shall also be specified (which is the bounding box gf the
Arbifrary Region). A standard JPX compliant.metadata reader or editor has the option of not using the Arbitrary Repion,
even|if the Rectangular Region is used.

This|type shall contain the sub-elements-listed below. See Figure N.69.
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<xsd:complexType name="tRegion">
<xsd:sequence>
<xsd:element name="POINT" type="jp:tPoint"/>
<xsd:choice minOccurs="0" maxOccurs="unbounded">
<xsd:element name="POINT" type="jp:tPoint"/>

<xsd:element name="SPLINE">

N.7.

This
shall

sehcomprertye
<xsd:sequence>
<xsd:element name="X1" type="7jp:tNonNegativeDouble"/>
<xsd:element name="Y1" type="jp:tNonNegativeDouble"/>
<xsd:element name="X2" type="7jp:tNonNegativeDouble"}{>
<xsd:element name="Y2" type="jp:tNonNegativeDouble"/>
<xsd:element name="X" type="]jp:tNonNegativeDoubkle"/>
<xsd:element name="Y" type="]jp:tNonNegatiyeDouble" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:choice>

</xsd:sequence>

</xsd:complexType>

Figure N.69 — Schema of the Region type

POINT: Start.RPoint: This is the starting point of the spline in the coordinate sy
See-Point type (clause N.7.1.18) for the format of this element.

POINT: ‘This element specifies a line starting at the end of the previous spling
ending at the new point. See Point type (clause N.7.1.18) for the forn
this element.

SPLINE: This element specifies a Bezier curve starting at the end of the pre

the first and second control points of the spline respectively.

.21 Product details’type

type specifies,fetails about a product (hardware or software). By combining these three elements, a unique
be created. This type may contain the sub-elements listed below. See Figure N.70.

282

tem.

and
at of

ious

spline, and ending at the new end point (X, y), with x1, y1 and x2, y2 leing

alue
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N.7.2 Defined attributes

N.7.2.1 Language attribute

The

langtiage in which the metadata is stored. English (e:g., "en™) is assumed where the language is not specified.

Whefe an element specifies a Language attribute, and also sub-elements, the Language of the sub-elements is the
as the enclosing element unless the Language attribute is specified separately within the sub-element. See Figure N

N.7
Wh

2.2 ATimestamp attribute

ISO/IEC 15444-2:2023 (E)

<xsd:complexType name="tProductDetails">
<xsd:sequence>
<xsd:element name="MANUFACTURER" type="jp:tOrganization" minOccurs="0"/>
<xsd:element name="MODEL" type="xsd:string" minOccurs="0"/>
<xsd:element name="SERIAL" type="xsd:string" minOccurs="0"/>

<xsd:element name="VERSION" type="xsd:string" minOccurs="0"/>

sdeseauen
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

Figure N.70 — Schema of the Product Details type

MANUFACTURER: Manufacturer name. This element specifies’the’name of the manufag

shown on the device. See Organization' type (clause N.7.1.14) fo
format of this element.

pttribute is formatted according to RFC 3066. \When a metadata element has a Language attribute, it specifig

turer

or vendor of the product. It is recommended*to set the manufacturer pame

I the

MODEL.: Model name. This element specifies the model name or number of the
product.

SERIAL: Serial Number. This element specifies the serial number of a product

VERSION: Version Number. This glement specifies the version number of a proguct.

5 the

bame
71.

<xsd:attribute(ngme="xml:lang" type="xsd:language"/>

Figure N.71 — Schema of the Language attribute

xml:lang; This element contains a string values that is RFC 3066 compliant,
syntax of this element shall match the Language Identification fg
of XML 1.0.

The
rmat

here

a“metadata eloment contains a Timncfnmp attribi ite, it cpnnifinc the time that the metadata wwas gnnnmmd \

an element specifies a Timestamp attribute, and also sub-elements, the Timestamp of the sub-elements is the same as the
enclosing element unless the Timestamp attribute is specified separately within the sub-element. See Figure N.72.

<xsd:attribute name="TIMESTAMP" type="xsd:dateTime"/>

Figure N.72 — Schema of the Timestamp attribute

TIMESTAMP: The syntax of this element is specified in XML Schema Part 2.
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N.7.3 Defined elements

N.7.3.1 Comment element

The Comment element is used to specify extra information to the element it contains that cannot be described otherwise
within the defined metadata. It is recommended that the Comment element is used as a last resort only when the other
metadata elements are not suitable to store a specific piece of metadata.

The content of this element is intended to store human readable data. Storing non-human readable data can be performed
using other metadata extension methods. See Figure N.73.

<xsd:element name="COMMENT">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="jp:tLangString">
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>

</xsd:element>

Figure N.73 — Schema of the Comment element

N.8 JPX extended metadata document type definition

<l--
Copyright (C) ISO/IEC 2001 - All rights reserved.

