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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 }|>rocedures used to develop this document and those intended for its further maifitenance are
descifibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-ndeded for the
differjent types of document should be noted.
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This locument was prepared by ITU-T (as Rec. ITU-T T.801) and drafted in accordance with its editorial
rules| in collaboration with .Joint Technical Committee ISO/IEC JTC 1, Information| technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.
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third edition caneeéls' and replaces the second edition (ISO/IEC 15444-2:2021), wh
ically revised.
The main changesare as follows:

— Suppertfor progression order extensions.
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complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
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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;
—  specifies a container to store image metadata;

definac 2 ctandard cat of 1mana matadata-
e HRESa-StaRaata-Se—e-Hhage+h T

- provides guidance on extended encoding processes for converting source image data to compresped image
data;

- provides guidance on how to implement these processes in practice.
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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 Recommendation | International Standard:

:2023 (E)

2
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Normative references

ving Recommendations and International Standards contdin)provisions which, through reference in
provisions of this Recommendation | International Standard. For dated references, only the edition citg
bd references, the latest edition of the referenced document (including any amendments) applies. At t
N, the editions indicated were valid. All Recommendations and Standards are subject to revision, and
s based on this Recommendation | International”Standard are encouraged to investigate the pos
he most recent edition of the Recommendations-and Standards listed below. Members of IEC and I1SC
f currently valid International Standards. The Telecommunication Standardization Bureau of the ITU
a list of cyrrently valid ITU-T Recommendations:

Identical Recommendations J*International Standards
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specifies an extended codestream syntax containing information for interpreting the compres
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 sourcesimage data to compres
data;

provides guidance on how to implement these processes in practice:

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

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

Recompiendation ITU-T T.84 (1996) | ISO/IEC 10918-3:1997, Information technology
compression and coding of continuous-tone still images: Extensions., including Rec. IT
(1996/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Information technology

compression and coding of continuous-tone still images: Extensions — Amendment 1: Provision
registration of new compression types and versions in the SPIFF header.

nage data;
ed image

sed image
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he time of
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2.2
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Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG 2000

image coding system: Core coding system.

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 2000

image coding system: High-throughput JPEG 2000.

Recommendation ITU-T T.832 (2019) | ISO/IEC 29199-2:2020, Information technology — JPEG
coding system — Image coding specification.

Paired Recommendations | International Standards
Recommendation ITU-T H.273 (in force), Coding-independent code points for video signal type

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 — Part
2-2: Colour management — Extended RGB colourspace — SCRGB.

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 subdivisions|- Part 1:
Country codes.

ISO 3166-2:2020, Codes for the representation of names of countries and theirisubdivisions|— Part 2:
Country subdivision code.

ISO 10126-2:1991, Banking — Procedures for message enciphermentp(Wholesale) — Par{ 2: DEA
algorithm.

1SO 22028-2:2013, Photography and graphic technology — Extended<colour encodings for digjtal image
storage, manipulation and interchange — Part 2: Reference output medium metric RGB colgur image
encoding (ROMM RGB).

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

ISO/IEC 23001-1:2006, Information technology —dVIPEG systems technologies — Part 1: Bingry MPEG
format for XML.

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

ISO/IEC 60559:2020, Information technology — Microprocessor Systems — Floating-Point ar{thmetic.

ANSI X9.30.2:1997, Public Key Cryptography using Irreversible Algorithms — Part 2: The Secpire Hash
Algorithm (SHA-1).
https://infostore.saiglobal.com/en-us/standards/ANSI-X9-30-2-1997-1934_SAIG_ABA_ABA_p034/#
Federal Information Progcessing Standard Publication (FIPS PUB) 186-4 (2013), Digital Signature

Standard (DSS).
https://nvipubs.nist.gov/nistpubs/FIPS/NIST.FIPS.186-4.pdf

PIMA 7667:2001." Photography - Electronics still picture imaging - Extended sRGB color|encoding
e-sSRGB.

https://wwaiimaging.org/ItemDetail?iProductCode=PIMA7667-

2001 &Category=DOWNLD_PDF&WebsiteKey=6d978a6f-475d-46cc-bcf2-7a9e3d5f8f82

W3E-Recommendation. Extensible Markup Language (XML 1.0), fifth edition (26 November 2008).
https://www.w3.org/TR/xml/

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

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

W3C Recommendation. XML Schema Part 1: Structures, second edition (28 October 2004).
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 compositing layer: 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 impactor|span with

respect tofthe original samples, including the LL, LH, HL, HH, LX, HX, XL and XH sub-band splits out of decomposition
sublevels

3.9 decomposition sub-level: Collection of sub-bands that result from splits of a, sub-band from a lower
decompadition 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 component
collection|to the output components of the collection via a multiple component decerfelation transformation.

3.11 dependency transformation array: Array of coefficients that maps-the input components of a component
collection|to the output components of the collection via a multiple component-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 horizontalyhigh-pass analysis filtering and no vertical analysis
filtering, and which contributes to reconstruction with inverse horizontal high-pass synthesis filtering and rfo vertical
synthesis filtering.

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

3.15 UPX baseline: Subset of the JPX file.format that uses codestream conforming to Rec. ITU-T T.800 |
ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 only.

3.16 UPX baseline reader: Application that correctly interprets all files that conform to the definition| of a JPX
baseline fjle.

3.17 P X file: Name of file in the file format described in this Recommendation | International Standard. Stfucturally,
a JPX filgis a contiguous sequence.of boxes.

3.18 L X sub-band: Sub-band obtained by forward horizontal low-pass analysis filtering and no verticgl analysis
filtering, pnd which contributes to reconstruction with inverse horizontal low-pass synthesis filtering and rfo vertical
synthesis filtering.

3.19 metadata:.-Additional data associated with the image data beyond the image data.
3.20 namespace: Collection of names, identified by a URI, that allows XML documents of different sources to use
the same ¢lement names within a single document to avoid element name conflicts. T

3.21 offset array: Array of coefficients containing offsets which are added to intermediate components during
multiple component transformation of a component collection.

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-band obtained by no forward horizontal analysis filtering and vertical high-pass analysis
filtering, and which contributes to reconstruction with vertical high-pass synthesis filtering and no inverse horizontal
synthesis fittering:

3.30 XL sub-band: Sub-band obtained by no forward horizontal analysis filtering and vertical low-pags analysis
filtering, pnd which contributes to reconstruction with vertical low-pass synthesis filtering and no inverse porizontal
synthesis filtering.

4 Abbreviations

For the pyrposes of this Recommendation | International Standard, the following abbreviations apply. The abbyreviations
defined i Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause 4 also apply to this Recommendation | International Standard.

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 transfermation Collection
MCO Multiple Component transformation Ordering
MCT Multiple Component Transformation definition
NLT Non-Linearity point Transformation

UuibD Universal Unique Identifier
VMS VisuahMasking

5 Conventions

In this Rpcommendation | International Standard, the word "shall" is used to express mandatory requirements for
conformapce te-this Specification. When used to express a mandatory constraint on the values of syntax elemgnts or the
values of pariables derived from these syntax elements, it is the responsibility of the encoder to ensure that the [constraint
is fulfilled—Fheword “may" is used to refer ta hehaviour that is allowed but not necessarily required. The word “should"
is used to refer to behaviour of an implementation that is encouraged to be followed under anticipated ordinary
circumstances, but is not a mandatory requirement for conformance to this Specification.

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 | International Standard.

6.1.1 Qynfm(

An extendion 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 specificgtions that
include this Recommendation | International Standard as a normative reference. In addition to the,codestream syntax
defined i Rec. ITU-T T.800 | ISO/IEC 15444-1, the following capabilities are supported: variahle 'DC offsef, variable
scalar qugntization, trellis coded quantization, visual masking, arbitrary decomposition, arbitrary<transformatign kernels,
single sample overlap, multiple component transformations, non-linear transformation, arbitrary regions of interest. These
extended markers conform to the same rules as the syntax in Rec. ITU-T T.800 | ISO/IEC'15444-1.

6.1.2 \VVariable DC offset

An extendion which provides for variable DC offset is described in Annex B. Variable DC offset may be used tp generate
a better dpta distribution for input to the ICT or RCT multi component transfermation, defined in Rec. ITUT T.800 |
ISO/IEC 15444-1, and/or the wavelet transformation. Images with very skewed sample distributions may bengfit from a
non-defaylt DC offset.

6.1.3 \VVariable scalar quantization

An extengion that provides for variable scalar quantization is\described in Annex C. This extension allows gmaller or
larger deafdzones to be used with the scalar quantizer. This teechnique may improve visual appearance of low level texture.

6.1.4 Trellis coded quantization

An extengion of the quantization is described in Annex D. This extension provides for trellis coded quantization (TCQ).
The TCQ| algorithm applies spatial-varying scalar quantization to its input sequence by choosing one of fpur scalar
quantizerg for each sample. Quantizer indiges from supersets of these quantizers along with quantizer transitipns in the
form of aftrellis provide all information.nécessary to reconstruct TCQ encoded wavelet coefficients.

6.1.5 VVisual masking

An extendion which provides for visual masking is described in Annex E. Visual masking is a mechanism wherp artefacts
are maskgd by the image acting as a background signal. The main goal is to improve the image quality, espgcially for
displays. The first effect 6f.this technique is to improve the image quality, where the improvement becomes grepter as the
image beqomes morecamplex. The second main effect of this technique is that for a given fixed bit-rate, the imgge quality
is more rdbust agaifst variations in image complexity. This is accomplished at the encoder via an extended nof-linearity
interposed between*the transformation stage and the quantization stage.

6.1.6 Achitrary decomposition

An extension providing for arbitrary decomposition of the tile component is described in Annex F. This extension can
control the bandpass extent of wavelet sub-bands and thus provide control over the decorrelation process in order to 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
component transformations to map reconstructed values back to their proper range. These transformations may be
employed by encoders prior to multiple component transformation and encoding to increase compression efficiency. The
first two fransformations, gamma and look-up table (LUT) style non-linearities, can be used to perceptuall* flatten a
scanner of sensor with a linear response, from 12 bits to 8 bits precision prior to compression. The third} which maps
sign-magmitude numbers into a two's complement representation, can be used to represent floating point nrumbers.

6.1.11  |Region of interest

An extendion which provides for Region of interest coding using the scaling based method is deScribed in Anrjex L. The
scaling based method provides for having different scaling values for different regions of interest. The extepsion also
specifies how to generate the masks in the wavelet domain that describe the set of wavelet coefficient belongipg to each
Region of| interest.

6.1.12 [File format

An extengion of the file format is described in Annex M. This extension provides for the exchange of compresped image
files betwpen application environments. This extension is an optional file format, called JPX, that applications may choose
to use to|contain JPEG 2000 compressed image data. JPX is ansextension 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;
P) specifies a mechanism to indicate image properties, such as the tone-scale or colour space of th¢ image;

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

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

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

6.1.13 |Metadata definitions

Metadata [definitions are described in Annex N. Metadata is additional information that is associated with the primary
data (the image). In the centext of this Specification, it is "additional data linked with the image data beyond [the pixels
which deffine the imagei"~Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be cqnsistently
maintained throughout'the image lifecycle. In today's environment of image editing applications, rapid transnjission via
the Interngt, and<high quality photographic printers, the lifecycle of a digital image may be very long as well a§ complex.

6.1.14 |Pragression order extensions

Beyond the five progression orders specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, this Recommendation |
International Standard introduces a position-resolution level-component-layer progression order, that is specified in
Annex |.

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 output
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, Annex A
syntax. These markers prowde all the codestream 5|gnalllng in this Recommendatlon | Internatlonal Standard Further, it

For codes
"r'" sha

reams conforming to this Recommendation | International Standard alone, the Value of each bit den

| be 0.

dard as a

r (signed)

value can

oted with

ified when

Al Extended capabilities
The syntak in this annex supports the extensions in this Recommendation| International Standard. These marker segments
conform o the same rules as the syntax in Rec. ITU-T T.800 | ISQ/IEC 15444-1, Annex A. The addition of parameter
values to $ome 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 pytes after the marker shall be an unsigned valdé that denotes the length in bytes of the marke[ segment
parameters (including the two bytes of this length parameter but not the two bytes of the marker itself). Wher| a marker
segment that is not specified in this Recommendation+} International Standard or in Rec. ITU-T T.800 | ISO/IHC 15444-
1 is encogntered in a codestream, the decoder shall-Use the length parameter to discard the marker segment. [Fable A.1
shows the marker segments affected by this ReCommendation | International Standard.
Fable A.1 - Syntax support for extensions
Extended Rec. ITU-T T.800 |
Extension ISO/IEC 15444-1 marker New marker segments
segments

All extenkions Slz -

Variable PC offset - DCO

Variable pcalar quantization QCD, QCC, sOoT QPD, QPC

Trellis coded’ quantization QCD, QCC, SOT QPD, QPC

Visual masking — VMS

Single sample offset transform Slz, COoD, COC -

Avrbitrary decomposition styles COD, CcoC 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.
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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

1x00 XXXX XXXX XXXX At least one of the extended capabilities specified in this Recommendation | International Standard
is present

1x00 xkx0 xxxx XXX1 Variable DT offset capability 1S required to decode this codestreame 2/

1x00 xkxx xXXxx Xx1x Variable scalar quantization capability is required to decode this codestream?

1x00 xkxx XXxx X1xXX Trellis coded quantization capability is useful to decode this codestream®)

1x00 xkxX xxxX 1Xxx Visual masking capability is useful to decode this codestream®)

1x00 xkxx xxxl XxxX Single sample overlap capability is required to decode this codestream®

1x00 xkxx xxX1x XxXX Avrbitrary decomposition style capability is required to decode this€odestream?

1x00 xkxxX x1XX XXXX Avrbitrary transformation kernel capability is required to decode this codestream?

1x00 xkxx 1XxX XXXX Whole sample symmetric transformation kernel capabilitydsréquired to decode this codestream?

1x00 xkxl XXXX XXXX Multiple component transformation capability is required'to decode this codestream?

1x00 xklx XXXX XXXX Non-linear point transformation capability is useful to>decode this codestream®

1x00 x]xxX XXXX XXXX Arbitrary shaped region of interest capability is réquired to decode this codestream?

1x00 1kXX XXXX XXXX Precinct-dependent quantization is requiredo decode this codestream?
All other values reserved

8 "Reglired to decode" implies that no useful data or image can be‘teconstructed without the use of this capability.
b)  Shalllnot be used with the multiple component transformation.

©  "Useful to decode" implies that use of this capability wouldimprove the quality of the reconstructed data or image; [nowever,
the dpta or image may be decoded without its use.

4 The 2 MSBs of Rsiz are used as follows:
1p — Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities
1f — Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities extended via a CAP marker segment.

A.2.2  [Start of tile-part (SOT) extended

If Rsiz inficates that the precinctdependent quantization capability is used, then the SOT marker segment from Rec.
ITU-T 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
| ISO/IEC|15444-1, Table A5;-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
Isot 16 0 to 65534
Psot 32 0, or 14-(232-1)
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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A.2.3  Caoding 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).
SGcod
| COoD | . cod | [ ] [ |
Scod SPcod SXcod

Figure A.1lbis — Coding style default syntax

If the RsiZ field of the S1Z marker segment indicates that the multiple component transformations are used, then [Table A.8
replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.17.

If the Rsit field of the SIZ marker segment indicates that the arbitrary transformatior kernels are used, then Tjable A.10
replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.20.

If the RsiZ field of the SIZ marker segment indicates that the single sample qverlap transformation capability is pecessary,
then an extra 8 bit field is added to Rec. ITU-T T.800 | ISO/IEC 15444-1,Table A.13 after the transformatign field as
shown in [Table A.7. The SSO values are found in Table A.11.

If the Rsiz{field of the SIZ marker segment indicates that the arbitrary lecomposition styles are used then the maximym number
of decomposition levels field definitions are found in Table AQ\rather than in Rec. ITU-T T.800 | ISO/IE]Q 15444-1,
Table A.13. This is shown in Table A.7.

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

\'\//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 xx1kx SOP marker segments may be used
rrxx x0wsx No EPH marker used
roRxNxlxx EPH marker shall be used
rrxx 0xxx Offset in the horizontal dimension, z, = 0 (CBAP)
Trxx l1xxx Offset in the horizontal dimension, z, = 1
rrx0 xxxx Offset in the vertical dimension, z, = 0 (CBAP)
TTXT OTfserin the vertical dimension, z, = 1
rr0x xxXxx Block coder extensions not used
rrlx xxXxx Block coder extensions defined by SXcod
All other values reserved
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Table A.6 — Coding style parameter values of the SGcod parameter

:2023 (E)

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

Table A.7 — Coding style parameter values of the SPcod and SPcoc parameters, extended

- Size Vatuesthits) -
Parameters (in order) (bits) MSB LSB Meaning of SPcod values
Maximum number of 8 Table A.9 Decomposition mapping and levels
decompogtition levels
Code-blopk width 8 Rec. ITU-T T.800 | ISO/IEC | Code-block width exponent offsetwalUe, xch
15444-1, Table A.18
Code-blogk height 8 Rec. ITU-T T.800 | ISO/IEC | Code-block height exponentoffset value, ycb
15444-1, Table A.18
Code-blofk style 8 Rec. ITU-T T.800 | ISO/IEC | Style of the code-block-eoding passes
15444-1, Table A.19
Transform 8 Table A.10 Wavelet transfarmation used
SSO ovetflap 16 Table A.11 SSO overlapwvalues
Precinct gize variable | Rec. ITU-T T.800 | ISO/IEC | If Scod br'Scoc = xxxx xxx0, this parameter is ngt present,
15444-1, Table A.21 otheryise this indicates precinct width and hejight. The
firstparameter (8 bits) corresponds to the N, LL,|N, LX, or
N_XL sub-band. Each successive parameter cofresponds
to each successive resolution in order.

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

Valugs (bits) Multiple component transformation type
MSB LSB
0000 0pOO Layer-resolution level-¢omponent-position progression
0000 0pO1 Resolution level-layet<component-position progression
0000 0p10 Resolution level-position-component-layer progression
0000 0Op11 Position-cemponent-resolution level-layer progression
0000 00O Component-position-resolution level-layer progression
0000 0}01 Positien-resolution level-component-layer progression
Al other values reserved.

Table A.8 — Multiple component transformation for the SGcod parameters

Values (bits)

Multiple component transformation type

MSB LSB

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.
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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

M\é%l Hes (b'It_S%B Transformation type
0000 0pOO Rec. ITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible wavelet transform.
0000 0pO1 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible wavelet transform,
0000 [0010 Avrbitrary transformation kernel definition index value (2 to 255). Definitions are found in the appropriate
£ ATK marker segment (see clause A.3.5).
1111 1111

Table A.11 — SSO parameters, extended

Values (bits)

SSO’size (see Annex 1)

MsB LSB
Oxxx [kxxx xxxx xxxx | SSO not used
1xxx XEKXX XXXX XXXX SSO used
x0xx [xxx xxxx xxxx | TSSO not used for every:tile in the image (shall be the same in every COD marker|segment)
X1XX XKXX XXXX XXXX TSSO used for everydile in the image (shall be the same in every COD marker segnpient)
xx0x [xxx xxxx xxxx | Vovlp = 0.¥Ghall be the same in every COD marker |segment)
xX1xX XKXX XXXX XXXX Vovlp = 1 (shall*be the same in every COD marker segment)
xxx0 [gxxx xxxx xxxx | Hovlp =0 (shall be the same in every COD marker |segment)
xxX1 XKXX XXXX XXXX Hovlp =1 (shall be the same in every COD marker segment)
xxxX [0xxx xxxx xxxx | TBDWT is not used (shall be the same in every COD marker [segment)
x1xx 1KXX XXXX XXXX TBDWT is used (shall be the same in every COD marker segment)
xxxx xkxx xxxx 0000 €ell width exponent value, XC = 2value
to
XXXX XKEXx xxxx 1111
xxxxX xkxx 0000 xxXX Cell height exponent value, YC = 2value
to
XxxXX xExx 1311 7"xxxx
All other values reserved
Table A.11bis — SXcod parameter
Values (bits) ;
MSB LSB Coding style
rerr rrer rrer rr00 No modifications to selective arithmetic coder bypass mode.
rrer reer rreer rrOl 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.
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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) Values
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 (CSpoci + 1) to 255, O 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 Rsiz inflicates that the variable scalar quantization (see Annex C) capability is used, then the deadzone adjlistment is
signalled jin modified QCD and QCC marker segments from Rec. 1TU-T T.800 | ISO/IEC 15444-1, Annex A. If Rsiz
indicates that trellis coded quantization is used, then these valties are also signalled via the extended QCD Jand QCC

marker sggments from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A. This shall only be used with ifreversible
transformptions.

Table A.12 replaces Rec. ITU-T T.800 | ISO/IEC @5444-1, Table A.28, and Table A.13 replaces Rec. ITU{T T.800 |
ISO/IEC 15444-1, Table A.30.
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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

xxx0 0011 Variable deadzone and scalar derived (values signalled for 32 Table A.13
I\ILI L_sub-hand nnly) Use Rec 1TU-T T800 ! ISQUEC
15444-1, Equation E-5.

xxx0 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.

xxx0 0101 Variable deadzone and scalar expounded (values signalled for 32 TableA.13
each sub-band). There are as many step sizes signalled as
there are sub-bands.

xxx0 1p01 Trellis coded quantization derived (values signalled for N, LL 16 Rec. ITU-T T.800 || ISO/IEC
sub-band only). Use Rec. ITU-T T.800 | ISO/IEC 15444-1, 15444-1, Annex A
Equation E-5.

xxx0 1p10 Trellis coded quantization expounded (values signalled for 16 Rec. ITU-T T.800 |[ISO/IEC
each sub-band). There are as many step sizes signalled &s 15444-1, Annex A
there are sub-bands.

000x xkxx Number of guard bits 0-7.

to

111x xXKRxx

All other values reserved.