Permission to copy in ‘any form is granted for use with wvalidating and]

conforming
systems and applicatidns as defined in ISO/IEC 15444-2:2001, provided thig
copyright notice is included with all copies.
-—>
<!-- |
->
<!-- Funddamental Type and Element Definitions |
->
<l>s |
Ly
<!-- HUMAN_ SCHEMA DTD LOCATION:http://www.Jjpeg.org/metadata/15444-2.PDF -->
<!-- Attribute definitions -->

284 Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=108ee6daf6a8e8b4ddf2017d3e0a05a8

ISO/IEC 15444-2:2023 (E)

<!ENTITY % att-timestamp
<!ENTITY % att-lang
<!ENTITY $ att-lang-ts

<!ENTITY % att-lang-ts-id

"TIMESTAMP CDATA #IMPLIED">
"xml:lang CDATA #IMPLIED">

"$att-lang; %att-timestamp;">

"%att-lang-ts; ID CDATA #IMPLIED">

<!-- Geometric Type -->

<!ENTITY % size

" (WIDTH, HEIGHT)">

<!-- Date Type -->

<!ENTITY % jp2-tDateTime

" (EXACT | DATEN
(MONTH?, YEAR?, CENTURY?)),

WEEK DAY?,” SEASON?, COMMENT?">

<!ELEMENT EXACT
<!ELEMENT DATE
<!ELEMENT MONTH
<!ELEMENT YEAR
<!ELEMENT CENTURY
<!ELEMENT WEEK DAY

<!ELEMENT SEASON

(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >

(#PCDATA) >

<!-- Address typel 3>

<!ENTITY %~3jpZ2-tAddress

<&ELEMENT ADDRESS

<!ATTLIST ADDRESS

" (ADDR NAME?, ADDR COMP*,
(POSTCODE | ZIPCODE) ?,
COUNTRY?) ">
%$jp2-tAddress;>
TYPE CDATA #IMPLIED

2att-—lanc-—+
=

<!ELEMENT ADDR NAME

<!ATTLIST ADDR NAME

(#PCDATA) >

%att-lang;>

<!ELEMENT ADDR COMP

<!ATTLIST ADDR COMP

(#PCDATA) >

TYPE CDATA #IMPLIED>

© ISO/IEC 2023 - All rights reserved
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<!ELEMENT POSTCODE (#PCDATA) >

<!ELEMENT ZIPCODE (#PCDATA) >

<!ELEMENT COUNTRY (#PCDATA) >

<!ATTLIST COUNTRY %att-lang;>

<!'-- Phone number type -->

<!ENTITY % jp2-tPhone " (COUNTRY CODE?, AREA?,
LOCAL?, EXTENSION?)">

<!ATTLIST PHONE TYPE CDATA #IMPLIED
%att-timestamp; >

<!ELEMENT PHONE %jp2-tPhone; >

<!ELEMENT COUNTRY CODE (#PCDATAY>

<!ELEMENT AREA (#PCDATA) >

<!ELEMENT LOCAL (#PCDATA) >

<!ELEMENT EXTENSION (#PCDATA) >

<!-- Email Address Type-->

<!ELEMENT EMAIL (#PCDATA) >

<!ATTLIST EMAIL TYPE CDATA #IMPLIED>

<!-- Web Address Type-->

<!ELEMENT WEB (#PCDATA) >

<!ATTLIST WEB TYPE CDATA #IMPLIED>

—— Urgdnizatlon type ==

<!ENTITY % jp2-tOrganization " (ORG_NAME?,
ADDRESS*, PHONE*, EMAIL*, WEB¥*,

LOGO _FILE?, LOGO_FORMAT?,
MIME TYPE?,

COMMENT?) ">
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<!ELEMENT ORG NAME (#PCDATA) >

<!ATTLIST ORG_NAME satt-lang;>

<!ELEMENT LOGO FILE (#PCDATA) >

<!ELEMENT LOGO FORMAT (#PCDATA) >

<!ELEMENT MIME TYPE (#PCDATA) >

<!-- Person Type-->

<!ENTITY % jp2-tPerson " (NAME TITLE?,
PERSON NAME*, NICK_NAME*,
JOB TITLE?,
(PERSON_ORG_\\ORG REF) ?,
ADDRESS* (FHONE*, EMAIL*, WEB*,
BIRTH DATE?, AGE?,
COMMENT?) ">

<!ELEMENT NAME TITLE (#PCDATA) >

<!ATTLIST NAME TITLE %att-lang; >

<!ELEMENT

<!ATTLIST

PERSON NAME

PERSON NAME

(NAME_COMP+) >

%att-lang-ts;>

<!ELEMENT NAME COMP (#PCDATA) >

<!ATTLIST NAME_COMP TYPE (Prefix | Given | Family |
Suffix | Maiden) "Given">

<!ELEMENT NICK NAME (#PCDATA) >

<4ELEMENT JOB_TITLE (#PCDATA) >

<!ELEMENT PERSON_ ORG $jp2-tOrganization; >

<!ATTLIST PERSON ORG %$att-lang-ts-id;>

<!ELEMENT

ORG_REF

(#PCDATA) >

© ISO/IEC 2023 - All rights reserved
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<!ELEMENT BIRTH DATE