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

Values (bits) . N .
MSB LsB Deadzone adjustment and quantization step sizq values

0000 0OPOO 0000 0000 xxXX XRXKRVKKXK XXXX Variable deadzone, num_nz,, value -32768 tp 32767
to (see Equation C-1)

1111 1111 1111 1111 xxXERLIXXXX XXXX XXXX

KXKXX XKXX XXXX XXXX(Xzxx x000 0000 0000 Mantissa, p,, of the quantization step size value ( to 2047
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

XXXX XKEXX XXXX KXXx xXxxx x111 1111 1111

KKXX XEKXX XXXX _XxxX 0000 0xxx XXXX XXXX Exponent, e, of the quantization step size value| 0 to 31
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

XXXX XRRK/ XxxX xXXx 1111 1xXXX XXXX XXXX

Table A.14 — SPgcd, SPqcc, SPgpd, and SPqgpc parameters (irreversible transformation only), extended

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 After first two bytes of SPqcx are the mantissa, iy, of the quantization step size value 0 to 2047
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
xxxx x111 1111 1111
0000 Oxxx XXXX XXXX After first two bytes of SPqcx are the exponent, g, of the quantization step size value 0 to 31
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
1111 1xXX XXXX XXXX
A.2.5 Region of interest marker (RGN), extended
If Rsiz indlicates that an arbitrary region of interest is used (see Annex L), then the description of a coefficients$hift and a
mask are $ignalled in a modified RGN marker segment from Rec. ITU-T T.800 | ISO/IEC 15444-1, Anpex)A. Tlable A.16
replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.25. If there is RGN marker segment in thesmain heafler with a
Srgn = 0,|there shall not be any RGN marker segment anywhere in the codestream with a non-zero’Srgn value for the
component given by the corresponding Crgn value. Likewise, if there is RGN marker segment inthe main header with a
non-zero Prgn value, there shall not be any RGN marker segment anywhere in the codestream with a Srgn 3 0 for the
component given by the corresponding Crgn value.
When used in both the main header and the first tile-part header, the RGN in the first.tile part header override$ the main
for that tile. Also, an RGN specifying a single component (Crgn = 65 535) overrides on specifying all cdmponents
(Crgn = 6p 535). Thus, the order of precedence is the following:
Tile-part RGN (Crgn # 65 535) > Tile-part RGN (Crgn = 65 535) > Main RGN (Crgn = g5 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 (Srgn) SPrgn usage
0 Implicit ROI (maximum shift) Rec. ITU-T T.800 | ISO/IEC
15444-1, Table A.26
Avrbitrary region-of interest, rectangle Table A.18
2 Avrbitraryregion of interest, ellipse Table A.18
All othervalues reserved
Table AL17"— Component index parameter value for the Crgn parameter
Parameter Size (bits) Values Components index parameter
Compongnt 16 0 to 16383 Specifies component to which these region of interest descriptipns 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 Rec. ITU-T T.801 (V3) (08/2023)
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A3 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?;)t

Variable DC offset DCO OxFF70 optional optional
Visual masking VMS OXFF71 optional optional
Downsampling factor style DFS OxFF72 optional optional
Avrbitraryrdecompositiomstyte ADS OxFFT3 optionat up“ional
Avrbitrary|transformation kernels ATK OxFF79 optional opiional
Compongnt bit depth CBD OxFF78 optional opiional
Multiple pomponent transformation definition MCT OxFF74 optional opiional
Multiple pomponent transformation collection MCC OxFF75 optional opiional
Multiple Fomponent transformation ordering MCO OxFF77 optional opiional
Non-linegrity point transformation NLT OxFF76 optional opiional
Quantization default, precinct QPD OXFF5A optional opiional
Quantizalion component, precinct QPC OxFF5B optional opiional
Precinct length, tile-part header RLT OxFF95 no oplional
) “optipnal" means it may be used in the header if this extension is used. "no" mieans it shall never be present in the hegder.

A3.1 |Variable DC offset (DCO)
Function| Describes the variable DC offset for every component,

Usage: Present only if the variable DC offset capability bit in‘the Rsiz parameter (see clause A.2.1) is a one vdlue. Main
and first t|le-part header of a given tile. Optional in both thedmain and tile-part headers. No more than one shall appear in
any headdr. If present in the main header, it describes the'variable DC offset for every component in every tile.[If present
in the firsf tile-part header of a given tile, it describes:the variable DC offset for every component in that tile ofly. When
used in bqth the main header and the first tile-part\ieader, the DCO in the first tile part header overrides the mdin for that
tile. Thus] the order of precedence is the following:

Tile-part DCO > Main DCO
where the|"greater than" sign, >, means that the greater overrides the lesser marker segment.
Shall not pe used with the multiple.component transformation.

Length: Yariable depending-on.the 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
_ ) 3+2-Csiz Sdco =1 )
Ldco =145 1 4. Csiz Sdco = 2 (A-1)
3+8: Csiz Sdco =3

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

IEEE numbers as used in the Rec. ITU-T T.801 | ISO/IEC-15444-2 codestream have to be written in big-end

using the

for single

for doublg

NOTE
endian

A.3.2
Function

Usage: Pri
used in th
shall appe|
first tile pg

image.
Table A.20 — Variable DC offset parameter values
Parameter Size (bits) Values
DCO 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¢(ISO/IEC/IEEE 60559)
0000 0011 Offsets are 64-bit binary floating point{ISO/IEC/IEEE 60559)
All other values reserved

following bit-assignments for encoding the floating point numbers:

SEEE EEEE EMMM MMMM MMMM MMMM MMMM MMMM

precision IEEE numbers, where S = siga bit, E = exponent bits, M = mantissa bits

SEEE EEEE EEEE MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM

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

2 — This encoding requires typieally an endian-swap on little-endian machines, and is typically the native encod
machines.

VVisual masking (WVMS)
Describes the.visual masking for all tile-components in the image or tile.

bsent onlyrifithe visual masking capability bit in the Rsiz parameter (see clause A.2.1) has the value one.
b main-and/or the first tile-part header of a given tile. No more than one VMS marker segment for a g
ar in ‘any header. When used in both the main header and the first tile-part header, the VMS marker segr
rt.header overrides the one in the main header for that tile. A VMS marker segment specifying a single g

ian order,

MMMM

ng for big-

Dptionally
omponent
hent in the
omponent

(Cvms = 65535) OVEITIdES on SpeciTying all components (CVMS = 65 b35). Thus, the order of precedence 1S the T

where the

ollowing:

Tile-part VMS (Cvms = 65 535) > Tile-part VMS (Cvms = 65 535) > Main VMS (Cvms = 65 535) >

Main VMS (Cvms = 65 535)

"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

Svms
Wvms
Rvms
Avms
Bvms

T.801(21)_FA.2

Figure A.2 — Visual masking syntax
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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 A.23
svms 8 TableA.24
Wvms 8 0to8
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 comporient to which these region of interest descriptions apply
16394 to 65354 Reserved
65535 Region of interest descriptions apply to all components
Table A.24-Visual masking for the Syms parameters
I\\;glges (?_i;sé Visual masking parameters
%000 0000 Minimum resolution level value, minlevel (0 to 32) (see E.6)
to
%001 8000
0xtxx xxxx | Variable respect_block_boundaries = 0 (see E.6)
Ixkx xXXXX Variable respect_block_boundaries = 1 (see E.6)
All other values reserved
A.33 nwncqmpling factor cfylnc (I‘)IIQ)

Function: Describes the arbitrary decomposition pattern for the lowest resolution sub-band for all tiles of a given component.

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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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:
Ldfs =4+ [@] (A-2)

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-levels. The two bit elements are packed into bytes

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

A34

Function

Table A.25 — Downsampling factor styles parameter values

Parameter Size (bits) Values
DFS 16 OxFF72
Ldfs 16 5 to 65535
Sdfs 16 Orto 15
Idfs 8 0'to 255
Ddfs variable Sthing of elements

Usage: P

Arbitrary decomposition styles (ADS)

Describes the arbitrary decomposition pattern for a tile-camponent or all tile-components within a §

ngle tile.

esent only if the custom decomposition style capability bit in the Rsiz parameter (see clause A.2.1) is a one

value. Shall not be used to describe the decomposition described’in Rec. ITU-T T.800 | ISO/IEC 15444-1, Anngx F. Main

and first tile-part header of a given tile. There may be up to,127 such marker segments with unique index va

index val
same indq
segments

Length:

© ISO/IEC 2023 - All rights reserved

ues. If an

e is found in a tile-part header, then it is used<instead of an ADS marker segment in the main headdr with the

X value.
found only in a specific tile-part header.

ariable. The syntax is depicted in Kigure A.4.

These are assigned to a particular:tile-component via the parameter in the COD or CQC marker

N T I O

2 _

ADS Lads |2 | EVE| E V&
a2 [a]2 A

. T.801(21)_FA.4

Figure A.4 — Arbitrary decomposition styles syntax

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

L'ads:  Length of marker segment in bytes (not including the marker). The value of this pafameter is
determined by the Tollowing equation:

Lads =5 + [W] (A-3)

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

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

Rec. ITU-T T.801 (V3) (08/2023) 19
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Table A.26 — Arbitrary decomposition styles parameter values

Parameter Size (bits) Values
ADS 16 OxFF73
Lads 16 3 to 65535
Sads 8 1to 127
10ads 8 0 to 255
DOads variable String of elements
I1Sads 8 0 to 255
DSads variable String of elements
A.3.5 |Arbitrary transformation kernels (ATK)
Function| 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 (seg clatse A.2.1) is a one
value. Mgin and first tile-part header of a given tile. May be up to 254 marker segments in any header. A markgr segment
in the tilefpart header with the same index as one in the main header overrides the main headér marker segment. Table
A.27 desqribes the arbitrary transformation parameter values.
Length: Yariable. The syntax is depicted in Figure A.5.
ATK Latk Satk S 3 ‘8 EIE § E ;E,’\ SLS E 96 5 E
[801(21)_FA.5
Figure A.5 — Arbitrary transfarmation default syntax

ATK:  Marker code. Figure A.5 shows the,size and values of the symbol and parameters fon arbitrary
transformation marker segment.

Latk:  Length of marker segment inytes (not including the marker). The value of this pafameter is
determined by the following equation:

Natk -1
5+ 2Natk + sizeof (Coeff . Typ)| 1+ Z LCatk® WT_Typ = IRR, Filt_Cat= ARB
s=0
Natk -1
5+ Natk + sizeof (Coeff _Typ)| 1+ Z LCatk® WT_Typ=IRR, Filt_Cat=WS
Latk|= s=0 (A-4)
Natk -1
5 + 3Natks-sizeof (Coeff _Typ)| Natk + Z LCatk® WT_Typ =REV, Filt_Cat= ARB
s=0
Natk -1
5% 2Natk + sizeof (Coeff_Typ)| Natk+ > LCatk® WT_Typ =REV, Filt_Cat=WS
s=0
where sizeof(Coeff_Typ) is the size (in bytes) of the Satk parameter that takes values of the type
Coeff_Typ.

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

Parameter Size (bits) Values

ATK 16 OxEE79
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, Typ
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 to 255;'WT_Typ = REV
0 W\ Typ = IRR
8 Coeff_Typ
16 Coeff_Typ
32
64
128
8
8
16
32
64
128

11 ms 0
M

WN PR oL

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

o n
WN RO

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 21


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

ISO/IEC

15444-2:2023 (E)

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
XXX 000 Parameters 8-bit signed integer Coeff Tyn=0
rxxx KO0l  xxxx  xxxx | Parameters 16-bit signed integer, Coeff Typ=1
rxxx k010 xxxx xxxx | Parameters 32-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ =.2
rxxx [k011 xxxx  xxxx | Parameters 64-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ='3
rxxx xl00 Xxxx XXXX Parameters 128-bit binary floating point (ISO/IEC/IEEE 60559), Coeff [yp'= 4
rxxx [0xxx xxxx  xxxXx | Arbitrary filters, Filt_Cat = ARB
rlxx 1RXX XXXX XXXX WS filters, Filt_Cat = WS
rxx0 RgRxxx xxxx  xxxx | lrreversible filter, WT_Typ = IRR
rxxl XKXX XXXX XXXX Reversible filter, WT_Typ = REV
rx0x Rgxxx xxxx xxxx | Modify even-indexed subsequence in first reconstruction step, mjnit = 0
rxlx XXX XXXX XXXX Modify odd-indexed subsequence in first reconstruction step, mjyit = 1
rOxx [0xxx xxxx xxxx | Boundary extension method used in lifting steps-s constant, Exten = CON
rl1xx XKXX XXXX XXXX Boundary extension method used in lifting steps is whole-sample symmetric, Exten|= WS
All other values reserved
A3.6  |Component bit depth definition (CBD)
Function| Defines the bit depth of reconstructed image ‘components coming out of any multiple cpmponent
transformption process.
Usage: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1) is a

one value
used. At 1

The prese
image co

Length:
in Figure

Main header. The CBD marker segment is required if the multiple component transformation pro
host there can be one CBD in the mainheader.

hce of a CBD marker segment in‘a codestream alters the procedures used to determine the precision
nponents and the interpretation.of the SIZ marker. See Annex J for further details.

ariable depending on the number of reconstructed image component bit depths signalled. The syntax i
A6,

BDebd

CBD Lebd

Ncbd

“BDcbd"

T.801(21)_FA.6

Cesses are

of output

5 depicted

IS Companan + hit donth doafioation oy nta
A% T TTTCL

22

T Q
T CUTTPonCC o Ot T Ot T Taoroy T

Pp
»

CBD: Marker code. Table A.29 shows the size and parameter values for component bit depth
syntax.

definition

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

determined by the following equation:
5 Ncbd = 1XXXXXXXXXXXXXXX
4 4+ Ncbd Ncbd = 1XXXXXXXXXXXXXXX

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

Lmct = {

(A-5)

ue for the

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

Values (bits) Number-of-reconstructed-mage-compenent-bit-depthsin-marker—
MSB LSB S R
x000 0p0O0O 0000 0001 Number of reconstructed image components (1 to 16384)
to
x100 0p0OO 0000 0000
Oxxx kxxx xxxx xxxx | Bit depths included, one per reconstructed image cpmponent
1xxX XKXX 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-BDcbdi parameter
\Values (bits) . .
MISB LSB Reconstructed imagé«component bit depths
000 0000 Component sample bit depth = value +,4~From 1 bit deep through 38 bits deep respedtively.
to
<010 0101
0xXX XXXX Component sample values are unsigned values
1 xxX XXXxX Component sample values.are-signed values
All other values reserved

A3.7

Function
defined in
a collectig

one value
header M
identical.

Usage: Pr[sent only if the multiple component transformation capability bit in the Rsiz parameter (see clause

A series d
appear in

To apply

Multiple component transformatianydefinition (MCT)

Defines one multiple componenttransformation array per marker segment. The type and index of
this marker distinguishes itfrom other MCT marker segments in a given header. This array can be a
n of components within the'MCC marker segment.

Main and first tile-part header of a given tile. An MCT marker segment in a tile-part header overrig
CT segment forthat tile if and only if the ten low-order bits of the Imct fields of both marker seg

f MCT marker segments (defined as having the same Imct value in the same header and a Ymct > (
the same header in order of (consecutive) Zmct parameter values.

thetransformation array included in an MCT marker segment, an MCC marker segment shall

the array
5signed to

N2.1)isa
es a main
ments are

) shall all

exist that

associates The MICT marker segment With a component collection. This association 1s made through the array
index of the MCT marker segment and the Tmcc' fields of MCC marker segments. If no such MCC marker segment
exists, then the transformation array included in the MCT marker segment shall not be used in the decoding 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
segment, or series, if and only if the ten low-order bits (index, and transformation type) of the Imct
values of both markers are identical.

Y mct:

SPmct:

Index of the last number of MCT marker segment in the series. For every series of MJT marker
segments (i.e., MCT marker segments in this header with the same Imct parameter valug); there shall
be MCT marker segment with Zmct parameter values of 0 to Ymct. The last MCTymarkef segment
will have Zmct = Ymct. This value is present only in the first marker segment in the series (£mct = 0).

Parameters for the multiple component transformation definition. One parametervalue for eagh element
in the array. See J.2 to determine the number of array elements and their order in the markef segment.
The number of elements in a row and the number of rows (elements in a-column) are determined by 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

M E\;/alueS (b'tS)LSB Index of the array definition, type and parameter type
rrrr xkxx 0000 0001 Index of the array definition, 1 to 255
to
rrrr xkxx 1111 X131
rrrr xK00 xxxK XXXX Dependency transformation array type
rrrr xk01l &KxXXX XXXX Decorrelation transformation array type
rrrr xRLO/ xxxx xxxx Offset array type
rrrr 00XX XXXX XXXX AATTay EIeMents are 16 bit Signed IMegers
rrrr 01xx XxXXX 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.

MCC

Lmcc

= E

i
1
. im
i

1
1 Mmce

X mcc
Cmcc.
'mcc

Ymee' | Qmee’ Nmce

Imcc

Zmcc

Tmec Omcc N

Wmce
Wmee.

MCC:

Lmcc:
Zmcc:

Imcc:

'Y mcc:

Qmcc:

Xmcci:

Nmcc':

Cmccil;

n
nj

. nm
nj
nm

n
Nmcc Mmce

“Xmcee. -

n ™ . “n
Tmce . Omce

~Cmce
Cmce
Wmcc .
Wmcce

N [801(21)_FA.8

Figure A.8 — Multiple component collection syntax

Marker code. Table A.34 shows the size and parameter valugsfor multiple component [collection
marker segment.

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

Index of this marker segment in a series of MCC marker segments. All the marker segments in the
series have the same Imcc parameter value presentiin this header. The data in each subseqyient 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 MCC ‘marker segment, or series, with a given Imcc vglue in the
tile-part header overrides a main headefdViICC marker segment, or series, with the same Imcc value.

Index of the last number of MCC\ymarker segment in the series. For every series of MJC marker
segments (i.e., MCC marker segments in this header with the same Imcc parameter value), there shall
be MCC marker segment with\Zmcc parameter values of 0 to Ymcc. The last MCC markgr segment
will have Zmcc = Ymee{_This value is present only in the first marker segment in fhe series
(Zmcc = 0).
The number of coltegtions in the MCC marker segment. This value is present only in the fifst marker
segment in the series (Zmcc = 0).

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

Indicates the number of input components for the ith component collection and defines the pumber of
bits-(8 or 16) used to represent the component indices in ith collection.

Iaput intermediate component indices included the ith component collection. The number jof indices
in the ith component collection is Nmcc'. Each index denotes an input intermediate compgnent. The
order of the indices defines the ordering applied to the input intermediate components prior to

Mmcc;

Wmccll:

Tmcc:

| H v £ il o + £
Clp'Jllell.lUll UT UIC TTIVETOU UHAlToTuUTTIT.

Indicates the number of output intermediate components for the ith component collection and defines
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. (hife) \alues
MCC 16 OXFF75
Lmcc 16 510 65535
Zmcc 16 0 to 65535
Imcc 8 0to 255
Ymcc 0 If Zmcc >0

16 0 to 65535
Qmcc 0 If Zmec >0

16 04016383
Xmect 8 Table A.35
Nmec! 16 Table A.36
Cmecll 8 0to 255

16 0to 16383
Mmcc 16 Table A.37
Wmecll 8 0 to 255

16 0to 16383
Tmec! 24 Table A.38 or Table A.39
omec 32 0 to 4294967295

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

Valugs (bits) : i
msBl LsB Coding style Tmcc' pargmeter
rrrr rr00 | Component collection transform is array-based dependency transform Table A|38
rrrr rr01 | Component.collection transform is array-based decorrelation transform Table A[38
rrrr rr11l | Comporient collection transform is wavelet-based transform Table A[39
Al other values reserved

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

Values’(bits) .
Msk LSB Coding style
0XXX XXXX XXXX XXXX Input component collection indices (Cmcc') are 8 bit integers
to Input component collection indices (Cmcc') are 16 bit integers
IXXX XXXX XXXX XXXX
x000 0000 0000 0001 Number of input components in ith component collection (1 to 16384)
to
x100 0000 0000 0000
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Table A.37 — Multiple component collection values for the Mmcci parameter

MSB

Values (bits)
LSB

Coding style

Oxxx

1xxx

KXXXX XXXX XXXX
to
XXXX XXXX XXXX

Output component collection indices (Wmcc') are 8 bit integers
Output component collection indices (Wmcc') are 16 bit integers

x000

x100

0000 0000 0001
to
0000 0000 00O0O0

Number of output components in ith component collection (1 to 16384)

I'able A.36 — Multiple component collection values Tor the | mcc! parameter (array-based)

Values (bits)

VISB LSB Coding style
rrrr rfprx xxxx xxxx 0000 0000 No assigned transform array (NULL array)
rrrr rfrx xxxx xxxx 0000 0001 Decorrelation or dependency transform array index
to
rrrr rfrx xxxx xxxx 1111 1111
rrrr rfrx 0000 0000 xXXx XXXX No assigned offset array (NULL array)
rrrr rirx 0000 0001 xXxX XXXX Offset array index
to
rrrr rirx 1111 1111 xXXXX XXXX
rrrr #rr0 xxxx xxxx xxxx xxxx | Decorrelationor dependency transform is irreversible
rrrr rrrl XxxXX XXXX XXXX XXXX Decorrelation or dependency transform is reversible
All other values reserved
Table A.39 — Multiple component collection values for the Tmcci parameter (wavelet-based)
Values (bits) .
VSB LSB Coding style
XXXx XKxx xxxx xxxx 0000 0000 RecITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible filter

XXXX
XXXX

XXXX

xKxx xxxx xxxx 0000 0001
xkxx xxxx xxxx 0000 0010

to
XKkXX XXxx xxxx 1111 1111

Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible filter
Index of the ATK marker segment containing the wavelet kernel for
component collection

XXXX
XXXX

Axxx 0000 0000 xxXxXX. XXXX
xkxx 1111 1111 xXRRIXRXXX

Index of MCT marker segment containing additive offsets for component

collection

xx00
xx10

000 XXXX XXXX =KXXX XXXX
0PO00 XXXX XXXX RXKXX XXXX

Number of dyadic wavelet decomposition levels used in the componept
collection (0 to 32)

All other values reserved

A3.9

Function

component transformation Inmr‘mcing

Multiple:component transformation ordering (MCO)

Describes the order in which multiple component transformations are applied during inversg

multiple

Usage: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1) 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:

MCO Lmco

Nmco
~Imco ~
Imco

T.801(21)_FA.9

Figure A.9 — Multiple component transformation ordering syntax

Marker code. Table A.40 shows the size and parameter values for the multiple component
transformation ordering marker segment.

Length of marker segment in bytes (not including the marker). The length is given by the following
expression:

Lmco =3 4+ Nmco (A-6)

A3.10

Function

Nmco:

Imco:

Number of multiple component transformation stages specified for inverse transform-progessing. If
Nmco = 0, then no multiple component transformation processing is used for the current tjle and no
Imco’ parameters shall appear. Otherwise, Nmco specifies the number of MCC imarkef segment
identifiers that will follow.

Index of the MCC marker segment containing the component collection information for theli™" inverse
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

Non-linearity point transformation (NLT)

Describes either a gamma or LUT non-linearity to be applied to a single component or all componepts.

Usage: Prlesent only if the non-linearity point transfermation capability bit in the Rsiz parameter (see clause A.2.1) is a

one value
plus one ¢

When useg
as adefau
in the tile
the follow

where the
Length:

Main and first tile-part header of a given tile. There may be no more than one marker segment per cpomponent
efault in any header.

t for a single component. When used in a tile-part header, it can be used to establish a default for all cg
or to set the non-linearity transformation for a single component in that tile. Thus, the order of pre

ing:
Tile-part NLT > Tilé-part NLT default > Main NLT > Main NLT default
"greater thani"sign, >, means that the greater overrides the lesser marker segment.

ariable depending on the value of Tnlt. The syntax is depicted in Figure A.10.

d in the main header, the defineéd-non-linearity can be established as a default for all components or established

mponents
edence is

28

NLT Tl Tl =T STl

BDnlt

T.801(21)_FA.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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0 Tnlt = 0or Tnlt = 3
Lnlt =6+ 15 Tnlt =1 , (A-7)
11 + (Npoines- Prvar) Tnlt = 2
1 PTval € [1,8]
Yivar =32  PTval € [9,16]
4 PTval € [17,32]
NOTE — Specifying a non linearity transform with Tnlt = 0 allows a transformation to be explicitly disabled.

Cnlt:  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.

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

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

STnlt:  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
STnlt variable Table A.44
Table A.42 — Non-linearity tramsformation parameter values for the Cnlt parameter
Vdlues Components index parameter
0-1p 383 Defines component'to which these non-linearity transformation descriptions in this marker segmept apply
65[535 Non-linearity:transformation descriptions in this marker segment apply to all components
All other values reserved
Table A.43~Decoded image component bit depth parameter values for the BDnlt parameter
Valugs (bits) . .
msel rsa Decoded image component bit depth
%000 0000 {‘nmpnnﬂnf c:mpln hit dnpfh —value + 1 From-1bhit rlnnp fhrmlgh 38 hits dnap rncpnr‘fi\mly
to
x010 0101
0XXX XXXX Component sample values are unsigned values
1xXXX XXXX Component sample values are signed values
All other values reserved
Rec. ITU-T T.801 (V3) (08/2023) 29
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Table A.44 — Non-linearity transformation parameter values of the Tnlt parameter

Values (bits) .
MSB LSB 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 -
Tabhle A 45 - Non-linearity transformation parameter values of the STnlt parameter (Tnlt = 1)
Paramefer Size Values Meaning of STnlt values
(inorddr) | (bits) g
E 24 0, ..., 65535 Non-linearity exponent (8-bit integer + 16-hit fraction
(0, ..., 255} 4 Qo2 65535} Y exponent (8-t integ
65535
S 24 0, ..., 65535 Non-linearity toe slope (8-bit integer+ 16-bit fraction
(0, ..., 255} 4 Qe 65535} Y toe slope (8-bit nigg
65535
T 24 {0, ..., 65535} | Non-linearity threshold (8-bit.integer + 16-bit fraction)
{o, ..., 255} + —————
65535
A 24 {0, ..., 65535} | Non-linearity continuity parameter A (8-bit integer| + 16-bit
B 24 {0, ..., 65535} | Non-linearity(continuity parameter B (8-bit integer| + 16-bit
NOTE —E, S, and A parameters shall not be zero as the non linearity transformation defined by Equation K-2 is otherwisg not well-
defined.

[Table A.46 — Non-linearity transformation parameter values of the STnlt parameter (Tnlt = 2)

Pe_lrameiers Size (bits) Values Meaning of STnlt values
(in ordgr)
Npoints 16 1to 8191 (Number of points — 1) in the LUT-style non-linearity definitiop (all other
values reserved)
Dmin 32 OMo (232-1) | Dmin = parameter value / (232-1)
DmaX 32 1to (232-1) | Dmax = parameter value / (232-1)
PTva 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
Tvalug 8,fPTval <8; variable Run of table values for the LUT-style non-linearity. The (Nfoints + 1)
16/9'<PTval < 16 parameters are unsigned integers. The actual value of [Tvalue is
32;PTval > 16 Tvalue = parameter value / (2PTval— 1)
A.3.11 |Quantization default, precinct (QPD)

Function: Describes the quantization default used for compressing all components of a particular resolution level and
precinct. The parameter values can be overridden for an individual component, resolution level, and precinct 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 >

30 Rec. ITU-T T.801 (V3) (08/2023)

Main QPC > Main QPD > Main QCC > Main 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.

NOTE
is not

requirg

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

Figure A.11 — Quantization default, precinct syntax

QPD:

Lqpd:

Sqpd:

Lgp

PPqpd:

SPqpd':

Marker code. Table A.47 shows the size and values of the symbol and parameters for quiantization
default, precinct marker segment.

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

5 4+ num_subbands_lev no_quant AND PLgpd < 128
7 quant_derived AND PLqpd <128
d= 54 2 - num_subbands_lev quant_expounded AND PLdpd < 128 (A-8)
6 + num_subbands_lev no_quant AND PLgpd{= 128
8 quant_derived AND (PLqpd = 128

6 + 2 - num_subbands_lev quant_expounded AND PLqpd > 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 Sqpd
parameter.

— The Lqcd can be used to determine how many quantization, step sizes are present in the marker segment. However, there
hecessarily a correspondence with the number of sub-bahds present because the sub-bands can be truncatg¢d with no
Iment to correct this marker segment.

PLqpd:

The resolution level index for the quantization values signalled. Equation A-9 shows how this marker
segment is constructed based on the resolution level index, lev, as well as the precinct indei, 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 decomposition
levels defined in Rec.MTU-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 parameter
will be onebyte when the PLgpd parameter is less than 128, but two bytes when PLgpd|is greater
than or equal to 128. This parameter will then just hold the precinct index, prec. The precinct index,
prec,«can’ range from 0 to numprecincts —1, where numprecincts is the number of precincts at
resolution level lev and is also defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.§,.

Quantization style for all components at the resolution level, lev, and precinct, prec.

(A-9)

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 ip the tile-

campanan taanth tho araotnct iy Af o bhoande o vacalitian Inval 1oy,
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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

Sqpd 8 Table A.12

SPqpdi variable Table A.12

A3.12
Function| Describes the quantization used for compressing a particular component, resolution level, and-precipct.

uantization precinct component (QPC)

Usage: Main and any tile-part header. Several QPC marker segments may appear in any tile-part header, but orjly one for
onent, resolution level, and precinct. If a QPC is used in a tile-part header it overfides the gquantization
characterigtics defined by QCD, QCC, or QPD marker segments for the triplet indexed by the<QPC within th¢ scope of
the particplar tile. Thus, the quantization characteristics of a particular component, reselution level, and grecinct is
indd by the presence of QCD, QCC, QPD or QPC markers in the following order of precedence:

ny tile-part QPC > Any tile-part QPD > First tile-part QCC > First tile<part'QCD >
Main QPC > Main QPD > Main QCC > Main QCD

When QP[C marker segments are used, they shall appear in tile-part headers.before any packets are found for the indexed
t, resolution level, and precinct.

Length: Yariable depending on the number of quantized sub-bands within the resolution level indexed. Theg syntax is
depicted ip Figure A.12.

QPC Lgpc

Cqpe
PLgpc
PPqpe

Sqpc

;SPqpcn,

SquJ’

T.801(21)_FA.12

Figure A.12 —'Quantization precinct component syntax

Marker code. Tahte A.48 shows the size and values of the symbol and parameters for quantization
component marker segment.

Length of-marker segment in bytes (not including the marker). The value of this pafameter is
determineg-by the following equation:

QPC:

Lgpc:

6-+.num’ subbdands_lev
8
64 2-num_subbdands_lev
7+ num_subbdands_lev

9

no_quant AND Csiz < 257 AND Plgpc <128
quant_derived AND Csiz <257 AND Plgpc<128
quant_expounded AND Csiz <257 AND Plgpc <128
no_quant AND Csiz > 257AND Plgpc <128
quant_derived AND Csiz > 257 AND Plgpc <128

Lgpc=

7+2-num_subbdands_lev
7+ num_subbdands_lev

9
7+2-num_subbdands_lev
8+ num_subbdands_lev
10

8+ 2-num_subbdands_lev

quant_expounded AND Csiz >257AND Plgpc<128
no_quant AND Csiz < 257 AND Plgpc>128
quant_derived AND Csiz <257AND Plgpc>128
quant_expounded AND Csiz <257AND Plgpc>128
no_quant AND Csiz > 257 AND Plgpc>128
quant_derived AND Csiz > 257 AND Plgpc>128
quant_expounded AND Csiz >257AND Plgpc>128

(A-10)

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 0, 1,
2, etc. (Either 8 or 16 bits depending on Csiz value.)

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

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

(A-11)

A.3.13
Table A4

PPgpc:

Sgpc:
SPgpC:

The precinct index for the quantization values signalled. The size of this marker segmentrarameter
will be one byte when the PLgpc parameter is less than 128, but two bytes when PLgpc¢ is/gijeater than
or equal to 128. This parameter will then just hold the precinct index, prec. The preginct index, prec,
can range from 0 to numprecincts —1, where numprecincts is the number of précincts at fesolution
level lev and is also defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B;6.

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

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

Table A.48 — Quantization precinct component.parameter values

Parameter Size (bits) Values
QPC 16 O0xFF5B
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

9 defines

Extended capabilities (CAP)

values for'the Ccap? field.

Table A.49 — Ccap? syntax and semantics

Values (bits) Part parameter

MSB LSB
LXXX XXXX XXXX XXXX Block coder extensions may be present, as defined in COD or COC
marker segments
XIXX XXXX XXXX XXXX The position-resolution level-component-layer progression order may be

present, as specified in COD or POC marker segments

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.
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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
headers for the tile, nor shall the progression order for Spcod, Spcoc and Ppoc parameters of the tile be "Layer-resolution

level-co nnnnf-lnn:ifinn Ir\rngmc:inn" or "Resalution In\ml-In\llar-r‘nmpnnnnf-lnnci'rinn prngrp:cinn"
Length: Yariable. 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 length
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-endian
unsigned integer.
Jrit': 16-bit or 32-bit unsigned integers that encode precinct lengths or describe other RUT marker
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 .
\alue Semantics
[0, p3-1] Total number of bytes in all subsequent RLT marker segments in the tile-part. The ({ + 1)""
subsequent RLT marker segment in the tile-part is described by Jrlt' as specified in Tabl¢ A.52.
Each Jrlt' is a 16-bit value.
234 16-bit unsigned Jrlt' values, providing precinct lengths
281+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 |
International Standard, except the multiple component transformation in Annex J. The capabilities of the codestream are
defined by the SIZ marker segment parameter Rsiz (see clause A.2.1).

This annei specifies variable DC offset that converts the signed values resulting from the decoding processto,the proper
reconstrugted samples. It can be applied to with both signed and unsigned component data.
B.1 \VVariable DC offset flow
DC offsef occurs external to any component transformations, i.e., prior to component transformations during| encoding
and after jcomponent transformations during decoding. Figure B.1 shows the flow of DCYoffset in the systém with a
multiple domponent transformation from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex-G.
recpnstructed
< 1 Forward Forward Inverse Inyerse sanjple
bamﬁb Forwa‘rd component —»| wavelet | coding [ wavelet —3¥cpmponent —» Inverse —>
DC offset DC offset
transform transform transform transform
T.801(21)_FB,
Figure B.1 — Placement of the DC offset with niultiple component transformation
Figure Bf2 shows the flow of DC offset in the systef without a multiple component transformation from Rec.
ITU-T T.800 | ISO/IEC 15444-1, Annex G.
reconstructed
sample Forward - Forward . Inverse Inverse sample
| DC offset > Jyavelet | coding | wavelet DC offset
transform transform
T.801(21)_FB.2
Figure B.2 — Placement of the DC offset without multiple component transformation
B.2 Inverse DC.offset
If the DCO marker segment is present in the main or tile-part header (see clause A.3.1), then the DC offset, O;, i§ specified
by that marker, AHsamples of a given component are offset by adding the same quantity to each sample as foljows:
I'(x,y)=1(x,y)+ 0, (B-1)

If no DCO marker segment is present, then the DC offset is performed as described in Rec. ITU-T T.800 | ISO/IEC
15444-1, 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.

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 | International
Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see clause A.2.1).

Variable scalar quantization extends the default scalar quantization described in Rec. 1TU-T T.800 | ISO/IEC 15444-1,
Annex E, [to allow deadzones of variable width (up to four times the step size). Variable scalar quantizationshall only be
used with|irreversible filters.

Cl \VVariable scalar quantization

All terminology and variables described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E, remain the same fqr variable
scalar qugntization. An additional parameter nzy, is used to convey the adjusted deadzone size_The adjusted deagizone size
is 2(1-nzg)Ap. When nz = 0 this is equivalent to the scalar quantizer in Rec. ITU-T T.800 | ISO/IEC 15444-1,|Annex E,
with a depdzone of twice the stated step size. When nz, > 0 then the deadzone is‘smaller, and when nz, < D then the
deadzonelis larger. The value of nzy shall lie in the range [-1, 1)Y.

When nz § 0 for all sub-bands, there is no need to transmit adjusted deadzone factors. However, if nzy, = 0 for af least one

sub-band,|then extended QCD, QCC, QPD, and/or QPC marker segments-shall appear in either the main header or the
first tile-part header of a given tile (see clause A.2.4). The value nzy is\tepresented as:

num_nz,
nz, ==+ (C-1)

When an pxtended QCD, QCC, QPD, QPC marker segment,appears, the adjustment factors are either signallefl for each
sub-band explicitly, or else signalled only for the LL sub=band. The former is known as expounded deadzone gdjustment
and the Igtter is known as derived deadzone adjustment.”In the latter case, all the deadzone adjustment factdrs nzy, are

derived implicitly from the single deadzone adjustmiént factor nzy corresponding to the LL band, according to:

nz, = nz, (C-2)

C.2 \Variable scalar dequantization for irreversible filters
For generplized scalar dequantization with irreversible filters the reconstructed values are computed as:

(@b (u, v) + r2Mp~NwD) —nz )4, Gp(u,v) >0

Ray(u,v)= (qb(u, v) — r2Mp=N@WY) — 794, qp(uw,v) <0 (C-3)
0 Qb (u' 17) =0

where nzy is the transmitted deadzone adjustment factor from the extended QCD, QCC, QPD, QPC marker segments and

all other parameters are as described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E. If there is no extenfled QCD,
QCC, QPD,“QPD marker segment applicable to a component in the codestream, then nz, = 0 for all sub-bands.|When nz,
= 0 this ts—teentt tzatt ttir f t f . = ISO/IEC
15444-1, Annex E.
The variable scalar quantizer shall only be used with irreversible transforms.
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:
. | V)| 4
() = sign(a,(u, v)) %:M“’J lay(u, v)| = —nz,4, (C-4)
0 lay(w, v)| < —nz,4,

D The "[" means the first value is included and the ") means the last value is excluded.
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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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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 |
International Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see
clause A.2.1).

This annejx specifies the trellis coded quantization (TCQ) option for encoding and reconstructing a sequence of wavelet

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 cheesing one of fpur scalar
quantizerg for each sample. Quantizer indices from supersets of these quantizers along with_quantizer transitipns in the
form of aftrellis provide all information necessary to reconstruct TCQ encoded wavelet-coefficients.
Figure D.[ depicts the four separate scalar quantizers (Dg, D1, Dy, and D3) used forthis Recommendation | International
Standard. | Included with this figure is information regarding scalar quantized Jindices (mp,), reconstructjon levels
(Rp,(mp,)), and eventual union quantizer indices (@p,(mp,)) for each scalarguantizer.
DO
< & & & & & < >
mip,: ) 1 0 1 2 3
Rp (mp}): -8A —4A 0 3A TA 11A
Op,(mp}): —4 -2 0 2 4 6
D,
< @ @ & @ @ >
mp,: -2 =1 0 1 2 3
RDl(mD ): ~7A -3A 0 4A 8A 12A
Op (mp}): —4 -2 0 2 4 6
DZ
<o 4 @ & & & >
mip,: -3 -2 -1 0 1 2
Rp,(mp): —10A —6A “2A A 5A 9A
Op,(mp}): <5 -3 -1 1 3 6
D3
« @ @ @ >
mp;: ) 2 3
Rp (mp.): —9A 6A 10A
Op.(mp,): -5 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,)).

© ISO/IEC 2023 - All rights reserved

Rec. ITU-T T.801 (V3) (08/2023) 39


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

ISO/IEC 15444-2:2023 (E)

A,=D,u D,
<+ L g < L —& . L L L >
m4,: -5 —4 -3 -1 -1 0 0 2 3 4 5 6
Raf(mq):  —10A  —8A  —6A  —4A  -2A 0 A 3A 5A TA 9A 11A
A,=D, U D,
< @ L @ @ —0 @ @ @ @ L *—>
ma, -5 4 -3 -1 0 0 2 3 4 5 6
Ry (my)): —9A —T7A —5A =3A 0 2A 4A 6A 8A 10A 12A
1.804(21)_FD.2
Figure D.2 — Union quantizers for TCQ
The eightstate trellis directed graph with possible quantizer transitions is shown in Figure D.3,flowing left to right, where
each nodg represents a possible trellis state. Columns of nodes represent stages which are orderéd from left to right. There
are exactly K+1 stages if K data points are quantized. Each node in Figure D.3 is labelled as:Ny s, where k corrgsponds to
the stage |ndex for the node and s is the trellis state of the node.
Trellis State:
0
1
2
3
4
5
6
T.801(21)_FD.3

Stage 0

Stage |

Stage 2

Figure D.3 — Trellis showing node indices

D.2 Sequence definition

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, =201 (1412 (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 py, vajues are then used to set the SPqcdi, SPqcc!, SPapd!, SPapci parameters in the QCD, QCC, QPB, QRC marker
segments|(see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.4 and A.6.5).

Several Igok-up-tables (LUTS) are used for purposes of forward quantization. Table D.1 specifiesfour pre-defined LUTSs:
N§ (Ni.s)land NF (N, ) define the parent nodes for Ny s in the trellis; D§ (N, ;) and Df (N, £)-d€fine the scalar fjuantizers
that lead to Ny s from its parent nodes. Five other LUTs are maintained during forward quantization.

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

- dp (Dj) holds the resulting distortion due to each scalar quantizer;

— dyn (Ng ) holds the cumulative distortion at node Ny s, (survivor distortion);

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

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

The complete TCQ encoding algorithm which determines the seguence gy of quantized indices for a particular cpde-block
sequence Js outlined in Figure D.4 and Table D.2. Additionally, optimum progressive TCQ performance is achigved when
the three gntropy coder passes (see Rec. ITU-T T.800 KISO/IEC 15444-1, Clause D.3) for the last bit-plane pf a given
code-block are concentrated into a single packet.

X A

4

Tnjtialization

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

Nod Parent nodes Parent scalar quantizers
o M) | M) | 0f(Me) | DE(Mer)
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
Ny, 4 Nk-10 Nk-11 D; Do
MK, ) MK*J.,( MK*J.,J hd r\J.
Nk, 6 Nk-14 Nk-15 Do D.
N, 7 Nk-16 Nk-17 D, D3
Table D.2 — Description of functional blocks in Figure D.4
Block Description
Initializafion Set dy (Npg) =0anddy(Nog) =cofors=1,...,7. Setk=0.
SQ For each quantizer D; (i = 0, 1, 2, 3), find the best quantizer indéx and compute its squared error.,|i.e.,
dp(Dy) = min{(xi ~Rp,(m))?*}
and set gp (D;) equal to the minimizing index value m’
Label For each stages=0, ..., 7:
if (dy (Ng (Niey1,6)) + dp (D (Nepa,5)) < dy(Nf (Nicy1,6)) + dp (DF (Njey1,6))):
dn(Ni+1,5) = 8 (N (Nir1,6)) + dp (D (Niew1,5))
gn(Nis1,s) = ‘ZD(Dg(NkH,s))
B(Ngy1,5) = N({)(Nk+1,s)
else:
dy(Nis1,s) = dy (N (Nis1,6)) + dp(DF (Npes1,6))
qn (Ni+1,s) = qD(Df(Nk+1,s))
B(Nit1s) = Nf (Njey1,6)
D1 At end of data.sequence?
Inc k Increment.the sequence index k.
Trace Bagk Setik = K. Find spyin (out of spjn=0, ..., 7) such that dy (Ny s, . is minimum. Set N = Ny ¢ .
While (k > 0):
Ok—1=0an(N)
N = B(N)
k=k-1
Az Negation If using A; union quantizer and if g = 1 then set q¢ = -1
If using A; union quantizer and if g, = -1 then set g, = 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,

B N

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
Initializafion Initializé:the trellis state index s and the sequence index k: s = 0; k = 1.
Update Spiperset Index Set the)current union quantizer index using Table D.4: a = A(s).
Reverse A; Negation If a = Ay and if Ok = 1 then set Ok -1.
Ifa=A; and if g, = -1 then set gy = 1.
Reconstriict Form reconstructed coefficient x:
{—rﬁb Ra(qr) >0
Ze=Ra(qr)+4 0  Ra(qe) =0
rd, Ri(g) <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 Ao

Njo|o|s|lw|[Nv|e
>
o

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 4

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 th¢ full dequantization] this approach uses twice the step sizes defined in Equation D-1. Specifically,

4y, = 2R (1442) (D-2)
The apprgximate dequantization process is outlined in both Table D.6 and Figure D.6. Input to this process is|the code-
block sequence efpartially or fully decoded TCQ indices gk and its output is the sequence of reconstructed wavelet
coefficients for_the current code-block. This dequantization technique corresponds to the basic scalar dequantization
described|in\Rec. ITU-T T.800 | ISO/IEC 15444-1, and as such, does not require special processing to reasonaljly decode
TCQ indices.
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Figure D.6 — Approximate dequantization of TCQ indices

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

Block Description
Initializagion Initialize the sequence index k: k = 1.
Zero LSH Zero out LSB of .
Reconstriict Form reconstructed coefficient xy:
( + rZMb_Nb(k)) A
Ak bq >0
X, = (Qk +r2Mb_Nb(k)) L <0
Qi =
0,
where My, Np(k), and r are as defined.forRec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-8.