<!ELEMENT AGE

(#PCDATA) >

(#PCDATA) >

<!-- Location type -->

<!ENTITY % jp2-tLocation

" (COORD_LOC?, ADDRESS?,

<!ELEMENT LOCATION

<!ATTLIST LOCATION

GPS?, COMMENT?) ">
%$jp2-tLocation;>

%att-lang-ts;>

<!ELEMENT COORD_LOC

<!ATTLIST COORD_LOC

(LONGITUDE?, LATITUDE?, ALTITUDE?) >

%att-timestamp; >

<!ELEMENT LONGITUDE
<!ELEMENT LATITUDE

<!ELEMENT ALTITUDE

(#PCDATAR) >
(#PCDATE) >

(#PCDATA) >

<!-- GPS type --—>

<!ELEMENT GPS

GPS_IMAGEDIR?,

(GPS_LAT REF?, GPS LATITUDE?,
GPS_LONG_REF?, GPS_LONGITUDE?,
GPS_ALTITUDE?, GPS TIME?,
GPS_SATELLITES?, GPS_ STATUS?,
GPS_MEASURE_MODE?, GPS_DOP?,
GPS_SPEED REF?, GPS SPEED?,
GPS_TRACK_REF?, GPS_TRACK?,

GPS_IMAGE DIR REF?,

GPS_MAP DATUM?,
GPS_DEST_LAT REF?,

GPS_DEST LATITUDE?,

GRS _DEST TONG RELD
T

GPS_DEST LONGITUDE?,
GPS_DEST BEARING REF?,
GPS_DEST BEARING?,
GPS_DEST_DISTANCE REF?,

GPS_DEST DISTANCE?)>
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<!ELEMENT GPS LAT REF (#PCDATA) >
<!ELEMENT GPS LATITUDE (D, M, S?)>
<!ELEMENT GPS LONG REF (#PCDATA) >
<!ELEMENT GPS LONGITUDE (D, M, S?)>
<!ELEMENT GPS ALTITUDE (#PCDATA) >
<!ELEMENT GPS TIME (#PCDATA) >
<!ELEMENT GPS SATELLITES (#PCDATA) >
LHEEEMENT—GPS—SFATES HPEBATES
<!ELEMENT GPS MEASURE MODE (#PCDATA) >
<!ELEMENT GPS_ DOP (#PCDATA) >
<!ELEMENT GPS SPEED REF (#PCDATA) >
<!ELEMENT GPS_SPEED (#PCDATA) >
<!ELEMENT GPS TRACK REF (#PCDATA) >
<!ELEMENT GPS TRACK (#PCDATA) >
<!ELEMENT GPS IMAGE DIR REF (#PCDATA) >
<!ELEMENT GPS IMAGE DIR (#PCDATA) >
<!ELEMENT GPS MAP DATUM (#PCDATR)>
<!ELEMENT GPS DEST LAT REF (#PCDATA) >
<!ELEMENT GPS DEST LATITUDE (DX M, S?)>
<!ELEMENT GPS DEST LONG REF (#PCDATA) >
<!ELEMENT GPS DEST LONGITUDE (D, M, S?)>
<!ELEMENT GPS DEST BEARING REF (#PCDATA) >
<!ELEMENT GPS DEST BEARING (#PCDATA) >
<!ELEMENT GPS DEST DISTANCE REE (#PCDATA) >
<!ELEMENT GPS DEST DISTANCE (#PCDATA) >
<!ELEMENT D (#PCDATA) >
<!ELEMENT M (#PCDATA) >
<!ELEMENT S (#PCDATA) >
<!--_Direction type-->
<!ENTITY jp2-tDirection "(YAwW?, PITCH?, ROLL?, COMMENT?) ">
<!ELEMENT DIRECTION %jp2-tDirection;>
<!ATTLIST DIRECTION %att-lang-ts;>
<!ELEMENT YAW (#PCDATA) >
<!ELEMENT PITCH (#PCDATA) >
<!ELEMENT ROLL (#PCDATA) >
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<!-- Position type -->

<!ENTITY % jp2-tPosition

<!ELEMENT POSITION

<!ATTLIST POSITION

"((POINT | RECT | (RECT, REGION))?,

COMMENT?) ">
%jp2-tPosition;>

%att-lang-ts;>

<!ELEMENT POINT

(X, Y)>

<!ELEMENT RECT
<!ELEMENT SPLINE

<!ELEMENT REGION

(X, Y, WIDTH, HEIGHT)>
(X1, Y1, X2, Y2, X, Y)>

(POINT, (POINT | SPLINE) *)>

<!ELEMENT X
<!ELEMENT Y
<!ELEMENT WIDTH
<!ELEMENT HEIGHT
<!ELEMENT X1
<!ELEMENT Y1
<!ELEMENT X2

<!ELEMENT Y2

(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATX) >
(#PCDATA) >
(#PCDATA) >

(#PCDATA) >

<!-- Product Details Type -->

<!ENTITY % Jjp2-tProductDetafls
VERSION?) ">

" (MANUFACTURER?, MODEL?, SERIAL?,

<!ELEMENT MANUFACGTURER

<!ATTLIST MANUFACTURER

%jp2-tOrganization;>

%att-lang-ts-id;>

<!ELEMENT-MODEL (#PCDATA) >

<!ELEMENT SERIAL (#PCDATA) >

<!ELEMENT VERSION (#PCDATA) >
| - Comment lement ———

<!ELEMENT COMMENT (#PCDATA) >

<!ATTLIST COMMENT

%att-lang-ts;>

Rec. ITU-T T.801 (V3) (08/2023)
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S

->

<!-- TImage Creation Metadata

->

S

->

<!ELEMENT IMAGE CREATION (GENERAL CREATION INFO?,
CAMERA CAPTURE?,
SCANNER CAPTURE?,
SOFTWARE CREATION?,
CAPTURED ITEM?)>

<!ATTLIST IMAGE CREATION %att-lang-ts;>

<!-- General Image Creation -->

<!ELEMENT GENERAL CREATION INFO (CREATION_TIME?, IMAGE SOURCE?,
SCENE TYPE?, IMAGE CREATOR?,
OPERATOR ORG?, OPERATOR ID?)>

<!ATTLIST GENERAL CREATION INFO %att-lang-ts;>

<!ELEMENT CREATION TIME (#PCDATA) >

<!ELEMENT IMAGE SOURCE (#PCDATA) >

<!ATTLIST IMAGE SOURCHE %att-lang; >

<!ELEMENT SCENE-TYPE (#PCDATA) >

<!ATTLIST ‘SCENE TYPE %att-lang;>

<lELEMENT IMAGE CREATOR %$jp2-tPerson; >

<S!ATTLIST IMAGE CREATOR %att-lang-ts-id;>

<!ELEMENT OPERATOR_ ORG %$jp2-tOrganization;>

<!ATTLIST OPERATOR ORG $att-lang-ts-id;>

<!ELEMENT OPERATOR ID (#PCDATA) >

<!ATTLIST OPERATOR ID %att-lang;>
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<!-- Camera capture -->

<!ELEMENT

<!ATTLIST

CAMERA CAPTURE

CAMERA CAPTURE

(CAMERA INFO?, SOFTWARE INFO?,
LENS INFO?, DEVICE CHARACTER?,
CAMERA SETTINGS?, ACCESSORYY*)>

%att-lang-ts;>

<!ATTLIST

<!ELEMENT CAMERA INFO %$jp2-tProductDetails; >
<!ATTLIST CAMERA INFO %att-lang-ts;>
<!ELEMENT SOFTWARE INFO %jp2-tProductDetails’ >
<!ATTLIST SOFTWARE INFO %att-lang-ts;>
<!ELEMENT LENS INFO $jp2-tProductDetails; >
<!ATTLIST LENS INFO sattFlamg-ts;>
<!ELEMENT DEVICE CHARACTER (SENSOR_TECHNOLOGY?,

MIN F NUMBER?)>

DEVICE CHARACTER

FOCAL PLANE RES?,

SPECTRAL SENSITIVITY?,
ISO_SATURATION?, ISO NOISE?,
SPATIAL FREQ RESPONSE?,

CFA PATTERN?, OECF?,

%att-lang-ts;>

<!ELEMENT SENSOR_TECHNOLOGY (#PCDATA) >
<!ELEMENT FOCAL_PLANE_RES $size;>
<!ELEMENT SPECTRAL_SENSITIVITY ANY>
TELBEMENT LbU_bAiUKALlUL\I (#EFPCDATA)
<!ELEMENT ISO_NOISE (#PCDATA) >
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<!ELEMENT SPATIAL FREQ RESPONSE

<!ELEMENT SPATIAL FREQ VAL

<!ELEMENT SPATIAL FREQ
<!ELEMENT HORIZ SFR

<!ELEMENT VERT SFR

(SPATIAL FREQ VAL+)>

(SPATIAL FREQ, HORIZ SFR, VERT SFR)>

(#PCDATA) >
(#PCDATA) >

(#PCDATA) >

<!ELEMENT CFA PATTERN

(COLOR_ROW+) >

<!ELEMENT COLOR_ ROW

<!ELEMENT COLOR

(COLOR+) >

(#PCDATA) >

<!ELEMENT OECF

<!ELEMENT LOG VAL

(LOG_VAL+) >

(LOG_EXPOSURE, OUTPUT LEVEL+)>

<!ELEMENT LOG EXPOSURE (#PCDATA) >
<!ELEMENT OUTPUT LEVEL (#PCDATA) >
<!ELEMENT MIN F NUMBER (#BCDATA) >

<!-- Camera Capture Settings -->

<!ELEMENT CAMERA SETTINGS

METERING MODE?,

CAMERA LOCATION?,

ILATTIT TCom CAMED SETTTNCC

((EXP_TIME | R_EXP TIME)?,
F_NUMBER?, EXP_PROGRAM?,
BRIGHTNESS?, EXPOSURE BIAS?,

SUBJECT DISTANCE?,

SCENE ILLUMINANT?, COLOR TEMP?,
FOCAL LENGTH?, FLASH?,

FLASH ENERGY?, FLASH RETURN?,
BACK LIGHT?, SUBJECT POSITION?,
EXPOSURE INDEX?, AUTO FOCUS?,

SPECIAL EFFECT*,

ORIENTATION?, PAR?)>

S ottt ol oncat

< 7
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<!ELEMENT EXP TIME
<!ELEMENT R _EXP TIME
<!ELEMENT F NUMBER
<!ELEMENT EXP PROGRAM