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

D.5 Lagrangian rate allocation (ipformative)

This algoftithm uses three sets of paraméters to determine all sub-band step sizes. The first set is listed in Table D.7 and
provides ptatistics for each sub-band, including standard deviation (o), size weight (By), energy weight|(Yy), and
generalizgd Gaussian density (GGD) parameter (o). The second set of parameters include oy, and quantizer-flependent
parameters which are listed in Tables D.8, D.9, D.10 and D.11. The parameters listed in these tables are[based on
experimentally obtained.rate-distortion data for both TCQ and scalar quantization in conjunction with the entrppy coder
described|in Rec. ITU+FT.800 | ISO/IEC 15444-1. Finally, the last parameter set simply provides the free pgrameter A
which is ysed 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,
5 1
il — %p)* r (@) r (a_b)
(o3) 3
r ((lb)

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 op=15 op =20

mh -1.6610 -1.6610 -1.6610 -1.6610 -1.6610
ap -0.2985 0.0765 0.2144 06,3023 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 —01240 -0.1526 -0.3311

Yo —2.3000 —2.2080 <0:8237 -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 147723 598.0913 32.7548 70.8032

me 1.6610 1.6610 1.6610 1.6610 1.6610

Table D.9 — Ay parameters for TCQ

op=0.5 op =0.75 op=1.0 op=15 ap =[2.0
my’ 0.5000 0.5000 0.5000 0.5000 0.5doo
an’ 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 0.1d81
2 —4.0000 -3.3980 —3.0000 -3.0000 —2.3980
a' 293.3300 32606000.0000 399.6300 81289000.0000 1806.7000
¢ -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

Yo -0.4191 -0.4115 —0.3435 —0.1282 —0.0599
a 8-5942 0-4934 08-3859 0-1564 8-6350

4 0.1721 0.0819 0.0424 0.0227 =0.0949

p 3.2225 4.0915 3.8673 2.5889 1.4163

me 1.6610 1.6610 1.6610 1.6610 1.6410

Table D.11 — Ay parameters for SQ

op=0.5 op =0.75 op=1.0 op =15 ap =[2.0

my’ 0.5000 0.5000 0.5000 0.5000 0.5000
ap’ 0.4687 0.4687 0.4687 0.4687 0.4987
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 0.0947
v, ~2.4000 -1.9376 ~1.4771 ~1.4569 ~1.5025
a’ 3.4746 10.7335 4.8908 3.8051 5.3635

¢ —0.6358 -0.5266 -0.6001 -0.5131 -0.0280

p’ 16.9615 85.2986 82.0612 32.4838 29.9839

m¢' 0.1851 0.1469 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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Table D.12 — Description of functional blocks in Figure D.7

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-&E\P1p _
R, = mca{[1+(—a ) ] 1}, forv >y,
0, otherwise
R =[mlv+al'v>y1 where 17 = log (L\
— C_U,otherwise AN
Compute|R*
P R x= Z BuPy
b
D1 R* within tolerance of Rp?
Adjust A Properly tune A so R, and R* converge within tolerance.
Compute|A, Ap, = 102n*2c+2c for each sub-band b where A, = m,,v + a,,
1
" via'-&\P v ;
Aczlmca [1+(T) ] -1, forv >y
k 0, otherwise
m+a,v >y, 2
A = 1 (2 1 W — ( )
L { 0,otherwise tere v = log Yb0ph
Quantize Use Ay, to quantize wavelet coefficients.

Entropy gncode

Run quantized indices through variable length.encoding.

Measure Rp Measure achieved rate resulting from step sizes.
D2 R within tolerance of Rp?
Adjust R} Properly tune R}, so Rp and Rp converge 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

| 1SO/IEC

15444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation | International
Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see clause A.2.1).

This annex

E.l Introduction to visual masking (informative)

Visual mgsking is a mechanism where artefacts are masked by the image acting as a background signal: The m
to improve the image quality, especially for low resolution (often measured in dots per inch, or DPI) displays
effect of this technique is to improve the image quality, where the improvement becomes greater as the image
more comrplex. The key area of improvement is in low amplitude textures, such as skin. Anether area of imprg
in knife-eflges (i.e., those with zero transition width) in graphical images created digitally, The second main eff
techniquelis that for a given fixed bit-rate, the image quality is more robust against variations in image comple
is accomplished at the encoder via an extended non-linearity interposed between ‘the transformation stag
quantizatipn stage. At the decoder, the inverse non-linearity is applied after dequantization, prior to the invers
transformption (see Figure E.1).

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

The extended masking option treats visual masking as a combination of two separate processes, i.e., self-contras
and neighpourhood masking. The visual masking effect is therefare exploited in two steps. The first step exploi

hin goal is

The first

becomes
vement is
ect of this
Xity. This
£ and the
e wavelet

t masking
s the self-

contrast masking effect by applying a point-wise power function (referred to here as the transducer function) to the original

coefficient x; obtained using an analysis filter with gainy(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Table E.1

a
x; =29 = sign(x; - gain
i ¥ = 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

,1.e.,

(E-1)

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

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

If uniform quantization is to be applied to y;, the resultant quantization step sizes as a function of the coefficiept value x;
is shown in Figure E.2. The quantization bins increase as the ceefficient amplitude increases. This step assumeg that each
signal with which a coefficient is associated is lying on acommon flat background. Under this assumption], {y;} are
perceptually uniform. In a real image, however, this is usually not the case. Each signal is superimposed on other spatially
neighbouling signals. There is some masking effect contributed from spatially neighbouring signals due to [the phase
uncertainty, receptive field sizes, as well as possibilédonger range effects. To further exploit this neighbourhoogl masking
effect, thelsecond step normalizes y; by a neighbourhood masking weighting factor w; which is a function of the gmplitudes
of the neighbouring signals, i.e.,

yi—oz =2 (E-2)

wi
where w; |s a function g(.) of the causal neighbouring signals as perceived by the decoder X, denoted in a vectpr form as
N;({Z. D.ie.,

w; = g(Ni({%x}))
The resulfant z; is thém™subject to quantization. An advantage of this strategy is its ability to distinguish between large
amplitudd coefficients that lie in a region of simple edge structure from those in a complex region. This feature Jill assure

the good yisual quality of simple edges on a smooth background, which is often critical to the overall perceiyed visual
quality.

Since the neighbourhood weighting factor w; shall be computed by the decoder as well as the encoder, the decoder
perceived signals x; shall be computed to include the effects of quantization and reconstruction. That 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
which can be specified in the bit stream. For example, if minlevel is set to 1, then the extended non-linearity is applied to
all sub-bands except the lowest LL band.

E.3 Decoding with visual masking

When thel VMS marker (see clause A.3.2) is present for component c, then the following shall occur|béetwegn inverse
quantizatipn and inverse DWT. In component c, for each sub-band b with resolution level r not less than'minlevgl, execute
the following formula in raster order over sub-band b:

1/a

210 )| gai, (E-4)

gaing

Zi

x; = sign(z;) [ | (1 + (a Ykeneighbourhood

gaing

where z; Is the coefficient under consideration, and gainy is the analysis filter gain{(see Rec. ITU-T T.800 | ISO/IEC
15444-1, Table E.1). The normalization constant a is defined as (1000/2®=D)A where R, is the bit-depth of the spatially

reconstrug¢ted component samples as specified in the SIZ marker segment (seée’Rec. ITU-T T.800 | ISO/IEQ 15444-1,
clause A.b.1). The neighbourhood is a causal neighbourhood of the current. coefficient, zj, having a nominall height of

(win_width+1) and width of (2win_width+1) (see Figure E.3). The neighbourhood excludes the current coeffici¢nt, z;, and
shrinks tp respect sub-band boundaries. The neighbourhood ,also’ shrinks to respect code block boupdaries if
respect_bJock_boundaries = 1. |¢;|is the number of pixels in the.neighbourhood of z;.

The valug x; is computed from a bits_retained quantized version of z; denoted §; as shown in Equations E-5 and E-6.
G; = |lz;|/4,] with all but the bits_retdined MSBs replaced by zero (E-5)

where Aplis the quantization step size and ||z;|/4bJis an integer containing My, unsigned bits. See Rec. ITUT T.800 |
ISO/IEC 15444-1, Clause E.1, for definitions of. A and My,

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

N =2win width'+ 1 =5,|¢|=12,"*"
current coefficient, "x" are the causal
surrounding)coefficients. X[ x| x| x|x

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:

sign(x;)

| -gainy

Xk
o] )/|<pl|

where x; is the wavelet coefficient under consideration, and the parameters gainy, a, neighbourhood, and |¢;| are defined
as in clause E.3. The value x; is defined as in Equations E-5 and E-6.

gam

(E-7)

Zi =

1+<a Ykeneighbourhood

The value r for each

component, are recorded in the VMS marker segment (see clause A.3. 2)

E.5

The parafneter B assumes a value between 0 and 1, and, together with win_width, is used {o’control the [degree of
neighbouthood masking. The parameters § and win_width play important roles in differentiating coefficient around a
simple edge from those in the complex area. The parameter win_width controls the degree of averaging; § cgntrols the
influence [of the amplitude of each neighbouring coefficient. It is important that $ assumes a value much smaller than 1.
A good value of B is 0,2. This helps to protect coefficients around simple sharp edgeSySince the coefficients arqund sharp
Ily have high values. A small value of 3 suppresses the contribution of\a few large coefficients around sharp
edges to the masking factor, thus implicitly distinguishing coefficients around Sharp edges from coefficients in § complex

etting parameters (informative)

A special|case of the point-wise extended masking approach is the self-contrast masking approach achieved when( § is

orientatiop and location as the distortion signal. This masking appreach assumes that the wavelet band structdre is used
and filterd are a good match to the visual system's underlyingcchannels, which is usually not true. Therefore, itfmay have

Some parimeters that are encoded into the VMS marker'segment (see clause A.3.2) are o, B, bits_retained (the number
of most significant bits to be retained for obtaining-quantized neighbouring coefficients), win_width (half of the causal
neighbouthood 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
respect_bJock_boundaries is also included.in the VMS marker segment.

E.6 Compatibility with othertechnologies (informative)

The visual masking extension warks with both scalar quantization and TCQ (see Annex D) for irreversible filters. It can
be combined with visual frequency weighting (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause J.12) to furthgr improve
the visuall quality. Typically;the transform coefficients are multiplied by CSF weights before they are subjeqted to the
"transducer” function-In:some implementations, however, it is more convenient to interchange the operatiorfs because
the CSF weighting canthen be incorporated into the rate distortion optimization. To do this, the CSF weights, originally
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 conjunction with any of the other extensions in this Recommendation |
International Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see
clause A.2.1).

The exterjsion described in this annex specifies options available for forming wavelet sub-band decompositions. The
notational conventions are first introduced followed by updates to various equations, text, decompositions-and grocedures
from Rec] ITU-T T.800 | ISO/IEC 15444-1. Many of these new and updated procedures are defined régursively. Except
for variabjes that are included in a recursive procedure's output parameter list, all variables for rectrsive procgdures 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 speeifying two-dimensional| bandpass
signals (cplled sub-bands) at various spatial resolutions. Each tier provides morge.infarmation in defining fingr detail in
the sub-band decomposition structure. These tiers are defined below, starting with-the tier with the lowest leve| of detail.

F.1.1 Tier 1: Number of decomposition levels

The first tier in defining sub-band decompositions is the number of\Wavelet decomposition levels, N_. This value is
signalled [for each tile-component in the COD or COC markers_as”specified in Table A.15 of Rec. ITU-T T.800 |
ISO/IEC 15444-1. As with that Recommendation | InternationakStandard, decomposition level indices are 1 fpr highest
resolutior] sub-bands and N, for the lowest resolution sub-band: Resolution indices, on the other hand, are labglled with
value zerp for the lowest resolution and N for the highest resolution. A value of zero for N indicates np wavelet
transformption for the tile-component.

F.1.2 Tier 2: Resolution formation

The variqus spatial resolutions are obtained*thfough joint/disjoint horizontal and/or vertical downsampling|of higher
resolutions. As a result, spatial resolutions-with subsampling factors from the original image that differ in the horizontal
and vertidgal directions are allowed. As-iniRec. ITU-T T.800 | ISO/IEC 15444-1, the orientation of each spatial fesolution
(or sub-bgnd) is specified with a two-character code, where the first letter indicates horizontal filtering, the seqond letter
indicates pertical filtering, and the.letters L and H indicate lowpass or highpass filtering followed by decimgtion by a
factor of fwo. This annex als@ provides for the third letter X to indicate no vertical/horizontal filtering and dgcimation.
Since spafial resolutions aré not produced with highpass processing and no two spatial resolutions can be the same, there
are three possible orientations for each resolution: LL, LX, or HX. The signalling required to specify resolution [formation
is achieved via the COD;'COC, and DFS marker segments (see clauses A.2.3 and A.3.3) as described in clausq F.2.5.

F.1.3 Tier 3xSub-level decompositions

Wavelet qub-bands resulting from the first two tiers of wavelet processing may be further decomposed into|new sub-
bands of fedtreed balldpaoa extent—he bUIIUC'Jt of dCbUIIIpUO;t;UII stb-tevelststsedto hc:p Cotivey thisdetail tier. An
absolute maximum of three decomposition sub-levels may be produced at decomposition level lev, with the first sub-level
resulting from decomposition of the next highest resolution level. Use of ADS marker segments (see clause A.3.4) for
signalling the maximum number of sub-levels, 6(lev), for each decomposition 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
procedure.

F.1.5 [Complete sub-band notation

A colon sgparated notation is used to label the index b of sub-band ay, for the four tiered wavelet decompositior] approach
defined in this annex. This notation (which is a simple extension of that given in Rec. ITU-T T.800 |.1SO/IE] 15444-1)
begins with an index lev corresponding to the decomposition level of the sub-band, followed by the two-letter grientation
for the firgt sub-level decomposition. For sub-bands with greater than one sub-level, a colon follows‘along with fhe second
sub-level [decomposition orientation. A final colon along with the third sub-level decomposition orientation) ends the
notation fpr sub-bands with greater than two sub-levels.

LL HL
Decomposition of 4, Soa,)  Si(ay)
a) a,
SE(GI)) S}(a],)
LH HH
LX HX
Decomposition of @
b) a, p b > SU(G;,) Sl(ah)
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, VexOrient and PrimeOrient sub-band operators

To aid definitions of procedures in this annex, the operator HorOrient(ay,) refers to the last filtering operation (H, L, or X)
which hag been-applied in the horizontal direction to a given sub-band ay,, while the operator VerOrient(ay) refers to the
last filteripg«operation (H, L, or X) which has been applied in the vertical direction to a given sub-band ay. Thg operator
PrimeOriént(ay) is used ta refer to the orientation (1L L X X1 HI | H HX XH or HH) of the highest subdlevel sub-
band which eventually spawns into sub-band a within the same decomposition level. For example, for sub-band
ay = @ H:Hx, HorOrient(ay) = H, VerOrient(ay) = X, PrimeQOrient(ay) = 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®
ZHi ZVi ZDi ZHi ZVi zDi Z(Hi ZDi
+ Vl)
2 xby X X 2 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 >2 0 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
3 The dontext labels are indexed only for identification convenience in this Specification. The actual identifiers used i$ a matter
of implementation.
b)  x = dp not care.
F.2.3 Extension to Rec. ITU-T T.800 | ISO/IEC 15444-1,Equation B-14
This equation shows how tile-components divide into resolution levels, and should be updated for this annex pccording
to:
tcx tcx
trxg = [WE}?TH(NL—r) trx, = [WE;’FH(M
. (F-1)
Yo tcyr
try, = [m] try; = [ZGET VER DEPTH(N— r)]
The usagg for the procedures GET_HOR,"DEPTH and GET_VER_DEPTH are defined in Figure F.2 wiereas the
definitionp of these algorithms are depicted in Figure F.3.
fev GET HOR/DEPTH  |[HORDEPTH - _lev | Gpr yer_peprn | VERDEPTH
T.801(23)_FH2
Figure F2~Parameters for the GET_HOR_DEPTH and GET_VER_DEPTH procedures
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F.2.4 Remaining updates

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
also refer to Table F.2 based on the orientations of various sub-bands. Although the order O() is defined in reverse order
by RECUR_INFO and the bulk of SET_SUBBAND_INFO, the last step in SET_SUBBAND_INFO reverses the order
for proper—output—of —sub=bard—imformatiom—Atso, —the—front—end—procedure—SET_SUBBAND—NFOCjcalls the
RECUR_JNFO using parameters rPPx and rPPy which are the same PPx and PPy parameters signalled-thrgqugh COD
and COQ markers (see clause A.2.3) for each resolution r as described in Clause B.6 in Rec.(IJU-T T.800 |
ISO/IEC 15444-1. To avoid xpb and ypb values less than one, both of these rPPx and rPPy values shall also pe greater
than or edual to 6(N,_—r) for all resolution levels except resolution r = 0. Finally, as with most loops‘with the |index j of
length J(Y(ap)), the j index in RECUR_INFO is decremented to cause processing to recurse on the next lowest fesolution
level.

GET _HOR_DEPTH GET VER.DEPTH

HOR_DEPTH =D VER DERTH =D

N%O HorOrient (ag,) # X DONE VerOrient (az,) # X DONE
D=DA1 D=D+1
] S
v
T=7+1 [=1+1
| | T.801(21)_FF.3

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)

}

50, RO = INIT_S_R(N,. dy(). L. d(). 15, 00))

I

Figure F.5 - The SET_SUBBAND_INFO procedure
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lev =1
k=0
Xy = Iex,
x, = fex,
Yo = Icyy
=t
> lev>N, Yes K=k
No
gain=1 No
n=(GET HOR DEPTH(/ev 1) DONE
x, = tR(lev —1)%y +GET_VER_DEPTH(lev — 1))/2
x, = tR(lev £ 1)x, A= S8(agge 1)) Yes
¥V, = tRlev +1)y, |
Y =t L(;BV—ijyl v
OK—k=0'k
r t(A)x,, t{A)y,, gain,, n, O), k
=RECUR_INFO(R(lev 1), x;, v, l
. PP rPPy.
gain,n, k,2° 7,27 )
i k=k-1
L ]
lev = lev +1
‘ T.801(21)_FF.5
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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

A\

A=5(a,)

Yes

Set th'x, thly, n,,
xpb', ypb' per Table F.2

!

v

. . N4l
gain, = gdin : 2

HA)x, t{A)y,, gain,, n, O(), k
= RECUR_INFO(b', tb'x, th'y,

gain, ny, k,
xpb’, ypb))

O(k) = b’

l

k=k+1

F 5

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

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 yp/2
X H X [v:/2] n+172 Xp yp/2

SN
ﬂ» INIT 6 L»
SEEEN

T.801(21)_FF.8

Figure F.8 — Parameters for the INIT_6 procedure

F.2.5 Updates to decomposition structure

Three arrgdys are used for specifying the decomposition structure for each tile-component. Each array is composgd of two-
bit values|that are signalled in DFS and ADS markers (see clauses,A.33 and A.3.4). The first array, dg(i), i =D, ..., lg—
1, is defirfed by the DOads and 10ads ADS marker segment (see Clause A.3.4) and is used by the INIT_6 procedure to
determing the maximum number of sub-levels, 6(lev), in each.decomposition level. Usage for this procedure i shown in
Figure F.§ and the procedure itself is defined in Figure F.9.df the ADS marker segment is not defined for the current tile-
component, the length lg is set to zero.

arrays arejused along with other ifputs by the INIT_S_R and LEV_S routines. The 1/O structure for these procgdures are
depicted in Figures F.10 and/F:12 and the corresponding algorithmic structures are defined in Figures F.11|and F.13,
Tables F.3 and F.4. As with(lg, if the DFS or ADS marker segments are not defined for the current tile-compopent, Ig or

I respect|vely is set to zero: When either I or I equal zero, the INIT_S_R routine will modify the respectivg arrays to

allow full sub-level depths with joint horizontal and vertical decomposition splits for all sub-bands in the wavelet
decompodition. The-first purpose of these procedures is to determine the LUT S(ay) which defines how a sup-band ay,

decompoges into,other sub-bands. This LUT is defined so that S(ay) equals the set of sub-band indices for depomposed
sub-bandq frem sub-band a,. The length LUT J(ap) is also defined by these routines to be the number of sub-bahds which
decompose from sub-band ay,. 0(@p) 15 (ap)-1(ap i index of the
j-th sub-band decomposed from ay,. Also, S(ap) = {b} when ay, is not further decomposed. This occurs when terminating
zeros are indexed in dg(i) or the sub-level depth of sub-band ay, equals the maximum, 6(lev), allowed for its level. Finally,

the notation a(,,) is used to denote the set {as,(q4,), -- -, as 1.
J(ap)-1(%b)
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No
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iYes

eia.\'f = dﬁ('l)
B(lev) = dy(i)

}

lev=lev + 1
i=i+1

O(lev) =

lev=1lev +1

0

last

]

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

INIT S R

T.801(21)_FF.9

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
S(ay ) =0LL
Hag ) =1
ip=0

ig=

) 4

Yes
r
Iy=N,;
dy(in=1,i"=0, ..., 1,1

0
ng:::>
No

S(@ger 1)> Ay 1)y diy= LEV_S(R(lev — 1), R(

dR( )s iRv IR
dy( )i, Ls,
0., O(lev))lev)

:

N,
= Z 21(0(!)-1 N, R(lev) = S, (aR[.’m‘ 1))
=l
din=[1,i'=0, ... I[;— 1 l
| :
lev=1lev+1
>
]
Is = Ilygs ip = i
| |
| 1
T.801(21)_FF.11
Figure F.11 — Upper level procedure for defining S(a,) and R(lev)
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b
—_—

R()

a0 SO,

iR
—E

L, JO_,
_40 ) pvs

l' .

s g )

I >

U{m IS
—> —

0

Pﬂ(i'.TI

lev

T.801(21)_FF.12

Figure F.12 — Parameters for the LEV_S procedure

ERROR Sta) =5 DONE
Jay) 74
A
Set8(a,) and l
J(a,) per
Tablj F4 J=day—1
e(‘nl = emt + 1
ip=ip+1
Set'S(a,) and
J(a,) per
Table F.3 a,)
eL'ﬂI = 9('[1[ + 1
ig=ig+1 S(asl,(ab)), J(asl,(ab)), ig, is= LEV_S(S(a,),
' RO, dg0)s igs Iys
‘ dS()’ iS’ 1.8"64'111’
emu\" [(:‘V)
le
v
S(a,)=b
» J( oe ] :j |
> a)=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

2 {b:LX, b:HX} 2

3 {b:XL, b:XH} 2

Table F.4 — S(ap) and J(ap) as a function of dg(i)
dr(ir) S(ay) = Set of indices for decomposed sub-bands from ay, J(ap) = Length of set S(ay,)

1 {levLL, levHL, levLH, levHH} 4

2 {levLX, levHX} 2

3 {levXL, levXH} 2

NOTE}- The INIT_S_R routine uses ds(i) and dr(i) array elements in order to define S} 3(), and R() for all decomposition levels.
Figure F.14 illustrates a sample wavelet decomposition. In this decomposition,'Np = 3, dg() = 31, Ig = 2, dr() = 1P3, I = 3,
ds() = 32p300203, and Is = 9. Table F.5 shows the various characteristics for this decomposition, includifg the R()
notation fpr each level, indicating that sub-band ag, | represents resolution 3 (the original image), and that res¢lutions 2,
1 and O afe represented by sub-bands ay , ap x and azx, respeetively. As in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
precincts pre specified with respect to these resolutions.
F.3 Inverse discrete wavelet transformation.for’general decompositions
The inverpe transformation process is much like that described in Clause F.3 of Rec. ITU-T T.800 | ISO/IEQ 15444-1.
The only| modifications necessary to provide arbitrary decomposition functionality are to the IDWT, 20 SR, and
2D_INTHRLEAVE procedures defined in that Annex.
B ApLxxe
Asxyr A HLHx
Ayyy Agrixxu
A1 XL A XL
ALpxn A HxHLX A1 XHHX
T.801(21)_FF.14
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 aoLL L/L LL OLL
S(agr) = {1LL, 1HL, 1LH, 1HH}
S(ag ) ={1LL}
S(agpr) = {IHL:LX, 1HL:HX}
S(@ghLLx) = {IHL:LX:XL, 1IHL:LX:XH}
S(@HL:x:x) = {IHLILX:XL} ALHLLXXL XL 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} 1LL
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(ay ) = {2LX, 2HX}
2 1 S(ay x) = {2LX} 2LX
S(asux) = {2HX} Apx H/X HX
S(ag x) = {3XL, 3XH}
3 1 S(agx) = {3XL} AgxL X/L XL 3XL
S(agxn) = {3XH} asxy X/H XH
F3.1 Modified IDWT procedure
The IDWT procedure is almost the same as that'in Rec. ITU-T T.800 | ISO/IEC 15444-1. Differences deal with changes
in the calllto the modification of the 2D SR procedure (MOD_2D_SR) as well as the extra callsto INIT_6and INIT_S R.
Nevertheless, the modified usage is depicted in Figure F.15 and the actual procedure is shown in Figure F.16. $ub-bands
stored in the codestream are provided to MOD_2D SR in the same order as provided by the order LUT O() flefined in
clause F.3.4.
ay(u, v)
N,
i’ I(x, y)
iy MOD IDWT |——=" »
—
dy()
I
T.801(21)_FF.15

Figure F.15 — Parameters for the MOD_IDWT procedure
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MOD_IDWT

0() = INIT_6(N,, d,0), I,

I

S0. RO =INIT S RN,, d). .. 60)

l DONE
lev=N,
! ,
> lev=0 Yes S\ T, 1) = ag, (x, )

pen 1) = MOD*ZD*SR(GS("R(Fevf ])), tR(lev — 1xgnR(lev — 1)x,,
tR(lev — 1)y,, tR(lev — 1)y,)

lev=ley- 1

T.801(21)_FF.16

Figure'F.16 — The MOD_IDWT procedure

F.3.2 Modified 2D_SR procedure

Major chgnges are required for 2D_SR from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is pomposed
of operatipns which combinie 2 or 4 sub-bands into a resulting sub-band. This procedure shall also handle such grocessing
throughodt all sub-levels_ inside a decomposition level. To accommodate such processing, a recursive structure |s used for
this procgdure. The parameters necessary for this procedure are shown in Figure F.17 and the new procedufe itself is
diagrammled in Figure F.18.

as( ap )

a4y
MOD 2D SR >
o UpVp Yy - = 4

T.801(21)_FF.17

Figure F.17 — Parameters for the MOD_2D_SR procedure
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JtJa,) -1

a,=MOD_2D_INTERLEAVE(ag,,, 4y 1y, Vo, V1)

I

/iio No
\l(

b'= Sj(ay)

NO " S(a,) = b}
Yes

A

ap

MOD_2D_SR(ag, ). 1b' %,

1h"x,, th" yy, 1by,)

J=i-1

HorOrient(aSj(ab,) =X Yes
Vit
iNo
a,=HOR_SR(a,, u,, uf,vgv,)
)
Yes

VerOrient(aS],( ap) =X
N2

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

le

<

DONE

T

Figure F.18 — The MOD_2D_SR procedure

F.3.3 Modified 2D_INTERLEAVE procedure

Significarnt changes are also necessary for the 2D_INTERLEAVE procedure. These changes are due to both
processing and disjoint_horizontal/vertical sub-band splits. This procedure is shown in both Figures F.19 and

the latter of/these two figures, this routine now decides which of three lower level procedures shall
wavelet samples. The values of ug, uy, vg and vy in each of these three lower level procedures are thg
and thyq as redefined in clause F.2.4, where ay is the sub-band to be interleaved and eventually recor

shown in
interleave
tbxy, thyg

AS(q,)

@

gt(21)_FF.18

sub-level
F.20. As
De used to
5e of thx,

structed.