<!ATTLIST EXP_ PROGRAM

(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >

%att-lang;>

<!ELEMENT BRIGHTNESS (#PCDATA) >

<!ELEMENT EXPOSURE BIAS (#PCDATA) >
LEREMENT—SUBIECTBESTANCE HH-PCBATAY

<!ELEMENT METERING MODE (#PCDATA) >

<!ATTLIST METERING MODE
<!ELEMENT SCENE ILLUMINANT
<!ATTLIST SCENE ILLUMINANT
<!ELEMENT COLOR_TEMP
<!ELEMENT FOCAL LENGTH
<!ELEMENT FLASH

<!ELEMENT FLASH ENERGY
<!ELEMENT FLASH RETURN
<!ELEMENT BACK LIGHT
<!ELEMENT SUBJECT POSITION
<!ATTLIST SUBJECT POSITION
<!ELEMENT EXPOSURE INDEX
<!ELEMENT AUTO FOCUS
<!ELEMENT SPECIAL EFFECT
<!ELEMENT CAMERA LOCATION
<!ATTLIST CAMERA LOCATION
<!ELEMENT ORIENTATION
<!ATTLIST ORIENTATIQN

<!ELEMENT PAR

satt-lang;>
(#PCDATA) >
%att-lang;>
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA)S
(#PCDATA)M>
(#PCDATA) >
$¥p2-tPosition;>
Satt-lang-ts;>
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
%jp2-tLocation;>
%att-lang-ts;>
%$jp2-tDirection;>
%att-lang-ts;>

(#PCDATA) >

<!ELEMENT. ACCESSORY

<!ATTLIST ACCESSORY

%jp2-tProductDetails; >

%att-lang-ts;>

!-- Scanner Capture -->

<!ELEMENT SCANNER CAPTURE

<!ATTLIST SCANNER CAPTURE

(SCANNER INFO?, SOFTWARE INFO?,

SCANNER SETTINGS?)>

%att-lang-ts;>

<!ELEMENT SCANNER INFO

<!ATTLIST SCANNER INFO

%$jp2-tProductDetails; >

%att-lang-ts;>
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<!ELEMENT SCANNER SETTINGS (PIXEL SIZE?, PHYSICAL SCAN RES?)>

<!ATTLIST SCANNER SETTINGS %att-timestamp;>

<!ELEMENT PIXEL SIZE (#PCDATA) >

<!ELEMENT PHYSICAL SCAN RES $size;>

<!'-- Software Creation -->

<!ELEMENT SOFTWARE CREATION (SOFTWARE INFO?)>

<!-- Captured Item -->

<!ELEMENT CAPTURED ITEM (REFLECTION PRINT,| FILM)>

<!ATTLIST CAPTURED ITEM %att-lang-ts;>

<!-- Reflection print -->

<!ELEMENT REFLECTION PRINT (DOCUMENT SIZE?, MEDIUM?, RP_TYPE?)>|

<!ELEMENT DOCUMENT SIZE $size;>

<!ELEMENT MEDIUM (#PCDATA) >

<!ELEMENT RP TYPE (#PCDATA) >

<!-- Film -->

<!ELEMENT ®LHLM (BRAND?, CATEGORY?, FILM SIZE?,
ROLL ID?, FRAME ID?, FILM SPEED?) >

<!APTHIST FILM %satt-lang-ts;>

<!ELEMENT BRAND $jp2-tProductDetails;>

<!ATTLIST BRAND satt-lang-ts;>

<!ELEMENT CATEGORY (#PCDATA) >

<!ELEMENT FILM SIZE $size;>

<!ELEMENT ROLL ID (#PCDATA) >

<!ATTLIST ROLL ID %att-lang; >

<!ELEMENT FRAME ID (#PCDATA) >

<!ELEMENT FILM SPEED (#PCDATA) >
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<!-- Content Description -

->

<l-- -

->

<!ELEMENT CONTENT DESCRIPTION (GROUP_CAPTION?, CAPTION?,
CAPTURE TIME?, LOCATION?,
PERSON*, THING*, ORGANIZATION*,
EVENT*, AUDIO*, PROPERTY,
DICTIONARY*, COMMENT?2)>