Uy, UV, Vy

ay

h

MOD 2D INTERLEAVE —

T.801(21)_FF.19

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

VcrOricnt(aSj( ap)) =X

Yes
AND
HorOricnt(aSj(u 2)=EX i
vj
2D HYINFEREEAY E eyt
No
DONE
HorOrient(aﬁj(”b)) =X Yes
vj i
No a,=2D_V_INTERLEAVE(ag,,) . 1y 1), vy, 1)
a,=2D_H_INTERLEAVE(ag,, . t uy, v V1) DONE
DONE

T.801(21)_FF.20

Figure/F.20 — The MOD_2D_INTERLEAVE procedure

[The 2D_HV_INTEREEAVE procedure

HV_INTERLEAVE) procedure is similar to the 2D_INTERLEAVE procedure from Rec. ITU-
| 5444-1. Usage for this procedure is shown in Figure F.21 and the actual procedure is shown in Figu
as(ah)
a)
Uy ULV V, 2D_HV_INTERLEAVE —
—r rr 1y
T.801(21)_FF.21

[ T.800 |
e F.22.

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

|
v o v
b'=Sy(ay) b'=S8\a)
u=uy2 u=luy2]
v=[vy2] v=[vy21
=r >'
a,(2u, 2v) = aylu, v) a,Qu+1,2v)=a,(u, v)
v v
u=u+1 ue—u+l
No No
Yes Yes
o =luy2] v=v+1 u=luy2] v=v+1
7y 7'y
N Y
° v=[v/2] = No
I'Yes
]
LH 4 HH v
b'=Sy(a,) b'=Sy(a)
u=uy2] u=luy2]
v =Lvy2] v=_Lvy2]
i3 v
ay(2u, 2wk1) = a,(u, v) a,Qu+1,2v+ 1)=a,(u, v)
v v
u=u-+1l u=u+tl
No u>lu/2] No u>lu/2
i‘(es lYes
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 interleave samples in just the horizontal direction.

2D H INTERLEAVE

|
LX v HX ¥
b'=Sy(a,) b'=8,(ay)
U= |—u"/2—\ U= Lu(,/ZJ
V=1, V=",
) ! 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
o =luy2] v=v+] u=luy2] v=y+1
N Yes Ye
0 V>, No = —()ONE )

T.80|(21)_FF.24

Figure F.24 — The 2D_H_INTERLEAVE procedure

F.3.3.3 [The2D_V_INTERLEAVE procedure

The procedure for interleaving samples due to disjoint wavelet processing in just the vertical direction is quite like that
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.
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CIS( ap )

Uy Uy Vy V)

2D_V_INTERLEAVE

ay
E—

T.801(21)_FF.25

Figure F.25 — Parameters for the 2D_V_INTERLEAVE procedure

2D V INT

ERLEAVE

| |
XL > XH *
b'=Sy(ay) b'=5(a,)
u= llo u= H“
v=[v,/21 v=_Lv,/2]
>V =V
ay(u, 2v) = ay(u, v) a(u, 2v + 1) =@, v)
v !
u=u+1 W=u+1
No No
Yes Yes
v=v+1 u=1u, v=v+1
/\ 1
N Y
O vl > Ho - —»(Doje)
T.801(21) FF.26
Figure)F.26 — The 2D_V_INTERLEAVE procedure
F.4 Forward discrete-wavelet transformation for general decompositions (informative)
Similar tg the inverse transformation process, forward wavelet transformation requires changes to only the FDWT,
2D_SD, and 2D_DEINTERLEAVE Rec. ITU-T T.800 | ISO/IEC 15444-1 procedures.
F.4.1 ModifiedFDWT procedure
Like the MOD IDWT procedure the FDWT remains much like that in Rec. ITU-T T.800 | ISO/IEC 154§4-1. The
parametel IUI LIIID }JIUbCUuIC arc DIIUVVII III I_IUUIC l_ Ll Dlllu LI 1T DLIULLUIC UI LIIC PIUL,UUUIC ID DIIUVVII III I_IBUIC = 28

Iix, y)
NL
—
dy() ,

](l
—

ds0)

[S
—

MOD_FDWT

T.801(21)_

ab(xv Yy )

FF.27

Figure F.27 — Parameters for the MOD_FDWT procedure
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MOD_FDWT

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

}

SO. RO=1INIT S R(N,.d(). I 6()

I

lev=1
agy = I(xy)

S ap e 1)) =MOD_2D_SD(az., 1
tR(lev —1)x,, tR{[ev= 1)x,
tR(lev — 1)y iR(lev — 1)y,)

!

lev, =dev + 1

T.801(21)_FF.28

Figure'F.28 — The MOD_FDWT procedure

F.4.2 Modified 2D_SD procedure

Major chgnges are required for 2D_SD from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is pomposed
of operatipns which split ong sub-band into 2 or 4 resulting sub-bands. This procedure shall also handle such grocessing
throughodt all sub-levels_inside a decomposition level. To accommodate such processing, a recursive structure |s used for
this procgdure. The parameters necessary for this procedure are shown in Figure F.29 and the new procedufe itself is
diagrammjed in Figure F.30.

ap

— b
AS(ay)
G TV T, MOD—2D—SD

>

T.801(21)_FF.29

Figure F.29 — Parameters for the MOD_2D_SD procedure
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MOD 2D SD
J=Ja;) -1
VerOrient(ag,,.y) = X
RS
vj No DONE
Yes
b'=S(ay)
Yes
No
=MOD 2B SD(ay,
th' xy, th' x,
a,=HOR_SD(ay, uy, uy, v, V) } by 5’30
*4
k
J=i-1
=MQD_2D DEINTERLEAVE(ay, i, t,, v, v,)
|
I T.401(21)_FF.30
Figure-F.30 — The MOD_2D_SD procedure
F.4.3 Modified 2D_DEINTERLEAVE procedure
Significant changes were alse~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 F.32.]As shown in thé\latter of these two figures, this routine now decides which of three lower level procedures shall
be used tq deinterleav@.wavelet samples. As with the MOD_2D_INTERLEAVE procedure, the values of ug, 1, vg and
vy in each of these(three lower level procedures are those of tbxg, thxy, thyg and thy; as defined in clause F.2.4 for the
sub-band gy, which'is being decomposed/deinterleaved.
gr
— aS(ap)
Uy ULV V, MOD 2D DEINTERLEAVE
—_—>
T.801(21)_FF.31
Figure F.31 — Parameters for the MOD_2D_DEINTERLEAVE procedure
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VcrOricnt(aS}.(ab)) #zX

F.43.1

The 2D_HK
ISO/IEC

Yes
AND
HorOricnt(aSJ.w h))# X i
vj
ﬂl“:ﬂ—) HY DEINTERIFAVE(g, u u v, _v.)
Sty — r—ib——ler—r
No
DONE
Yes

HorOrient(a.Sj(ah)) =X
vj

!

No as(a,) = 2D_V_DEINTERLEAVE(a;, u, uy, vy, v))
dg(a,) = 2D_H_DEINTERLEAVE(a,, u, uy, v, v;) DONE
DONE

T.801(21)_FF.32

Figure 732~ The MOD_2D_DEINTERLEAVE procedure

The 2D_HV_DEINTERLEAVE procedure

{\VV_DEINTERLEAVYE procedure is similar to the 2D_DEINTERLEAVE procedure from Rec. ITU
| 5444-1. Usage for this procedure is shown in Figure F.33 and the actual procedure is shown in Figu

A5(ay)
2D HV DEINTERLEAVE [——*

T.801(21)_FF.33

74

Figure F.33 — Parameters for the 2D_HV_DEINTERLEAVE procedure
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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 the logic in the 2D_HV_DEINTERLEAVE procedure above. The diagram

of this procedure is given in Figures F.35 and F.36.

(how)

T.80|(21)_FF.36

2D H DEINTERLEAVE
I
| |
LX Y HX y
b'=Sy(ay) b'=8,(dy)
u=uy2] u5tu/2]
V=, V=",
i 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
o =luy2] v=v+] u=luy2] v=y+1
No b, Yes No Yes
Figure F.36 — The 2D_H_DEINTERLEAVE procedure
F.4.3.3 [The2D V_DEINTERI EAVE procedure

The procedure for deinterleaving samples due to disjoint wavelet processing in just the vertical direction is quite like 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.

76

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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Figure F.38 — The 2DXV_DEINTERLEAVE procedure
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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 (see Rec.
ITU-T T.800TSO/TET I5444-T) the ID_SR_VVS procedure and the ID_SD_VVS procedure Tor whole-sample 3ymmetric
(WS) wayelet transformations.

G.1 \Wavelet transformation parameters, definitions and normalizations

Table G.1 lists the parameters used in the wavelet transformations that are signalled in the cadéstream. Signalling for
these pargmeters is defined in the ATK marker segment (see clause A.3.5).

Table G.1 — Parameters for wavelet transformations

Parametgr tag Meaning Value(s)
Coeff_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 (WWS)
WT_Typ Wavelet transformation type irreversible (IRR)
reversible (REV)
Minit Update characteristic of first reconstruction lifting step even-subsequence update (0)
odd-subsequence update (1)
Nis Number of lifting steps 8-bit unsigned integer
€ Base-2 scaling exponent for lifting step s 8-bit unsigned integer:
(reversible transfermations only) defined for 0 <s<Nig
Bs Additive residue for lifting step s Coeff_Typ:
(reversible.transformations only) defined for 0 <s<Nig
K Scaling factor Coeff_Typ
(irreversible transformations only)
L Number of lifting coefficients for lifting step s 8-bit unsigned integer:
defined for 0 <s < Nig
Ol kth lifting coefficient for lifting step s Coeff_Typ:
defined for 0 <s<Ng
0<k< LS

G.2 Whole-sample symmetric (WS) wavelet transformations reconstruction

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 as y 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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Define parameters Bg recursively:

B =DsBs_1 +B;_,, fors=0toN;¢-1

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

G.211

Normalization of reversible wavelet transformation

:2023 (E)

(G-1)

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

BNLs—2 =1 if my;; =1 or

BNLS_l =1 if Minit = 0

G.2.1.2

For irreve
one of thd

G.22

The one-g
steps, wh
samples W

G.221

As illustrg
and highp
inarray Y|

For signa

integer, and to X(ip) = Y(ig)f2 if iy is an odd integer.

For signa
applies th

NOTTTallZation or Irreversiole Wavelet transtormation

rsible wavelet transformations (WT_Typ = IRR), the parameters By and the scaling parameter;~K.,sh
following conditions:

BNLs—Z =K if my,; =1, or

BNLS_1 =K if Minit = 0

One-dimensional sub-band reconstruction procedure for WS wavelet transformations

ch alternately modify odd-indexed samples with a weighted sum of-even-indexed samples and eve
ith a weighted sum of odd-indexed samples.

[The 1D_SR_WS procedure

ted in Figure G.1, the 1D_SR_WS procedure takes as input'a one-dimensional array, Y, of interleave
ass coefficients, the index i of the first sample in arrayY, the index iy of the sample following the |

It produces as output an array, X, with the same indices (ig, i7).
Y
R
iy i) ID_SR_WS X,
T.801(21)_FG.1

Figure G,1I'>Parameters of the 1D_SR_WS procedures

5 of length one (i.e.,dg=11 — 1), the 1D_SR_WS procedure sets the value of X(ig) to X(ig) = Y(ip) if ig

s of length greater than or equal to two (i.e., ig < iy — 1), as illustrated in Figure G.2, the 1D_SR_WS
b 1D_FIL(TR™ WS procedure to Y to produce the reconstructed signal, X.

all satisfy

imensional sub-band reconstruction (1D_SR_WS) procedure is implemented as a sequence of primifive lifting

h-indexed

d lowpass
st sample

is an even

procedure

[ IDSRwS |

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 shown in Figure G.3, the input parameters to procedure 1D_FILTR_WS are V, ig, i1, N.s, and a , Bs, €s, Ls for s = 0,
1,2,...,Nis—=landk=0.1.2 L1

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

Figure G.3 — Parameters of the 1D_FILTR_WS procedure

The 1D_RILTR_WS procedure starts with the following N s lifting steps, wheresthe variable s decreases from N s — 1 to
zero (for=N;s—1,Ns—-2,..,1,0):

(510 as e (V(PSEg (2n+ms—(2k+1)J4V (PSEg (2n+mg+(2k+1))) )} +Bs

2€s

V(2n +mg) =V(2n +my) —

(G-2)

where mf . = m,;; and m; = 1 —mg,, indicates whetherthe sth lifting step updates even-indexed cgefficients

(ms = 0) dr odd-indexed coefficients (mg = 1), where Lg is the.number of lifting coefficients for lifting step s, §nd where
the range pf n is defined by ig < 2n + mg < iy.

The values 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| The irreversible one-dimensionalreconstruction (1D_FILTR_WS) procedure

As shownin Figure G.4, the input parameters to procedure 1D_FILTR_WS are V, ig, i1, K, Ni.s, and ag, Ls fgrs =0, 1,
2,..,N d-1andk=0,1,2,.., Ly L

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

Figure G.4 — Parameters of the 1D_FILTR_WS procedure

The 1D_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)

sample in F an array,
Y, of inteffleaved lowpass and highpass coefficients, with the same indices (ig, i7).
X
Gy i) ID_SD_WS -,
T.801(21)_FG.5

Figure G.5 — Parameters of the 1D_SD_WS procedure

For signals of length one (i.e., ig = i1 — 1), the 1D_SD_WS procedure sets the walte of Y(ig) to Y(ip) = X(ip) if ig[is an even
integer, and to Y(ig) = 2X(ig) if ig is an odd integer.

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

IDUSD 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 fo applying
the 1D_FILTD_WS procedure. Instead, a procedure equivalent to the extension procedure is included in the 1D_FILTD_WS
procedure.

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
ap By EL, 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 s = 0):

1o s (V(PSEQ(2n+ms—(2k+1)))+V (PSEg (2n+mg+(2k+1)))) )} +Bs

<

V2n+m,) =V(@2n+m,) + |(Z (G-8)
[

1
where mf . = m,;, and my = 1 —mg_, indicates whether the sth lifting step updates even-indexed. cgefficients
(mg = 0) dr odd-indexed coefficients (mg = 1), where Ls is the number of lifting coefficients for lifting stép s, and where
the range pf n is defined by ig < 2n + mg < iy.
The valugs W(k) = V(k) form the output W(k) of the 1D_FILTD_WS procedure. The output valtes are the values in the
range ip 4k <iy.

G.3.2.2 [Theirreversible one-dimensional decomposition procedure (1D_FILTD "WS) (informative)

As shown] in Figure G.8, the input parameters to the irreversible version of praCedure 1D _FILTD_WS are \} ig, iy, K,
Nis, and ¢, Ls forfors=0,1,2,...,Nis—1andk=0,1,2, ..., Ls—1.

Vi iy, K, N
W
oLy 1D_FILTD WS —
T.801(21)_FG.8

Figure G.8 — Parameters of-the 1D_FILTD_WS procedure

The 1D_RILTD_WS procedure performs the following N g lifting steps (fors=10, 1, ..., N s — 1, starting with s = 0):
V(2n+mg) = V(2n +myg) + (355! ag oV (PSEg(2n + mg — (2k + 1)) + V(PSEo(2n + mg + (2k + 1)))))
(G-9)

where mf . =mgu,;, and mg = 1.—m,_, indicates whether the st lifting step updates even-indexed coefficients

(ms = 0) dr odd-indexed coefficignts (mg = 1), where Lg is the number of lifting coefficients for lifting step s, and where
the range pf n is defined by(ig <2n + mg < iy.

The 1D_HILTD_WS procedure ends with two scaling steps:
V(2n) = (1/K) - V(2n)foriy, < 2n < i; (G-10)
andV(2n+1) =K -V(2n+ Dforig <2n+1<1i; (G-11)

The valuss. \I\I(I{) = \I(I{) form the nllfpllf \I\I(I{) of the ’Ih_l:ll Th_\I\IQ prnr'adllrn The ol |1'p| itvalues are the values in the
range ip < k <.

G4 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)

Typical values for the Bs parameter are 281,
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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
Nis 2

Ls 1,1
Olg k 0,0 = -1
OL:|_Y 0= 1

€ 1,2

Bs 1,2

The first decomposition step (s = 0) is specified with negative lifting coefficients and an_additive residue
apparent difference with the Rec. ITU-T T.800 | ISO/IEC 15444-1 definition is necessitated by the fact that deco
updates dre systematically added to the input vector by the procedures of this.annex whereas the first
decompodition lifting step in the definition of Rec. ITU-T T.800 | ISO/IEC 15444-1clause F.4.8.1, subtracts

bf 1. This
mposition
reversible
ts update.

The correpponding reconstruction lifting steps also differ in the sign of their updates. The transformation specifiied by the

above parpmeter values is, however, mathematically equivalent to the Rec. ITU-T T.800 | ISO/IEC 15444-1 de

the reversjble 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 ttansformation.

Table G.3 — Parameters of the 18=7reversible wavelet transformation

Parameter Value(s)
Minit 0
Nis 2
ks 2,2
Ol k op, k= -9,1
o1 k=5-1
€ 4,4
Bs 8,8
G.4.2  |Irreversible WS wavelet transformations (WT_Typ = IRR) (informative)
G421

Irreversible 5-3 wavelet transformation (informative)

finition of

Table G.4 shows the parameters for the irreversible version of the Rec. ITU-T T.800 | ISO/IEC 15444-1 reversible 5-3

wavelet transformation specified in clause G.4.1.1:
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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
A1,0 = )
K 1

44-1; the
T T.800 |
5.6 can be

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 1,11
2
Q‘S,k = —
%00 =75
175
%10 = " 406
609
%20 = 2500
K 116
100
G.4.2.3 |Irreversible 9-7 wavelet transfermation (informative)
This is the default irreversible wayelet transformation specified in Rec. ITU-T T.800 | ISO/IEC 154
transformption specified by the following parameter values is mathematically equivalent to the Rec. ITUA
ISO/IEC 15444-1 transformation. Exact expressions for the values given by decimal approximations in Table (
found in Annex F of Rec. ITU-T) T.800 | ISO/IEC 15444-1.
Table G.6 — Parameters of the irreversible 9-7 wavelet transformation
Parameter Value(s)
Minit 0
N g a4
Ls 1,1,1,1
Ol k 0, o = —1.586 134 342 059 924
aq, o =-0.052 980 118 572 961
o o= 0.882 911 075 530 934
o3 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
implementations shall duplicate.

This annex specifies an extension of the one-dimensional sub-band reconstruction procedure 1D_SR specified in Rec.

ITU-TT.

rocedure

00 | ISO/IEC 15444-1 _The internal structure of this extension differs from the internal structure of

1D SR irf Rec. ITU-T T.800 | ISO/IEC 15444-1 because of the greater generality of this annex. The proced
annex, 10 _SR_ARB, is specified as a sequence of lifting steps, each of which involves a signal extension opefation and
an updatg operation. A scaling operation is performed in the case of irreversible wavelet transformations.

specified

H.1

Table G.]

paramete

vhereby an implementation may use wavelet transformations signalled in the codestream by, the enc

\Wavelet transformation parameters and normalizations

the ATK marker segment that are used exclusively in this annex.

Table H.1 — Additional parameters for arbitrary wavelet transformations

ire in this

Syntax is
dder.

lists filter parameters for wavelet transformations that are signalled in the-codestream. Signalling for these
5 is included in the ATK marker segment (see clause A.3.5). Table H.1 lists,additional parameters contained in

Paranjeter tag Meaning Value(s)
Exten Boundary extension method used in lifting steps constant (CON)
whole-sample symmetric (WWS)
off Offset for lifting step s 8-bit signed integer:
defined for 0 <s < Nig
H.1.1  |Normalization of ARB wavelet transformations
The procqdures specified in this clause apply only in the case of ATK marker segment for which Filt_Cat =|ARB. The

parameter

the case off reversible transformations). This'parameter is redefined in this annex as follows:

The norm

H.1.2

The transf
produced
produced

Dy = Ny a1 ifWT_Typ = IRR
1 Ls=1.
Dy = ZTsZk=o ifWT_Typ = REV
plization requirements in clause G.2.1 remain as specified, using the above redefinition of D.

Compatibility of ARB and WS wavelet transformations

by the-procedures in Annex G using an ATK marker segment specifying Filt_Cat = WS is equal to

D; defined in clause G.2.1 represents the sum of the lifting coefficients for step s, 0 <'s < N g (noralized in

ormations defined in this annex constitute an extension of the transformations defined in Annex G. The output

the output

hy~the procedures in this annex if the ATK marker segment is interpreted hy setting the extension

option to

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

H.2

1) Duplicate the sequence of lifting coefficients: define a4, = @z, 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.

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).

Y iy i
X
WT Tip 1D _SR_ARB(Y) —»
TEOT2T) P

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

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

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

applies a pcaling step in the case of irreversible transformations (WT_Typ = IRR).and then applies a sequencq of lifting
steps, def|ned by the parameters from Tables G.1 and H.1, to produce the recenstructed signal, X. The variablg s, which

indexes tHe lifting steps, decreases from N_s — 1 to zero in the reconstruction process.
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ID_SR_ARB(Y)
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WT Tip = REV?

Yiy) = Y(i)/2
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H.2.2

As shown

iNo

1D_SCALER(Y)

i.i

§=N;¢1
m.=m

5 init

aY

s<0?

No

ID_STEPR(s,Y)

I

mg = I=m
s=s5—1

NS

[The 1D-SCALER procedure

A

return X =Y

Figure H.2 — Extended procedure 1D_SR_ARB

T.801(21)_FH.2

indFigare H.3, procedure 1D_SCALER applies a scaling procedure to interleaved input vector V using signalled

paramete
used only

in irreversible transformations.

Kfrom-Table G 1 and produces-an-undated-version-of vector \with-the same indices-(is-is)—Thisprbcedure is
L Lad \UTTL7 Lad

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 Y
——————p
TB01(21)_FH4

Figure H.4 — Parameters of the 1D_STEPR procedure

Procedurd 1D_STEPR applies an extension procedure, determined by the Exten parameter'to the input, V. This is
followed py a reconstruction update filtering procedure, determined by the WT_Typ parameter, as seen in F|gure H.5.
Only ong of the two subsequences of V (the even- or the odd-indexed subsequence) is updated on gach pass
through 1p_STEPR.

ID STEPR(s, V)

v

ext

V., =1D_EXT WS(¥)

ID _EXT CON(V)

D UPDATER_IRR(s, V,,, V) WT _Typ = REV? ID_UPDATER REV(s, ¥, |

Done

T801(41)_FH.5

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: mg = 0 mg 5 1
i1 even 2(Lg— 1 + offy) =1 #2(K — 1 + offy)
i, odd 1+ 2(Lg—1 + offy) A2+ 2(Ls -1 + offy)

H.2.42 D _EXT_WS procedure

As showr] in Figure H.6, the 1D_EXT_WS procedure accepts as input.a vector V supported on an interval (jo, i1) and
outputs alvector Vey: supported on a larger interval containing valdes of i beyond the range ig < i < i;. Excgpt for the
minimumjextension lengths, ijeft and irignt (specified above in clause H.2.4.1), this procedure is identical to the ID_EXTR

procedurd defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause F.3.7. This procedure does not modify its input vector,
V.

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 [LD_EXT_CON procedure

As shown in Figure H.7, the 1D _EXT_CON procedure accepts as input a vector V supported on an interval (ig, i1) and
outputs alvector Vey: sipported 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 procgdure deesnot modify its input vector, V.

i 4 I~
— T 1 1D _EXT CON = »
T.801(21)_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:

H.2.5

Two recop

Vext (lg = 2k) =V (i)
Vext(lg + 1 —2k) =V (ip +1)
Vert (i1 — 1+ 2k) =V(i; — 1)
Vext(ih — 2+ 2k) =V (iy — 2)

One-dimensional reconstruction update filtering procedures

ER_REV)

and one fpr irreversible transformatlons (1D_ UPDATER _IRR). Reconstruction steps are defined recurswel) as even-
subsequence updates (mg = 0) or odd-subsequence updates (ms = 1), beginning with step number N s —, whgse update

characteri

take as ipput an interleaved input vector V and produce as output an updated version of vector'V with

indices (i

H.25.1

Procedurs
sum of sal

7).

Reversible one-dimensional reconstruction update (1D_UPDATER_REV) procedure

shows the input parameters to procedure 1D_UPDATER_REV.

V’ I.[l’ f]’ V;‘.\'f
fom, L
_Aem L, ID_UPDATER-RBV 7,
a.v.k’ BA’ £
T.801(21)_FH.8

Figure H.8 — Parameters of the'lD_UPDATER_REYV procedure

The 1D_UWPDATER_REV procedure performs_the following update filtering operation:

forallns

H.25.2

of sample

(392" s i Vext(2n+ 1-mg+2(k+0f £5)))+Ps

Stic is signalled in Table G.1 by the mjy;; parameter, and recursing downward: mg_; = 1 — ms..Both grocedures

the same

1D_UPDATER_REV maodifies either the even- or the odd-indexed subsequence in vector V by a weighted
mples from the extended sequence, Veyt, after applying a rounding operation to the weighted sum. Higure H.8

V(2n + mg) = V(2n + mg)-== Y (H-3)
ich that ig < 2n + mg<lip
Irreversible one-dimensional reconstruction update (1D_UPDATER_IRR) procedure
Procedurd 1D_UPDAFER_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
5 from the.extended sequence, Vey:. Figure H.9 shows the input parameters to procedure 1D_UPDATER_IRR.
V’ i[)’ i]’ V('\'r
_ Aem Ly ] ID_UPDATER_IRR -,
U’.\ k
—”
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)

for all 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,

74

For signa
even integ

For signal
applies a
of irrever
lifting ste

WT Typ

TD_SD_ARB

L

——»

T.801(21)_FH.10

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

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

5 of length greater than or equal to two (i.e., ig <iy — 1), as illustrated in Figure H.11, the 1D_SD_ARB
equence of lifting steps, defined by the parameters from Table H.1,-and then applies a scaling step i
ible transformations (WT_Typ = IRR) to produce the decomposed.signal, Y. The variable s, which indexes the
s, increases from zero to Ni_s — 1 in the decomposition process.

ifig isan

procedure
h the case
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ID_SD_ARB(X)

Yes > i, even? Yes
No
s=0 X)) = 2X(i,)
N
1D STEPD(s, X)
My =1 —m, ID SCALEDE)
s =s+1
Iy Y y
*ﬂ
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 Rigure H.12, procedure 1D_STEPD applies one decomposition lifting step to input vector V and produces
an updatef version of vector V with the same indices (i, i1).

V iy i)
4
s, Exten, WT Typ ID_STEPD v,
—7’
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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Ve = ID_EXT_CON(¥) V.. =1D EXT WS(V)

ext

D UPDATER IRRG, V., V) | — O WT Typ=REV? X | | 1D UPDATER REV(, K ¥

xr

H.3.3

The exter
specified

H.3.4

Two decd
and one f

subsequence updates (mg = 0) or odd-subsequence-updates (ms = 1). Both procedures take as input a vector V an

as output

H.3.4.1

Procedurg
sum of sa

shows the

Done

T.801(2

Figure H.13 — Procedure 1D_STERD

Extension procedures (informative)

sion procedures 1D_EXT_CON and 1D_EXT_WS shown in Figure H.13 are identical to the p
n clause H.2.4, including the specifications of minimim extension lengths.

One-dimensional decomposition update procedures (informative)

mposition update filtering procedures are defined, one for reversible transformations (1D_UPDAT
Dr irreversible transformations (1D_UPDATED_IRR). Decomposition steps are defined recursively

hn updated version of vector V with<he same indices (i, i1).

Reversible one-dimensional‘decomposition update (1D_UPDATED_REV) procedure (informa

)_FH.13

rocedures

FD_REV)
as even-
d produce

ive)

weighted
pure H.14

1D_UPDATED_REV modifies either the even- or the odd-indexed subsequence in vector V by a
mples from the extended.sequence, Ve, after applying a rounding operation to the weighted sum. Fi
input parameters to'procedure 1D_UPDATED_REV.
V’ ili' il’ VL’XF
ol 1y L ID_UPDATED REV AN
us.k’ B 5 &,
T.801(21)_FH.14

Figure H.14 — Parameters of the 1D_UPDATED_REYV procedure

The 1D_UPDATED_REYV procedure performs the following update filtering operation:

(ZiS:T)l as,k'Vext(2n+1_ms+2(k+0ffs)))+ﬁs

2&s

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

for all n such that ig < 2n + mg < iy.
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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 1D_UWPDATED_IRR procedure performs the following update filtering operation:

forallns

H.3.5

As shown in Figure H.16, procedure 1D_SCALED applies a scaling procedurestd interleaved input vecto

signalled

procedurd is used only in irreversible transformations.

The 1D_§

H.4

Exampleg

and H.1. Parameters thatioccur in sequences (e.g., Lg, =0, ..., N g — 1) are enumerated in order of increasing

H.4.1
All of the

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

V2n+mg) =VEen+mg) + X agp - Veee2n+ 1 —mg + 2(k + of £;))

ch that ig < 2n + mg < iy.

1D _SCALED procedure (informative)

parameter K from Table H.1 and produces an updated version of vectoryV with the same indices (ig

Vi, i,
X ID_SCALED SN
S
T.801(21)_FH.16

Figure H.16 — Parameters ofthe 1D_SCALED procedure

CALED procedure performs the following scaling operations:

V2n)'= (%) -V(@2n)for iy <2n<i

andV(2n+ 1) SKV(Q@2n+ 1) for ip<2n+1<i

Examples of ARB-wavelet transformations (informative)

of optional wavelettransformations are specified in terms of their signalled parameters, as listed in T

Examples-of arbitrary wavelet transformations (Filt_Cat = ARB) (informative)

(H-6)

r V using
, i1). This

(H-7)
(H-8)

ables G.1
index.

the type K

nowh as "half-sample symmetric". The equivalent convolutional filters have even-length impulse

with symmetric lowpass impulse responses and antisymmetric highpass impulse responses.

H4.11

H411.1

Reversible ARB wavelet transformations (WT_Typ = REV) (informative)

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.

94

example wavelet transformations presented in this clause are based on linear phase wavelet transforrrations of

esponses,
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H.4.1.2.1 Irreversible 6-10 wavelet transformation (informative)

ISO/IEC 15444-2:2023 (E)

Table H.4 — Parameters of the reversible Haar 2-2 wavelet transformation

Parameter Value(s)
Minit
NLs
Ls 1,1
Ols k 0, 0= -1
ag0=1
&g 0,1
s 0.1
Exten CON
offg 0,0

Reversible 2-6 wavelet transformation (informative)

Table H.5 — Parameters of the reversible 2-6 wavelet transformation

Parameter Value(s)
Minit 1
Nis 3

Ls 1,13

Qs k ag0=-1
ag0=1

ar=10-1
€ 0,12
Bs 0,1,2
Exten CON
offg 0,0,-1

Reversible 2-10 wavelet transformation (informative)

TableH.6 — Parameters of the reversible 2-10 wavelet transformation

Parameter Value(s)
Minit
Nis
L 115
Qs k ag,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
a; 0= 1586 134 342 06
oy k= —0,460 348 209 828,
U,40U 940 ZUY 0Z0
a3 0 = 0,25
o4 k= 0374 213 867 768,
-0,374 213 867 768
os k= -1,336 134 342 , 06
ag k= 0,293 067 171\ 03,
0,
-0,293 067 171 03
K 1
Exten WS
off 0,0,06=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
Ogk 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
a5 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
j=0

l

Y, Yyt = Vo1 — R - (}"2n+17m,,)

(Initializations)

(high-pass lifting step)

Yes

No
tlow-pass lifting step)

n, Yo = VYo — R- (U'OJ ) J"Znﬂn,‘) (high.pass ||ft|ng Step)

VR, Yy = Vo — R (.Bu,," (V2 = V2ur2))
J=itl

my; = -1,

|
v

I
2B (low-pass lifting step)
R, ¥y, = oy BRE(Y - Vo)

l

k=lk+1
N
Y

sz—lfl
¥n, v, =, + R Z O 1 * et g = Vawr1iz) (low-pass lifting step)
Jj=0

L1
Y, Yoy = V2, TR Z Oag = (angj = Vo)) (high-pass lifting step)
i=0

l

k=k+1

T.801(21)_FH.17

Figure H.17 — Lifting implementation for forward half-sample symmetric wavelet transformations

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 97


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

ISO/IEC

15444-2:2023 (E)

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/IEC 15444-1 as well as an extension to Annex G that can be used alone or in conjunction with any of the other
extensions in this Recommendation | International Standard. The capabilities of the codestream are defined by the SIZ
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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)

er of precincts which span the tile-component at resolution level, r, is given by:

trxq —zx] ltrxo—zx

; : trx\>"trx
numprecinctswide = ([ 2PPx 2PPx J ’ ) 0

0, otherwise

tryl—zy] ltryo—zyJ

. . — y try, > tr
numprecinctshigh = ([ 2PPY 2PBY Y1 Yo
0, etherwise

quations I-1 and 1-2 indicate that both numprecinctswide and numprecinctshigh are nonzero, sor
may still be empty as explained below. The precinct index runs from 0 to numprecincts — 1 where nun
Cinctswide - numprecinctshigh in raster order (see Figure 1.1). This index is used in determining th
e, in the codestream, of packets correspondingda-each precinct, as explained in Rec. ITU-T T.800
Clause B.12.

on element associated with integers m andn has a corresponding precinct within the codestream, hav
wer-right corners (px,, pyo) and (px— 1, py,— 1)given by the following equations, whenever px; 3

D-
pxo = max{trx,, z, + m - 2FF*}

pYo = max{try,, z, +n - 2°Fv}
px; = min{trx,, z, + (m + 1) - 2FP*}
py, = min{try,, z, + (n + 1) - 2PV}
0, tryo, tr¥, and try,; are defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-14.

nct maps-into the three sub-bands (N —r + 1)HL, (N, —r + 1)LH and (N —r + 1)HH with upper-left 4
ers (Pxo, pyo) and (pbxy — 1, pbyy — 1) where:

(I-1)

(I-2)

he, or all,
precincts
b order of
ISO/IEC

ng upper-
> px, and

nd lower-

Xo0—XO0
pbx() — |p 02 b

+ (1 —x0p)z,
pbyo = [P222%2| + (1 - yo,)z,
pbx; = [miﬁl + (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.

(1-3)
(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 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.

’éﬂ “‘;ﬂ
< " i
e ! = 5
. + + + +
. N s s S8 IS
B ] S - T — S — R — R — ine
Y K i : s s 1
L Pl N— / / / /L ____________ 3O L]l Subbandb
' ! : / | R . ih tile
Z,+(n+2 2 : /// / f///// : E : 1)
Sub-band p : i // : : :
in tile i /) - / ! i | bub-band
B e 7 S e - ST ot
" o IN\Y \\\\\\\\\\\\\ \\\\\\\\\\\\\ ARN I 5 %
(tbx,, thyf) i \\ \ \\ i i < :Y ode-block
Sub-bandp | 1%\ %:L ------------ i““‘ _________ IL“"""“ e
in tilk S NNV : ; 1 frecinct
(g.v+ 1) ! \ \\ \\\\\\ i ! |
\(tbxl—l, thy,—1) T.801(21)_FI.2
Figure 1.2 — Codeblocks and precincts in sub-band b from four different tiles

1.2.3 Resolution level-position-component-layer progression
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 - z,) divisible byYRsiz (i) - 2PPY-D*NLO-T) OR ((y = tyg) AND ((try, — z,) - 2M:®~" NOT
divisible by 2PPY("D+NL{D-TY)

if ((x— 2 divisible byXRsiz(i) - 2°P0*4.0=") OR ((x = tg) AND (7 — 2,) - 2VO" NOT
divisible by 2PPX(rO+NL(D-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.
In the above, k can be obtained from:

| xogx | /| Yy | 3\
| IxRsiz@)2NL—1 trxg—2zy . . . YRsiz(i)-2NL™1 tryo—2zy
o = { 2PPX(rD) ] - lZPPx(r,i)J + numprecinctswide(r, i) - Kl 2PPy(T,D) ~ |2PPymD (1-7)

1.2.4 Position-component-resolution level-layer progression
This clauge replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.4.

Position-qgomponent-resolution level-layer progression is defined as the interleaving of thejpackets in the follow

ing order:
forea¢h y = tyg, ..., ty1—1,

fof each x = txg, ... , tX1-1,
foreachi=0, ..., Csiz-1
foreach r =0, ..., N_where N is the number of decomposition levels for component i,

if (v — zy) divisible by YRsiz(i) - 2PPYTD+NL @5 OR ((y = tyg) AND ((try, — z,) - 2149~ NOT
divisible by 2PPY(hD+NL(D-Ty)

if (x —zy) divisible by XRsiz(i) - 2PP¥T:O+NLO-T) OR ((x = txg) AND ((trx, — z,) - 2V[9=" NOT
divisible by 2PPX(rD+NL({H-TY))
for the next precinct, k, if apg'exists, in the sequence shown in Figure 1.1
foreach1=0, ..., k1

packet for ebmponent i, resolution level r, layer I, and precinct k.

In the abolve, k can be obtained from Equation I-7. To use this progression, XRsiz and YRsiz values shall be powfers of two

for each cpmponent. A progression of this type might be useful in providing high sample accuracy for a particylar spatial
location in all components.

1.2.5 Component-position-resolution level-layer progression

This clauge replaces Recx1TU-T T.800 | ISO/IEC 15444-1, clause B.12.1.5.

Component-position=resolution level-layer progression is defined as the interleaving of the packets in the follow

ing order:
for ea¢h j=0] ..., Csiz—1

forleagh\—tv E AV |
J JUY Tty R L 7

for each x = txg, ..., tX1—1,

foreach r =0, ..., N where N is the number of decomposition levels for component i,

if ((y — 2y) divisible by YRsiz (i) - 2PPY"D+NLOT) OR ((y = tyg) AND ((try, — z,) - 2V~ NOT
divisible by 2PPY(rO+NL()-T))

if ((x— 20 divisible by XRsiz(i) - 2"P*"0*M.0-T) OR ((x = txg) AND (£ — z,) - 2V1O~" NOT
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 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 parti

1.2.6

cular spatial location in a particular image component.

Position-resolution level-component-layer progression

This 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,

foreach r =0, ..., N where N is the number of decomposition levels for component i,

In the abo
for each ¢

1.3

This claug
COD and
The paran

1.3.1

The selec
G.2.2.2(t
procedurg
HOR_SR

1.3.1.1

The IDW
decompog
given in t
performeg
2D_SR_S
band doL

foreach1=0, ..., Csiz—1
if ((y — zy) divisible by YRsiz(i) - 2PPYTD+NLO-T) OR ((y = tyg) AND ((try, — z, 2"t
divisible by 2PPY(mO+NL(D-TY)
if (x —zy) divisible by XRsiz(i) - 2PP*MD*+NLO-T) OR ((x = txg) AND ((trxXg— z,) - 2Nt
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.

Ve, k can be obtained from Equation 1-7. To use this progression, XRsiz and YRsiz values shall be pow
pomponent.

The SSO extension

e applies only if the SSO extension is selected. Thekselection of the SSO extension is signalled in the
COC markers (see clause A.2.3) and is only applicable to WS wavelet transformations (i.e., Filt_C
heters relevant to the SSO extension XC, YC aresignalled in the COD and COC extended marker seg

Single sample overlap inverse discrete.wavelet transformation (SSO-IDWT)

ion of the SSO extension requires a modification of the 1D_FILTR_WS filtering procedure describeg
e 1D_FILTR_SSO procedure), asiweéll as a modification of the IDWT, 2D_SR,HOR_SR, VER_SR a
s described in Rec. ITU-T\‘D.8B00 | ISO/IEC 15444-1, Clause F.3: the IDWT_SSO, 2D |
| SSO, VER_SR_SSO and XD) SR_SSO procedures. These modifications are specified in this clause

[The IDWT_SSO proeedure

ition level) to.Np, -of the variable XCy, to XC /2Nt and of the variable YCy, to YC/2Nt, where XC 4
he COD/C@EC-marker, in the SSO offset portion. The 2D_SR_SSO procedure (described in clause

at every_level lev, where the level lev decreases at each iteration, until iterations are perfor|
SO procedure is iterated over the levLL, levLX or levXL sub-band produced at each iteration. Finally
(udsVoLL) is the output array I(x, y).

DT NOT

D=1 NOT

ers of two

extended
at = WS).
ment.

in clause
nd 1D_SR
SR_SSO,

T_SSO procedurée (itlustrated in Figure 1.3) starts with the initialization of the variable lev (the current

nd YC are
1.3.1.2) is
med. The
, the sub-
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IDWT_SSO

ISO/IEC 15444-2:2

lev=N,
XCy = XC/2NL

V], r
YCy, = YC/2M

Done

|

AV

A\ 4

lev =10

No

TCS

A 4

1(x, y) = 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 2D_$R_SSO procedure is identical to the 2D_SR procedure described in Rec. ITU-T T.800 | ISO/IEC
clause F.3.2, except for the addition of the parameters XCey, YCjey (See Figure 1.4), which are respectively u
HOR_SR[SSO and VER_SR_SSO procedures™(see 1.3.1.3 and 1.3.1.4). The 2D_SR_SSO procedure
2D_INTHRLEAVE procedure specified in Réc:ITU-T T.800 | ISO/IEC 15444-1.

Figure 1.3 — The IDWT.SSO Procedure

T.801(21)_F1.3

023 (E)

15444-1,
ed by the
uses the
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2D SR_SSO

a=2D_INTERLEAVE(a,,,,;. @ Qo Qperirs too Ui Vor V1)

|

a=HOR SR SSO(a. uy, u,, v,.v,. XC, )

1.3.1.3 [The HOR_SR_SSO procedure

The HOR
clause F.3

1.3.1.4

The VER
clause F.3

1.3.1.5

The 1D_{§
clause F.3
replacemg
parameter

1.3.1.6

The 1D_R
and outpu

|

Aoy 1y = VER_SR_SSO(a, uy, uy, vy, v, YC,,)

T.801(21) Fl.4

Figure 1.4 — The 2D_SR_SSO<rocedure

| SR_SSO procedure is identical to the HOR_SR procedure described in Rec. ITU-T T.800 | ISO/IEQ
.4, except for the addition of the parameter XC;which is used by the 1D_SR_SSO procedure (see 1.3

[The VER_SR_SSO procedure

15444-1,
1.5).