<!ATTLIST CONTENT DESCRIPTION %att-lang-ts;>

<!ELEMENT GROUP_ CAPTION (#PCDATAN>

<!ATTLIST GROUP_CAPTION Sattslang; >

<!ELEMENT CAPTION (#PCDATA) >

<!ATTLIST CAPTION %att-lang; >

<!ELEMENT CAPTURE TIME ($jp2-tDateTime; ) >

<!ATTLIST CAPTURE TIME %att-lang-ts;>

<!-- Person -->

<!ELEMENT (PERSON ($jp2-tPerson;, POSITION?,
LOCATION?, PROPERTY*)>

<!APENIST PERSON %att-lang-ts-id;>

<!-- Thing -->

<!ELEMENT THING (NAME?, COMMENT?, POSITION?,
LOCATION?, PROPERTY*, THING*)>

<!ATTLIST THING %att-lang-ts-id;>

<!-- Organization -->
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<!ELEMENT ORGANIZATION

<!ATTLIST ORGANIZATION

($jp2-tOrganization;, POSITION?,

LOCATION?, PROPERTY*)>

%att-lang-ts-id;>

<!-- Event -->

<TELEMENT EVENT

<!ATTLIST EVENT

(EVENT TYPE?, DESCRIPTION?,

LOCATION?, EVENT TIME?, DURATZON?,

COMMENT?, PARTICIPANTY*,
EVENT RELATIONY,
(EVENT | EVENT REF)*)»

%att-lang-ts-id;>

<!ELEMENT EVENT TYPE

<!ATTLIST EVENT TYPE

(#PCDATA) X

%att-lang; >

<!ELEMENT DESCRIPTION

<!ATTLIST DESCRIPTION

(#PCDATA) >

%att-lang; >

<!ELEMENT EVENT TIME

<!ATTLIST EVENT TIME

($jp2-tDateTime; ) >

%att-lang-ts;>

<!ELEMENT DURATION (#PCDATA) >
<!ELEMENT PARTIQIPANT (ROLE+,
(OBJECT REF | PERSON | THING

ORGANIZATTON) ) >

<!ATTLIST PARTICIPANT

%att-lang; >

<!ELEMENT ROLE

(#PCDATA) >

ATTLIST ROLE

Zactt-lang;

<!ELEMENT OBJECT REF

(#PCDATA) >

<!ELEMENT EVENT RELATION

(RELATION*, EVENT REF+)>
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<!ELEMENT RELATION (#PCDATA) >

<!ATTLIST RELATION satt-lang;>

<!ELEMENT EVENT REF (#PCDATA) >

<!-- Audio -->

<!ELEMENT AUDIO (AUDIO STREAM?, AUDIO_ FORMAT?)
MIME TYPE?, DESCRIPTION?,

COMMENT?) >

<!ATTLIST AUDIO %att-lang-ts;>

<!ELEMENT AUDIO STREAM (#PCDATA) >

<!ELEMENT AUDIO_ FORMAT (#PCDATA >

<!-- Property -->

<!ELEMENT PROPERTY (NAME?, VALUE*, COMMENT?, PROPERTY¥*)>

<!ATTLIST PROPERTY %att-lang-ts;

DICT REF CDATA #IMPLIED>

<!ELEMENT NAME (#PCDATA) >

<!ATTLIST NAME %att-lang;>

<!ELEMENT VAEUE (#PCDATA) >

<!ATTLIST “ALUE %att-lang; >
<lz2svDictionary Reference -->

<!ELEMENT DICTIONARY (DICT NAME?, COMMENT?)>
<!ATTLIST DICTIONARY $att-lang-ts-id; >
<!ELEMENT DICT NAME (#PCDATA) >

<!ATTLIST DICT NAME %att-lang; >
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S

->

<!-- History

->

S

->

<!ELEMENT HISTORY (PROCESSING SUMMARY?,

METADATA*) >

<!ATTLIST

HISTORY

<!ELEMENT METADATA

IMAGE PROCESSING HINTS?,

%att-lang-ts;>

(BASIC IMAGE PARAM?,
CONTENT DESCRIPTION?)
HISTORY?,

IPR?)>

IMAGE E€REATION?,

<!-- Summary -->

<!ELEMENT

<!ATTLIST

PROCESSING SUMMARY

PROCESSING SUMMARY

(IMG CREATED?, IMG CROPPED?,

IMG_TRANSFORMED?, IMG_GTC_ADJ?
IMG_STC ADJ?, IMG SPATIAL ADJ?
IMG_EXT EDITED?,
IMG_COMPOSITED?,

%att-timestamp;>

14

’