Let kg be

104

| SR_SSO procedure is identical to the VER_SR procedure described in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
.5, except for the addition of the parameter yC, which is used by the 1D_SR_SSO procedure (see 1.3]1.5).
[The 1D_SR_SSO procedure
R_SSO procedure is identical to the 1D_SR procedure described in Rec. ITU-T T.800 | ISO/IE(Q 15444-1,
.6, except for the addition of the parameter dC (which is an input to the 1D_FILTR_SSO procedurg) and the
nt of the 1D_FILTR procedure by the 1D _FILTR_SSO procedure (see 1.3.1.6). The parameter dC ig|either the
XC (if called by the HOR_SR_SSO procedure) or the parameter yC (if called by the VER_SR_SSO pfocedure).
The 1D_FHAFR_SSO procedure
ILTR <SSO procedure is a modification of the 1D_FILTR_WS procedure described in clause G.2.2.2.|The input
t parameters of the 1D_FILTR_SSO procedure are given in Figure 1.5.
A
R
wh ID FILTR SSO - r
dC
T.801(21)_F1.5
Figure 1.5 — Parameters of the 1D_FILTR_SSO procedure
defined by:
_ |i -
ko = ch (1-8)
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and N is defined by:

v =] - (-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:
ng = g, Ny, =i — landn, = (ko +p)dC forp=1,...,N,— 1 (1-10)
For an index i<y, define the function PSEq (i) as:
PSEy (i) = PSEo(i,np, sy + 1) (1-11)
where the function PSEq(i, ig, i7) is defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

1.3.1.6.1 | Reversible transformations

This clauge specifies for reversible transformations the modifications of each lifting step s as specified in\Equpation G-2.
The modification of Equation G-2 ensures that each coefficient V(2n + mg) is calculated exclusively fromr-coeffjcients the

indices ofjwhich belong to the same interval 1, as 2n + ms. At each lifting step, all values V(np) for {mglmod(ng, dC) = 0;
p=0,1,.[., N} ifany, remain unmodified, while all other values V(2n + ms) (i.e., for which 20+ mg belongs fo a single
interval 1f) are modified according to Equation 1-12:

(ziigl as i (V(PSEQ p(2n+ms—(2k+1)))+V (PSEq p(2n+ms H2k+ 1)))))+,85

28s

Vin+mg) =V(_2n +my) —

(I-12)

1.3.1.6.2 | Irreversible transformations

This clauge specifies for irreversible transformations the modifications of each lifting step s as specified in Equption G-6.
The scaling steps specified in Equations G-4 and G-5 are not modifiets The modification of Equation G-6 erfsures that
each coefficient V(2n + ms) is calculated exclusively from coefficignts the indices of which belong to the same fnterval I,

as 2n + mi. At each lifting step, all values V(np) for {npimod(n,,dC)=0; p=0, 1, ..., N}, if any, are modified jaccording
to Equatign 1-13:

V(ny) =1/Bs)V(ny) (I-13)

where Bglis defined in Equation G-1, while all othefvalues V(2n + m) (i.e., for which 2n + mg belongs tp a single
interval 14) are modified according to Equation 1-14:

V(2n+ ) = V(2n +mg) — (T35, aspey V(PSEo,(2n + mg — (2k + 1)) + V(PSEo,(2n + mg + 2k {+ 1)))))
(1-14)

1.3.2 Single sample overlap forward discrete wavelet transformation (informative)

The selection of the SSO extepsion requires a modification of the 1D_FILTD_ WS filtering procedure describeq in clause
G.3.2 (thg1D_FILTD_SSO/procedure), as well as a modification of the FDWT, 2D_SD, HOR_SD, VER_SD and 1D_SD
procedurds specified inWRec. ITU-T T.800 | ISO/IEC 15444-1, Clause F.4 (the FDWT_SSO, 2D_[SD_SSO,
HOR_SD| SSO, VERZSD SSO and 1D_SD_SSO). These modified procedures are specified in this clause.

1.3.2.1 [The FBWT_SSO procedure

The FDWTLSSO procedure (illustrated in Figure 1.6) starts with the initialization of the variable lev (tle current
decompoditl i i i
COD/COC marker (see Table A.9). The 2D_SD_SSO procedure (described in clause 1.3.1) is performed at every level
lev, where the level lev increases at each iteration, until N_iterations are performed.
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FDWT_SSO

lev=1
XC, =XC
YC,=YC
ag (i, v) = 1I(u, v)

: N

1.3.2.2

The 2D_.
clause F.4

HOR_SD

1.3.2.3

The HOR
clause F.4

1.3.2.4

The VER
clause F.4

> lev> N, xes » Done

No

(Wievirs Derrii> Cievttis Veritrr) = ZD_SR_SSO(GUE.-- DLL Hos Uy Vs Vs XC,,, YC,,.)

|

XC.’L’\' +1 :XCJ‘:'\'/Q
YCp, = YC,,, /2
lev=lev+1

| T.801(21)_F1.6

Figure 1.6 — The FDWT.SSO procedure

[The 2D_SD_SSO procedure

ED_SSO procedure is identical to 2D_SDiprocedure specified in Rec. ITU-T T.800 | ISO/IEQ
.2, except for the addition of the parametérs XCyey, YCjey (S€€ Figure 1.7), which are respectively u

| SSO and VER_SD_SSO procedures~(see 1.3.2.3 and 1.3.2.4).
The HOR_SD_SSO procedure

| SD_SSO procedure is identical to the HOR_SD procedure specified in Rec. ITU-T T.800 | ISO/IEQ
.4, except for the additien of the parameter XC, which is used by the 1D_SD_SSO procedure (see 1.3
The VER_SD_SSO.procedure

| SD_SSO procedure is identical to the VER_SD procedure specified in Rec. ITU-T T.800 | ISO/IEQ
.3, except for-the addition of the parameter yC, which is used by the 1D_SD_SSO procedure (see 1.3

106
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1).

15444-1,
1).
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2D _SD _SSO

a=VER_SD_SS8O(a,, 11>t 13, Vs V15 YCo,,)

|

a=HOR SD SSO(a, uy, u,, 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«rocedure

1.3.2.5 [The 1D_SD_SSO procedure

The 1D_$D_SSO procedure is identical to the 1D_SD procedure specified in Rec. ITU-T T.800 | ISO/IE(Q 15444-1,
clause F.4.6, except for the addition of the parameter dC(which is an input to the 1D_FILTD_SSO procedurg) and the
replacemgnt of the 1D_FILTD_WS procedure by the 1D “FILTD_SSO procedure (see 1.3.2.6). The parameter d[C is either
the paranjeter xC (if called by the HOR_SD_SSOsprocedure) or the parameter yC (if called by the VER|SD_SSO
procedurd).

1.3.2.6 [The 1D_FILTD_SSO procedure

The 1D_HRILTD_SSO procedure is a medification of the 1D_FILTD_ WS procedure described in clause G.2.2.2 [The input
and output parameters of the 1D_FILTD_SSO procedure are given in Figure 1.8.

1.3.2.6.1 | Reversible transfermations

This clauge specifies for reversible transformations the modifications of each lifting step s as specified in Equption G-8.
The modification of Equation G-8 ensures that each coefficient V(2n + mg) is calculated exclusively from coeffjcients the
indices of| which beleng to the same interval I, as 2n + mg. As a consequence, at each lifting step, all valueg V(np) for
{np|mod(%\xp, dC)=0;p =0, 1, ..., Ny}, if any, remain unmodified, while all other values V(2n + mg) (i.e., for which 2n +

mg belongs to a.unique interval 1p) are modified according to Equation I-15:

slc—1
! (Lk;o U5,k (W (TSEQ,p 2Tt Mg — (2RIt D) )JTV(PSEQ p 2Tt M5 (. nTL})}))TpSJ

28&s

V2n+mg) =V(2n+my) +

(1-15)

1.3.2.6.2 Irreversible transformations

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(ny) = BV (n,) (1-16)

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)))))

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

Figure 1.8 — Parameters of the 1D_FILTD_SSO procedure

(1-17)

1.3.3

The selec
both forw
samples ¢
YC, z4 ang

1.3.31

SSO bloc
block are
of XC (s¢]
column of

1.3.3.2

To maxi
mod(YTsi

To maxirn
YTOsiz =

1.3.4
1.3.4.1

The first [ifting step is:

The secor

Selection of single sample overlap parameters (informative)

ard and inverse: for example, the forward transformation may be applied independently to SSO
tracted from the image tile component. The parameters relevant to the selection of the SSO extensio|
zy (see 1.2.2).

y

Division of image tile components into overlapping SSO blocks (informative)

s are of width XC + 1 and height YC + 1 in the image tile component domain. The first and last row
hlways located at multiples of YC, while the first and last column of a SS@'block are always located af
e Figure H.7). Two neighbouring SSO blocks overlap by either onetrow of samples (vertical neighb

samples (horizontal neighbours), or just one sample (diagonal ngighbours).

Selection of tile parameters (informative)

ize coding efficiency, the following selection of tile patameters is recommended: mod(XTsiz, X
,YC) =0.

nize memory efficiency, the following selectio;of encoding parameters is recommended: XT(
zy.
SSO examples (informative)

Illustration in the case of the 5-3 farward reversible transformation (informative)

Vext(2n)+Vext(2n+2)

Vert (20 + 1) = Ve 20 + 1) — | :

Jforio<2n+1<i1—1

Vet Cn41) =V, 2n+1) = V,,;,2n+ 2) for2n + 1 = i,
and V¢ (2n+1) =V, e Cn+ 1) = Ve (2n) for2n + 1 =iy — 1
d lifting step.is:

ion of the SSO extension enables a low-memory block-based implementation of the wavelét) transfgrmations,

blocks of
h are: XC,

of a SSO
multiples
DUrS), one

) =0 and

Siz = z,

(1-18)
(1-19)
(1-20)
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1.3.4.2
The first |

The secor

1.3.4.3

ISO/IEC 15444-2:2023 (E)

@)
= =
N ) n
E £ E
1 I 1 1 1 1
1 I 1 1 1 1
1 : 1 1 : I_-_
O VR (i I E— N I
: ! T
| i &)
i i e
nYC | i
! !
| !
— T ——
(n+1).YC | T
b i il
1! [ [
¢ g T.801(21)_F1.9

XC+1
Figure 1.9 — Position of SSO blocks

Vext(2n—1)+Vext(2n+1)+2
4

«(2n) =V, (2n) + l J foriy < 2n < i; —1and mod(22n,dC) # 0

Vext(2n+1)+1
2

Vert (20) = Vere(20) + | | for 2n = iy and modg2n;dC) # 0

Vext(2n—-1)+1

Vext(zn) = Vext(zn) + l 2

J for 2n = i; — 1andmod(2n,dC) # 0
and V,,;(2n) = V,,;(2n) formod(2n,dC) =0

Illustration in the case of the 5-3 forward irreversibletransformation (informative)

ifting step is:

Voe(n+1) =V (2n+ 1) — (W) forig<2n+1<i;—1

Vet Cn+ 1) =V, 2n+ 1):&V,,.2n+ 2) for2n + 1 = i,
and Vo, ; 2n+ 1) = Ve + 1) = Vopy(2n) for2n+ 1 =i; — 1
d lifting step is:

Vert (2n) = Veyrr (2n) + (

Vet 2N—1)+Vext(2n+1)
4

) foriy < 2n <i; —1andmod(2n,dC) # 0
Vexe (21) & Vee (2n) + 222 for 201 = iy and mod( 2n, dC) # 0

Vore2n) = Ve (2n) + w for 2n = i; — 1 and mod( 2n,dC) # 0

and & V,,.(2n) = V,,:(2n) formod( 2n,dC) = 0

Illustration in the case of the 9-7 forward irreversible transformation (informative)

The first lifting-step-is:

Vort@n+ 1) = Ve 2n + 1) + a (Ve (20) + Vo (2n + 2)) forip < 2n+1< iy — 1

Vere2n4+1) = Voo n + 1) + 2aV,,,(2n+ 2) for2n+ 1 =i,
and V,,,(2n+ 1) =V, (2n+ 1) + 2aV,,,(2n) for2n+1=i; — 1

The second lifting step is:

Vexe(2n) =

© ISO/IEC 2023 - All rights reserved

Vert (21) + B(Vert(2n — 1) + Ve (2n + 1)) for iy < 2n < i; — 1 andmod( 2n,dC) # 0
Vet (2n) = V,opt 2n) + 28V, (2n + 1) for 2n = iy and mod(2n,dC) # 0
Vere(2n) = V,yt 2n) + 28V, (2n + 1) for 2n = i; — 1 and mod( 2n,dC) # 0
and V,,;(2n) = (1 + 28)V,,:(2n) for mod(2n,dC) = 0

Rec. ITU-T T.801 (V3) (08/2023)
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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 (1-44)
and V., (2n) = <1 +2B(1+2a) + 28 (1 +2y(1+26(1 + 2a)))) V,:(2n) for mod(2n, dC) =0 (1-45)
The scaling steps are the same for all coefficients.
1.4 The TSSO extension
This clauge applies only if the TSSO extension is selected. The selection of the TSSO extension enables the Use of tiles
without any visible artifact at the boundary of tiles. The tiles shall overlap, but by one fow and one column only.
1.4.1 Signalling for the TSSO
The selection of the TSSO extension is signalled in the extended COD andZCOC markers (see clause A.2}3). If the
SSODWT is used with TSSO, then only wavelet transformations (reversible‘or irreversible) which use WS wavglet filters
(i.e., Filt_fcat = WS) may be used.
The pararmeters relevant to the selection of the TSSO extension XJSiz, YTsiz are signalled in the SI1Z extended marker
segments|(see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A:5.1); while the parameters Hovlp and Vovlp arg signalled
in the SSO® parameter of the COD maker (see Table A.11 of A:2)3).
1.4.2 Partitioning of the image into single-sample:éverlapping tiles
The tile partitioning specified in Rec. ITU-T T.800 |4SO/IEC 15444-1 is identical, except for these differenceq.
Equationg 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, qy=max(YTOsiz+ q - YTsiz — (1 — Vovlp),YOsiz) (1-47)
tx1(p, q) = min(XTOsiz+ (p + 1) - XTsiz + Hovlp, Xsiz) (1-48)
tyi(p,q) = min(YTOsiz+ (q+ 1) - YTsiz + Vovlp, Ysiz) (1-49)
Tiles are ¢f width tx;(p, g)—tXo(p, q) = XTsiz + 1 and height ty1(p q) — tyg(p, q) = YTsiz + 1. They overlap by ohe column
and one rgw as showr(in-Figure 1.10 in the case of Hovlp = Vovlp = 0. The parameters Hovlp and Vovlp may hajve a value
of zero or|one.
110 Rec. ITU-T T.801 (V3) (08/2023) © ISO/IEC 2023 - All rights reserved
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The tile p

where Ry

The tiling

Finally, th
1.4.3

Since the
reconstru

If a samp
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| 5 i i
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T.801(21)_FL.10
Figure 1.10 — Tiling of the reference grid diagram

hrameters XTsiz and YTsiz shall satisfy the following equations:
mod( XTsiz, R, - 2V) = 0 and mod( YTsiz, R)-251) = 0
and Ry are the lowest common multiples of sub-sampling factor XRsiz! and YRsiz!.
offsets XTOsiz and YTOsiz shall satisfy the following equatiof:
mod(XTOsiz, R, - 2Vt) = 1 — Hovlp and mod( YTOsiz, R, - 2"t) = 1 — Volvp.
e TSSO extension shall be used for all tile components.

Reconstruction of images samples from recenstructed tiles

reconstructed tiles overlap by one row and ene column with neighbouring tiles, some image sampl
ted separately in two or four different tiles. For any such sample, one shall use the following rule.

e is reconstructed from more than onétile, then the sample used for reconstruction is the sample valu
left if Hovlp = 0 and the sample-value from the tile to the right if Hovlp = 1, the sample value from
Vovip = 0 and the sample value-from the tile to the bottom if Hovlp = 1.

Combining the SSQ:and TSSO extensions (informative)

Itis possile to use the SSO'extension in combination with the TSSO extension. When this occurs, the filtering

described
respectivg
vary base
and YC re]

in clause 1.3 are applied to each overlapped tile separately. When XTsiz and YTsiz are multiples of X
ly, for example XC = XTsiz and YC = YTsiz, the values reconstructed at overlapping tile boundarig

(1-50)

(I-51)

es will be

e from the
the tile to

rocedures
Cand YC
s will not

i upon thetile, so the rule described in clause 1.4.3 is redundant. When XTsiz and YTsiz are not multiples of XC

spectively, then the rule for choosing reconstructed sample values in clause 1.4.3 applies as described.

Furtherm

re,vto improve memory efficiency, the following selection of encoding parameters is reconmended:

XTOsiz =

Zy, YTOSIZ = Zy.
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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 |
International Standard, except those found in Annex B. The capabilities of the codestream are defined by the SIZ marker
segment parameter Rsiz (see clause A.2.1). The DC level shifting of tile-components described in Annex G of Rec. ITU-
T T.800| SO 2= IS ot performed Whenm using any of the muitipte component transformation procedgres in this
annex. Prpcedures exist in this annex that may be used in place of the DC level shifting described in Rec. ATU}T T.800 |
ISO/IEC 15444-1 .

J.1 Introduction to multiple component transformation concepts

This anngx specifies multiple component transformations. The most common multiple-component trangformation
application is the compression of colour images. Standard colour images (RGB) are transformed into a colour ppace that
is more gonducive to spatial compression (i.e., YIQ). This technique can be extehded for images that Have more
components; for example, LANDSAT images have seven components, six of which'are highly correlated. It aJso can be
used for the compression of CMYK images, multiple component medical images{and any other multiple compdnent data.

There areftwo multiple component transformation techniques presented in thisannex. The first is an array-basefl multiple
component transformation which forms linear combinations of componentsito reduce the correlation of each cgmponent.
This trangformation structure permits component prediction transformations such as DPCM, and includes more
complicated transformations such as the Karhunen-Loéve Transformation (KLT). These array-based transformgtions can
be implemented reversibly or irreversibly. The second multiple component transformation technique is a wavglet-based
decorrelafion transformation. The wavelet-based transformation'may also be implemented reversibly or irrevergibly. This
annex prgvides a flexible mechanism to allow these technigues to be used in sequence if desired, e.g., an aifray-based
transformption followed by a wavelet-based transformation. Furthermore, this annex provides mechanisms which allow
components to be re-ordered and grouped into compongnt collections.

Componept collections may be formed to group.together components with similar statistical properties to infprove the
compression efficiency of a multiple componenttransformation. Collections may also be used to reduce the computational
complexity of component transformations by splitting a large component transformation involving many compdnents into
several transformations of smaller dimension. Frequently such splitting may be done with little loss in compression
performarce. Component collections(also allow the application of array-based and wavelet-based transformptions, on
different ¢ollections, within the same.compressed codestream.

It is possiple using the techniques'in this annex to generate more or fewer output (reconstructed image) compopents than
the numbér of components éncoded in the codestream. This allows encoders to transform original image compgnents into
a new dorain and discardthose transformed components containing little or no information prior to the creation of the
compress¢d codestream:” The encoder can nevertheless instruct a decoder on the proper way to regenerate an
approximption to the original components given only the reduced set of codestream components. An encoderl may also
use the multiple ‘component transformation processes to provide such functionality as generation of pseudotcolour or
grayscale reqdditions of a multiple component image.

The techniques OeSCribed in this annex are poweriul and can Serve many different uses. 1his annex does not prescribe
how to apply these techniques to a multiple component image to increase compression efficiency; neither does it describe
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
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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 maximum amount of data allowed in a single marker segment. If multiple marker segments are needed to convey the

data within an MCT or MCC marker segment, the data is split into a series of two or more marker segments. It is possible

that a codEstream may contain multiple series of marker segments in a main or first tile-part header. The mark%r segment
|

index (Imgct or Imcc) is repeated within each marker segment in the series. The data in a series of marker‘segnpents with
the same marker segment index (Imct or Imcc) are grouped together. The entire series of marker segments’shal| be found
in the sanje header, either the main header or the first tile-part header.

A field inJeach of the markers (Ymct or Ymcc) indicates the total number of marker segments that“are used to donvey the
transformption information associated with that particular marker segment index (Imct or Imcc). A second field (Zmct or
Zmcc) indicates the placement of a particular marker segment relative to all others in the same header sharing the marker
index. When transformation information is distributed across more than one marker segment, the parameter listg from the
marker sepments are concatenated byte-wise in order of increasing Zmcc or Zmct. VWhenr such concatenation is gompleted,
the resulting stream of parameters is then treated as if it had been transmitted ina,single marker segment. The text that
follows agsumes that any such required concatenation of marker segment conten{shas been performed.

J.21 Inverse multiple component transformation (MCO_TRANSFORM)

As shown] in Figure J.1, the inverse multiple component transformatior is a transform that takes as its inputs|the set of
spatially feconstructed components from the codestream createdby two-dimensional inverse wavelet trangform and
produces g set of reconstructed image components. Each multiple component sample is reconstructed by applying the
processing steps as indicated in the codestream. The inverse\transformation process is carried out in a serigs of steps
known ag transformation stages. The MCO marker segmeént (see Annex A.3.9) applicable to the given til¢ contains
informatign regarding each of these stages. Specifically, the Nmco field of the MCO marker segment gives the number
of transfofmation stages that will be applied during ifiverse processing.

Procedure MCO TRANSFORM

Invlerse Invgrse

spgtial | | M TRANS, |/ | MCC TRANS, ||—# .| |MCC TRANS,, | |i—p| nOD-ljncar
wayelet - point
trangform T T transform

i i T.801(p1)_FJ.1
Spatial Intermediate Intermediate Reconstructed
reconstructed components, (1) components, I,(n) image
components, §(n) components, R(n)

Figure J.1 — Inverse multiple component transformation processing

If Nmco = 0 for a tile, then no inverse multiple component transformation is performed on this tile and the jth reconstructed
image component is given by the jth spatially reconstructed component. In this case, the tile is treated as if 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

No

R = \neo Done

I,.,=MCC_TRANS(k, I,)

!

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 recgnstructed
image components. Furthermore, it ig"possible for the number of spatially reconstructed components to diffef from the
number of reconstructed image components. Therefore, when using the multiple component transformation mpchanism,
a CBD marker segment (see clause*A.3.6) shall be used. This marker segment indicates the total number of oufput image
components and their respective bit depths after the inverse multiple component transformation is applied. Onlyone CBD
marker sepment may appearin the main header of the codestream. Thus all tiles in an image shall contain the sanme number
of compopents, and thescamponent bit depths in the CBD marker segment shall be of sufficient magnitude to[cover the
maximun] bit depth-ef@tomponent across all tiles.