IMG RETOUCHED?,

IMG METADATA?) >

<!ELEMENT

<!ELEMENT

<!ATT&IST

IMAGE PROCESSING HINTS (MODIFIER?,

MODIFIERSjp2-tProductDetails;>

IMAGE PROCESSING HINTS

(IMG CREATED | IMG CROPPED |

IMG_TRANSFORMED | IMG GTC ADJ
IMG STC_ADJ | IMG_SPATIAL ADJ
IMG_EXT EDITED | IMG_RETOUCHED
IMG_COMPOSITED |

%$att-lang-ts;>

IMG METADATA) *) *>|
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<!ELEMENT IMG CREATED (#PCDATA) >
<!ELEMENT IMG CROPPED (#PCDATA) >
<!ELEMENT IMG TRANSFORMED (#PCDATA) >
<!ELEMENT IMG GTC ADJ (#PCDATA) >
<!ELEMENT IMG STC ADJ (#PCDATA) >
<!ELEMENT IMG SPATIAL ADJ (#PCDATA) >
<!ELEMENT IMG EXT EDITED (#PCDATA) >
LEREMENT—FME—RETOUEHED PP A
<!ELEMENT IMG COMPOSITED (#PCDATA) >
<!ELEMENT IMG METADATA (#PCDATA) >
<!-- Previous -->
<!ELEMENT BASIC IMAGE PARAM (BASIC IMAGE INFO)™>
<!ATTLIST BASIC IMAGE PARAM satt-lang-ts;>
<!ELEMENT BASIC IMAGE INFO (FILE JFORMAT?, IMAGE ID?)>
<!ATTLIST BASIC IMAGE INFO sattylang-ts;>
<l-- -
->
<!-- Intellectual Property Rights .
->
<l-- -
->
<!ELEMENT IPR (IPR_ NAMES?, IPR DESCRIPTION?,
IPR DATES?, IPR EXPLOITATION?,
IPR IDENTIFICATION?,
IPR _CONTACT POINT?,
IPR HISTORY?)>
<!ATTLIST IPR %att-lang-ts;>

== IPR Deople -—-

<!ELEMENT IPR NAMES (IPR_PERSON?, IPR ORG?, IPR NAME REF?)+>

<!ATTLIST IPR NAMES satt-lang-ts;>
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<!ELEMENT IPR PERSON

<!ATTLIST IPR PERSON

$jp2-tPerson;>
DESCRIPTION CDATA #IMPLIED

%att-lang-ts-id;>

<!ELEMENT IPR ORG

<!ATTLIST IPR ORG

%$jp2-tOrganization; >
DESCRIPTION CDATA #IMPLIED

$att-lang-ts-id;>

<!ELEMENT IPR NAME REF

<!ATTLIST IPR NAME REF

(#PCDATA) >

DESCRIPTION CDATA #IMPLIED>

<!-- IPR description -->

<!ELEMENT IPR DESCRIPTION

(IPR TITEE?,” IPR LEGEND?,

IPR @APTION?, COPYRIGHT?)>

<!ELEMENT IPR TITLE

<!ATTLIST IPR TITLE

(#PCDATA) >

%att-lang-ts;>

<!ELEMENT IPR LEGEND

<!ATTLIST IPR LEGEND

(#PCDATA) >

%att-lang-ts;>

<!ELEMENT IPR CAPTION

<!ATTLIST IPR CAPTJION

(#PCDATA) >

%att-lang-ts;>

<!ELEMENI“COPYRIGHT

<!ATTLIST COPYRIGHT

(#PCDATA) >

%att-lang-ts;>

’
T L OLILIN T TEIN DA

<!ATTLIST IPR DATES

(IR DRI

%att-lang-ts;>

<!ELEMENT IPR DATE

<!ATTLIST IPR DATE

($jp2-tDateTime; ) >
DESCRIPTION CDATA #IMPLIED

%att-lang-ts;>
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<!-- IPR exploitation -->

<!ELEMENT

<!ATTLIST

IPR EXPLOITATION

IPR EXPLOITATION

(IPR_PROTECTION?,
IPR USE_RESTRICTION?,
IPR_OBLIGATION?,
IPR MGMT SYS?)>

%att-lang-ts;>

<!ELEMENT

IPR PROTECTION

(#PCDATA) >

<!ELEMENT

<!ATTLIST

IPR USE RESTRICTION

IPR USE RESTRICTION

(#PCDATA) >

%att-lang; >

<!ELEMENT

<!ATTLIST

IPR OBLIGATION

IPR OBLIGATION

(#PCDATA)>

%attFlang; >

<!-- IPR management system —-->

<!ELEMENT

<!ATTLIST

IPR MGMT SYS

IPR MGMT SYS

(IPR_MGMT TYPE?,
IPR _MGMT SYS ID?,
IPR MGMT SYS LOCATION?)>

%att-lang-ts;>

<!ELEMENT IPR MGMT,TYPE (#PCDATA) >
<!ELEMENT IPR (MGMT SYS ID (#PCDATA) >
<!ELEMENT IPR _MGMT_ SYS LOCATION (#PCDATA) >

LCOIN LUCIIC L L 1 CAULOIT

<!ELEMENT

<!ATTLIST

IPR_IDENTIFICATION

IPR_IDENTIFICATION

(IPR_IDENTIFIER?,
LICENCE PLATE?)>

%att-lang-ts;>
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<!ELEMENT IPR IDENTIFIER (IPR ID MODE?, IPR ID?)>
<!ELEMENT IPR ID MODE (#PCDATA) >
<!ATTLIST IPR_ID MODE %att-lang; >
<!ELEMENT IPR ID (#PCDATA) >
<!ATTLIST IPR _ID %att-lang; >
<!ELEMENT LICENCE PLATE (LP_COUNTRY?,
LP_REG AUT?,
LP REG NUM?,
LP DELIVERY DATE?)>
<!ELEMENT LP COUNTRY (#PCDATA) >
<!ELEMENT LP REG AUT (#PCDATA) >
<!ELEMENT LP REG NUM (#PCDATA) X
<!ELEMENT LP DELIVERY DATE (#PCDATR) >
<!-- IPR contact point -->
<!ELEMENT IPR_CONTACT POINT (IPR_PERSON | IPR ORG | IPR NAME REF) >
<!ATTLIST IPR CONTACT POINT %att-lang-ts;>
<!-- IPR History -->
<!ELEMENT IPR (HISTORY (IPR+) >
<!ATTLIST APR HISTORY %Yatt-lang-ts;>
e — -
=>

:__ 1IMdge lucllLJ‘_LJ‘_CL

->

<l-- -
->

<!ELEMENT IMAGE ID (UID?, ID TYPE?)>

<!ELEMENT UID (#PCDATA) >

<!ELEMENT ID TYPE (#PCDATA) >
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JPX extended metadata XML Schema

<?xml version="1.0" encoding="utf-8"?>

<!DOCTYPE xsd:schema PUBLIC "-//W3C//DTD XMLSchema 200102//EN"

"http://www.w3.0rg/2001/XMLSchema.dtd" [
<!ENTITY % p 'xsd:'>

<!ENTITY % s ':xsd'>

1>

<l--
Copyright (C) ISO/IEC 2001 - All rights reserved.

Permission to copy in any form is granted for use with wvalidating and
conforming

systems and applications as defined in ISO/IEC 15444-232001, provided thisg

copyright notice is included with all copies.
-—>

<!-- HUMAN SCHEMA DTD LOCATION:http://www.Jjpegiorg/metadata/15444-2.PDF -->

<xsd:schema targetNamespace="http://www.jpeg.org/jpx/1.0/xml"
xmlns:jp="http://www.Jjpegorg/Jjpx/1.0/xml"
xmlns:xsd="http://www.w3dorg/2001/XMLSchema"
xmlns:xml="http://wwws¥3.0rg/XML/1998/namespace"
xmlns="http://www.jpeg.org/Jjpx/1.0/xml"

elementFormDefault="qualified">

Clom o e e e AN — o o o o oo oo oo oo oo oo

- Fundamenteal Metadata Types, Fields and Attributes

- See clause N.7.2.1 Language attribute

-—>

<!-- TImport the xml:lang attribute definition defined by W3C -->

<xsd:import namespace="http://www.w3.0rg/XML/1998/namespace"

schemaLocation="http://www.w3.0rg/2001/xml.xsd"/>
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— See clause N.7.2.2 Timestamp attribute
-—>

<xsd:attribute name="TIMESTAMP" type="xsd:dateTime"/>

- See clause N.7.1.3 String including language attribute type

-—>
<xsd:complexType name="tLangString">
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute ref="xml:lang"/>
</xsd:extension>
</xsd:simpleContent>

</xsd:complexType>

— See clause N.7.1.1 Non-negative double type
-—>
<xsd:simpleType name="tNonNegativeD¢uble">
<xsd:restriction base="xsd:doukle">
<xsd:minInclusive value="Ql7/>
</xsd:restriction>

</xsd:simpleType>

- See clause N.7.1.2 Rational type
-—>
<xsd:gimpleType name="tRational">
<x6d:restriction base="xsd:string">
<xsd:pattern value=" (\-|\+)?2[0-9]1+/[0-9]+"/>
</xsd:restriction>

</xsd:simpleType>
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— See clause N.7.1.4 Degree type
-—>
<xsd:simpleType name="tDegree">
<xsd:restriction base="xsd:double">
<xsd:minExclusive value="-180"/>
<xsd:maxInclusive value="180"/>

<l e ot o
Sere ST eTtToT

</xsd:simpleType>

— See clause N.7.1.5 Half degree type
-—>
<xsd:simpleType name="tHalfDegree">
<xsd:restriction base="xsd:double">
<xsd:minExclusive value="-90"/>
<xsd:maxInclusive value="90"/>
</xsd:restriction>

</xsd:simpleType>

— See clause N.7.1.6 Double«size type and
-—>
<xsd:complexType name="tDoubleSize">
<xsd:sequence>
<xsd:element name="WIDTH" type="]jp:tNonNegativeDouble"/>
<xsd:elemerit,-iame="HEIGHT" type="jp:tNonNegativeDouble"/>
</xsd:sequence>

</xsd:compléxType>

— See clause N.7.1.7 Integer size type

-—>

<xsd:complexType name="tIntSize">
<xsd:sequence>
<xsd:element name="WIDTH" type="xsd:positivelnteger"/>
<xsd:element name="HEIGHT" type="xsd:positivelnteger"/>
</xsd:sequence>

</xsd:complexType>
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