When mulltiple-cemponent transformation processing is used, the SIZ marker segment (see clause A.2.1) shajl indicate
the numbgr and-bit depths of the components in the codestream after the inverse two-dimensional wavelet trapsform. In
other words, the SIZ marker segment indicates the bit depths of codestream components after the forward multiple
component transformation. This interpretation of the SIZ marker segment is subtly different from its interpretation under
other decoding processes in this Recommendation | International Standard and Rec. ITU-T T.800 | ISO/IEC 15444-1,
where it is used to indicate the number of output image components and their 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)
L)
In this expression, the Cmccli(k) are taken from the MCC marker segment corresponding to the kth transformation stage.

The max function simply finds the largest Cmcci value from the kth transformation stage across all component collections
in that stage. The variable Nlg = Csiz and Nlymco = Ncbd.

All of the|information regarding the CC_TRANS operations is conveyed in the MCC marker segment. The inflex of the
relevant MICC marker segment for the kth stage of the inverse multiple component transformation is obtained from the
ImcoK field of the MCO marker segment. A flow diagram that results in correct decoding of the codestream is given in
Figure J.4. (This flow diagram applies the CC_TRANS operations in the order that collections appedr within[the active
MCC marker segment.)

Input Component Output
Intermediate component collection component Intermediate
components collections transforms collections components

C, W
0 N L 0
10— —> ¢ e

T (1)

L(1) ﬁ* G w, I @
1 ! k+1

12) e T\ (R |

7777777777777777777777777777777777777777777 > IA—+](NI,{-+1 74)
I,(NI, =3) ; CC TRANS(Qmee(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
! R WS
: C..?m“( - WQmLL(A} 1 !
1
1

LN ] T.801(21)_FJ.3

Figure J.3 — A singlexmultiple component collection transformation (MCC_TRANS) stage
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MCC_TRANS(k)

i=0
N
P No
i < Qmcec >\ Done
Yes

CC TRANS(I,, i, 1, )
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i=i+1
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Figure J.4 — Procedure MCC_TRANS

J.2.3 Transformation component collection (CC_TRANS)

The procgssing flow to transform a given component collection is illustrated in Figure J.5. The figure shows the location
of relevart MCC marker segment fields for the ith component collection within that marker segment. Each cpmponent
collection] within a transformation stage performs one ef\a number of different processing steps defined in spbsequent
clauses of this annex. The ith component collection:operates on a subset, I, of the input intermediate cdmponents
available ht the current transformation stage, k, anc\itproduces some subset, 1., ;, of the output intermediate cqmponents
from the qurrent transformation stage. In the figure, Cmcci = {Cmccii}, V je[0, 1, ..., Nmccl — 1], and Wmcc! = {Wmccli},
v je[0,1)..., Mmccl — 1]. For each of the camponent collections within the relevant MCC marker segment, the[following
subclausep, in order, describe the processing that occurs. (These subclauses parallel the functional blocks in Figure J.6.)

All of thel transformation methods speeified in this annex make use of component collections. A component collection
consists of a list of input component’indices along with a list of output component indices. Component collections are
defined within the MCC markerysegment (see clause A.3.8). The input component list of a collection specifieqd the order
in which |ntermediate components input to the stage are accessed by the transform. In particular, for the ith component
collection| within the kth.transformation stage, the jth input transformation component, C}, is given by l,(Cmcgl), where
0 <j < Nmccl. Similatly; the output component list of a collection specifies which intermediate components oufput by the
stage are [filled by~an  associated transform. Output component Wji (where 0 < j < Mmcci) from the transfofmation is

assigned fo intermediate component Iy + {(Wmccll). The indices Cmecll and Wmecli, and the numbers of input gnd output

componentsyNmcc! and Mmcc!, all appear in an MCC marker segment. The component collection mechanism llows for
permutation of components at both input and output of the associated transformation.

The number of output components may be greater than, less 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 componefits
> component — component -
I . transform . i
k collection collection L,
f 1 f T.801(21)_FJ|
Cmec' Xmce, Tmee, Omec’ Wmec'
Input Transform Oupuf

component list information compofient Tist

Figure J.5 — A single component collection transformation (CC_TRANS) stage
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W' = APPLY TRANS(C, i, T")
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1,,,=MAP_OUTPUT CC(W, i Wmcc')

T
N

Done
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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.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 117


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

ISO/IEC 15444-2:2023 (E)

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, ly. This can occur when the union of all output intermediate component
lists from the_previa ansformation stage does not in de eve aompanent number bhetween Q and the gestinput
component number, NI, — 1, of the current transformation stage. In other words, there may be gaps in the Sef| of output
intermedigte component numbers from the previous transformation stage. When a null component is acecessed |in a given
input intefmediate component collection, it is treated by the transformation process as a component with valugs that are
identically zero. (The informative example in clause O.3 illustrates a potential use of null components:).

When forming a series of transformation stages that work together, care shall be taken in the generation of the gutput and
input confponent lists between successive transformation stages. It is not permitted for an output component pumber in
stage k-1[to exceed the value NIy — 1 for the current transformation stage k.

J.2.3.2  |Apply transformation (APPLY_TRANS)

Given th¢ input component set Ci, which contains Nmcci components, _theselected inverse multiple cpmponent
transformption is applied. The Xmcc field of the active MCC marker segnient indicates the type of transformgtion used
to transfofm the ith component collection. The allowed transformations and their application are discussed in ¢lause J.3.
The Tmcg! field of the active MCC marker segment provides additiofial information that is required for the [particular
transformption, such as pointers to transformation array coefficieqts Contained in an MCT marker segment (fee clause
A.3.7), wavelet transform kernels contained in an ATK marker segment (see clause A.3.5), number of waveletjtransform
levels, anfl indicators of the reversibility of the transform. I the case of the wavelet transform, the Omcci|field also
provides the equivalent of a tile offset for the one-dimensional wavelet transform. Application of the trangformation
results in p set of output components, Wi, which contains'Mmcc! components.

J.2.3.3 JAssign output components (MAP_OUTPUT_CC)

The transformation for the ith component coliection produces the set of Mmcc! output components, Wi. The Wi are then
assigned fo a subset of the output intermegdiate components from the stage, ly+1. Specifically, output comgonent W}

(where 0 K j < Mmccl) from the trangformation is assigned to intermediate component ly41(Wmccll). This sulpset of the

output intermediate component isialso referred to as I,,. The Mmcc! and Wmccll values are found in the ith component
collection| of the active MCC parker segment for the kth transformation stage.

ifed that no output intérmediate component appear more than once in the union of all output componenticollection
a particular'®MCC marker segment (i.e., Wmcc! n Wmced = &,V i # j). This rule implies that all component
collections may be transformed in parallel without danger of overwriting previously computed results. As nofed above,

maximun] outpUt,component number may not exceed Nly+1 — 1, the maximum input component number of the slicceeding

transformptiefstage. There is no requirement that the output component collection list be complete for| the final
transformatt ; it i i ; i i nmended.

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
or dependency, reversible or irreversible) to the component collection.

If the Tmpcharray-imdices are Mon=zerotheseimdices, atong-withkmowtedge of thetype ofarray=based-trangformation
being applied, are used to select the appropriate MCT marker segments from which the coefficients are extracted. For the
transformption array, the appropriate MCT marker segment is found by matching the MCT marker segmént’inflex found
in the Im¢t parameter against the Tmcc! transformation array index, and then matching the Xmccl-transformption type
against thg array type found in the Imct parameter. For the offset array, the appropriate MCT marker ségment i§ found by
matching [the MCT marker segment index found in the Imct parameter against the Tmcc! off$et array index| and then
checking fhat the array type found in the Imct parameter indicates the array is an offset array.-An index of zero In a Tmec!
field indigates a null transformation or offset array, so that particular transformation steps'may be skipped. Fpr each of
the array-pased transformations discussed in this clause, the number and storage order of the coefficients withir} the MCT
marker segment is defined.

J.3.1.1 |Decorrelation transformation

The decofrelation transformation type provides for an unconstrained lingar combination of input comporjents 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 irreversible decorrelation transformation consists of a matrix multiplication of the input components followed by
application of an additive offset. The transformation is applied by using Equation J-2.

Wy = tooCo + to1Cy + tgyCs + t3C3+... +toay-1)Cn-1 + 0p
W1 = t10Co + t11Cy;¥t1,C, + t13C5+. .. +ty(v_1)Cno1 + 04
W2 = t30Co + toalrt t52C, + to3Cs+... +tay_1yCy-1 + 0
W3 = t30Co 4 t31Cy + t32C; + t33Cs+... +ty-1)Cy-1 + 03

: (-2)

If the decgrrelation transformation array index provided by the Tmcc! field for this component collection is zerg, then the
coefficientts tj; are given by tj; =1 for i = j and tj; = 0 for i = j. If the decorrelation transformation array index i not zero,

then the rgferenced MCT marker segment contains M - N elements. The coefficients tjj are stored in the marker segment
in the follpwing order: tog, for, - » togn — 1), t10 tag, s i —2)s - tM— (N - 1)-
If the offdet array index-provided by the Tmcc! field for this component collection is zero, then the coefficignts o; are

given by ¢; = 0. If\the’offset array index is not zero, then the referenced MCT marker segment contains M elements. The
coefficients g;fare ‘stored in the marker segment in the following order og, 01, ... , Om — 1.

For an irré e number

of output 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 followed by
applicatiof of an additive offset. For the reversible decorrelation transformation, the number of put components, N, is
required fo equal the number of output components, M. This is true even though the number of single elerlent linear
transformptions applied in the processing is N + 1. The transformation is applied by the following set of‘\equatipns:

Let tempdrary 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_, 5qt=01...N-1 (3-4)

ti(N-1-1)

Py_11=PTy_14

Next compute the final single element transformation using Equation J-5 and apply the additive offset in Equalion J-6 to
form the gutput intermediate components. For the reversible decorrelation transformation, the sums S, | = [0,[1, ..., N],

shall be generated in order and the single output tetm corresponding to that sum, Py _ 1 _, shall be adjusted pefore the
next sum Js computed.

_ yN-1 vyl
Sy = Zizo tniPi +—5—

Sy
PFy_y = sgn(tym-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 illustrates the computations described in Equations J-4 through J-6. Each stage of the transform adjusts exactly
one output component. A Tinear combination of the unaltered components at each stage 1s Tirst formed. This partial sum
is rounded by a reversible rounding rule. The integer result is then added to the component that is adjusted at that stage
(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 decorrelatigh transformation
NOTE} (informative): This reversible decorrelation transform structure accommodates a reversible factorization of a unjjtary N x N
transfoym matrix that approximates its decorrelation properties. One such factorization technique, known as the |single-row
elemerjtary reversible matrix (SERM) factorization is, described in [14]. Unitary transforms comprise a large class pf multiple
compofent transforms (examples include the KLT). An informative example is given in clause O.3 based upon thg technique
presented in [14].
If the decrrelation transformation array index provided by the Tmcci field for this component collection is zer, then the
coefficients tj; are given by tyy-1) = 1, tin—1-i) = 1 for ig[0; .., N — 1], and tj; = O for all other ij. If the deqorrelation

transformption array index is not zero, then the referenced MCT marker segment contains (N + 1) - N elenents. The
coefficients tj; are stored in the marker segment in the following order: too, toy, ... , ton— 1), t10s t11, - s tyn = 2)s |- NN = 1)-
The coefficients are constrained to be integers.for the reversible decorrelation transformation. Furthermore, the
coefficients ty - 1) and tiy — 1 — j) for €[0, ...,"N — 1] are constrained to be exact positive integer powers gf 2, while
tnov—1) 1§ constrained to have an absolute value equal to an exact positive integer power of 2. This subpet of the
coefficients is interpreted as a set of scaling*factors for each of the partial sums that are formed. This allows r¢al-valued
coefficients to be approximated to the nearest desired fractional bit. The restrictions on the coefficient values gnsure that
the sums ¢an be carried out, if desired, with all-integer mathematical operations.

If the offdet array index provided by the Tmccl field for this component collection is zero, then the coefficignts o; are
given by ¢; = 0. If the offset array index is not zero, then the reference MCT marker segment contains M elenpents. The
coefficients oj are stored-in*the marker segment in the following order: og, 01, ..., Op — 1. For the reversible dedorrelation
transformption, the oyare required to be integers.

J.3.1.1.4 | Forward reversible decorrelation transformation (informative)

At a partigular’spatial location, (x, y) the N image components to be transformed are denoted by Wg, Wy, ..., Wn—1. The
component dc offsets are given by 0, 01, ..., Oy — 1, and the components that result from the transformation are denoted
by Co, C1, ..., Cn — 1. The forward irreversible decorrelation transformation is applied by using Equations J-7 through
J-10. The SERM implementation of a forward reversible decorrelation transformation is shown in Figure J.8.

P0:W0_00
Py =W; -0,
P, =W, -0, (-7

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

C3=P3

P;. The N
is altered.

in subseqdient steps. In the first step, given in Equation J-8, the last temporary value is altered. Equation J-9 is then applied
N times, With the value of | running from 1 to N. In the lth of these steps, temporary value P is altéred. The fjnal set of

temporary values becomes the output of the transformation.

D S R O S e

Figure J.8 « SERM implementation of forward reversible decorrelation transformation

55 6 & 8 &

4

T.801(21)_FJ.8

The offsefs 0g{0g; ... , O — 1 are integer valued and are included in an MCT marker segment. The offset afray index
provided py the Tmcc field for this component collection match the MCT array index. If the offsets are all equial to zero,

then the Tmcc' Tield Tor this COmMpONent ColTECTION Can DE Set 10 Zero and the ofisets do not need 1o be included in an MCT

marker segment.

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

2, and ti(i—l) fori=1,2,..,

N shall 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:

Yo =Cy + 0
Y,=C+o0;
Y, = C, + 0, (9-11)
Y;=0C;+0;
Wy =Y,
Wy =t )Wo+1;
W, =ty oWy + t, W, + Y, J-12)

Wi = t3oWy + t3, Wy + 83, W, + 15

Equation [J-12 implies a particular structure in the irreversible dependency transfermation array. Specifically, the
irreversible dependency transformation array shall be lower left triangular with’Zeros on and above the main|diagonal.
This partipular structure guarantees that the array may be processed from top ‘to)bottom and causality will be preserved.
This placgs a responsibility upon the encoder to form correctly the irreversible dependency transformatiop array in
conjuncti¢n with the input and output intermediate component collectign index lists. Figure J.9 illustrates the grocessing
steps in tffe irreversible dependency transformation. The box labelled, P(Wo, Wy, ..., Wj _1), in the diagram is\where the

predictiorfs for the current component being decoded is formed from previously decoded components.

+
C_ - B » W
j + kT o

Py Wy W)l

T.801(21)_FJ.9

Figure 3,9 — Irreversible dependency transformation

If the dependency transfornmation array index provided by the Tmcc! field for the i component collection is gero, then
the coeffigients tjj are given by tj = 0 for all i, j. If the dependency transformation array index is not zerg, then the

referencedd MCT marker'segment contains M - (M — 1)/2 elements. The coefficients tj; are stored in the marker segment
in the follpwing order: t1o, too, t21, t30, 131, t32, -+ s M —1)0s -+ » M- )M - 2)-

If the offdet array index provided by the Tmccl field for the ith component collection is zero, then the coefficignts o; are
given by ¢; =1. If the offset array index is not zero, then the referenced MCT marker segment contains M elements. The
coefficients oj 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:

14

J

4{ P :
/ T801(21)_FJ.10

Figure J.10 — Forward irreversible dependency transformation

Co =Wy — 09
Ci =W; — o1 —t1 )W
Co =Wy — 0y — tyoWo — t1 Ws (J-13)

C3 = W5 — 03 — t30Wy — t3, Wy — t3, W,

The offsefs 0g, 01, ..., Opm_ 1 are included in an MCT marker segment. The offsetarray index provided by the Tmcc! field
for this cqmponent collection should match the MCT array index. If the offsets are all equal to zero, then the Tmcc! field
for this cgmponent collection can be set to zero and the offsets do not need-to be included in an MCT marker segment.

The tjj cogfficients for the inverse transformation that are included-in the MCT marker segment are in genera| the same

as those that appear in forward transformation equation. In Equation J-12, all operations are additions, wherfeas in the
forward tijansformation, all operations are subtractions.

J.3.1.2.3 | Reversible dependency transformation

The reverpible dependency transformation consists oflan additive offset followed by a constrained linear comHtination of
components. The reversible dependency transformation is defined by the following set of equations:

YO = CO + Og
Yl = C1 + 01
Y2 = C2 + 0, (J-14)
Y3 = C3 + O3
Wy =Y

t
51 = t10W0 + I%J

1

W1 = | +Y1
11141
ta2
52 = tZUWO + t21W1 + l?J
S
Wz = | +Y2
€5,

t
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 trans

formation

processing. The box labelled "R" represents a rounding rule, which has been defined as the floor function in this

Recommendation | International Standard.

+ Yoy

R [ P(VV()? WI= e I/y;‘fl)

F

T.801(21)_FJ.11

Figure J.11 — Reversible dependency transformation

If the deppndency transformation array index provided by the Tmcci field for this component collectionis, zérg, then the

coefficients tj; are given by tj; = 0 for all i # j, and tj; = 1 for i = j. If the dependency transformation array index i
then the referenced MCT marker segment contains M®*1) _ 1 elements. The coefficients tjj arestored in t

segment in the following order: t1g, t11, tog, to1, too, t3g, t31, t3o, ta3, ..., tm - 10 - T DOv - 1)- Fori
coefficients have the same interpretation as in the irreversible dependency transformation. The additior
coefficients, tjj where i = j and i > 0, are interpreted as scaling factors for the partialsums S,. The tjj coeff
constraingd to be integers in the reversible dependency transformation. Furthermore; the tjj coefficients for i =
are constrpined to be exact positive integer powers of 2. These restrictions ensure that the partial sums can be
desired, with all-integer mathematical operations.

If the offget array index provided by the Tmcc! field for this component(ollection is zero, then the coefficig

5 Not zero,
he marker
~ |, the tij
al M—1
cients are
andi>0
formed, if

nts oj are

given by ¢; = 0. If the offset array index is not zero, then the referencedMCT marker segment contains M elements. The

coefficients o; are stored in the marker segment in the following order:'gg, 01, ..., Om _ 1. These coefficients are ¢
to be integers for the reversible dependency transformation.

For a reversible dependency transformation, the number of input components, N, is required to equal the numbe
componerjts, M.

J.3.1.2.4 | Forward reversible dependency transfermation (informative)

bnstrained

of output

The forward reversible dependency transformation consists of a constrained linear combination of componeits and an

additive offset. At a particular spatial location;(X, y), the N image components to be transformed are denoted b
..., Wn_ 1} The component dc offsets are:given by og, 01, ..., O — 1, and the components that result from the trang
are denotgd by Cg, Cy, ..., Cn_ 1. The_forward dependency transformation is defined by the following set of
The forward dependency transformation is defined by the following set of equations and illustrated in Figure J

CO = WO — Og
tll
Sl = t10W0 + 7

S1
Clz I_J+W1_01
tll

y Wo, Wy,
formation
bquations.
12:

t22
52 = tZOWO + t21W1 + 7

1S 1

C,=—|—|+W; —
2 tzzj 1~ 02

t
53 = t30W0 + t31W1 + t32W2 + I%J

S3
C3=l_J+W3_O3
t33

(J-16)
The offsets og, 01, ... , Oy — 1 are integer valued and are included in an MCT marker segment. The offset array index
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(Wo Wy W) 1 R

A 4

T 804021 EJ 142

Figure J.12 — Forward reversible dependency transformation

J.3.2 \Wavelet-based transformation

This clauge describes a wavelet-based decorrelation process. The MCC marker segment allows 'for the specifigation of a
wavelet transformation to be applied to it input component collection via the Xmcci marker parameter (see clayse A.3.8).
In fact, itlis possible to use wavelet-based decorrelation on one component collection.and array-based decorrglation on
another wiithin the same MCC marker segment. When wavelet-based decorrelation is'used, an ATK marker segment (see
clause A.B.5) specifies the wavelet transformation kernel used in processing,the“component collection. The Tmccl
parameter| in the MCC marker segment contains an index that specifies which ATK marker segment is to be uged for the
i component collection. The Tmcc! parameter also includes an index that points to an MCT marker segment ¢ontaining
additive offsets to apply to the input intermediate components after inversé wavelet transformation processing. [The MCC
marker sggment signals the number of wavelet transformation levelsdn Tmccl, and a component offset Omicc! to be
employed during inverse wavelet transformation processing.

let-based decorrelation transform, the number of input,components, N = Nmcc, is required to equal tihe number
of output pomponents, M = Mmcc'.

J3.21

The sampfes of component C; are denoted by Cj(x,\). At each spatial location, (x, y), N + 1 two-dimensional farrays are
formed. Here, Ny is the number of wavelet transformation levels applied to the ith collection as determined from the
Tmec! mdrker parameter. The arrays are denoted by an, (W 0), ay L (w, 0), ay,—yuL (W, 0), ., aguL(w, 0. In each
case, thxg|< u < thxy, where thxy and tbxj.are determined appropriately for sub-band ay, as specified in Annex|B of Rec.
ITU-T T.800 | ISO/IEC 15444-1. For the purposes of this annex, it is assumed that the transformation is applicable to a
tile-comppnent with upper left.corner at (tcxg, tcyg) = (Omeci,0) and lower right corner at (tcxq — 1, tofy — 1) =
(Omect +M — 1, 0).

The (tbxy | thxo) samples of each array, ap(u, 0), are taken from the N = M samples Cj(x, y), j = [0, 1, ..., N—1].|These are
taken in drder of the arrays as given above. Specifically, let b = N LL. Then the first tbx; — tbxg = tN; LLx; 4+ tN; LLXg
samples of Cj(x, y).(ie., j = [0, 1, ..., thx; — tbxg — 1]) become the samples ay(u, 0), u = [tbxo, ..., thx; — 1]. Sirpilarly, let
b = N HL. Then-the next thx; — thxg = tN HLx; — tN HLXo samples of Cj(x, y) become the samples off a,(u, 0),
u = [thxg, |- s5dbx4, — 1], and so on.

Inverse multi-dimensional wavelet transforniation

The ay arrays defined above are treated as sub-bands to be inverse wavelet transformed using the two-dimensional IDWT
as described in Annex F of Rec. ITU-T T.800 | ISO/IEC 15444-1 (with extensions specified in Annexes G and H). 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.
This array is constructed as I(z + Omcci, 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
extensions specified in Annexes G and H) is applied to the array I(z, 0). For this purpose, I(z, 0) should be treated as a
tile-component with upper left corner at (tcxg, teyg) = (Omcecl, 0) and lower right corner at (tcx; — 1, toyy — 1) = (Omeci +
M-1,0).
Using the[notation of Rec. ITU-T T.800 | ISO/IEC 15444-1, the output of the FDWT procedure is the N+ 1 pub-bands

ALy ANpHL, AN -DHL - » Gqur, (All sub-bands of the form ajeyyn and ajey 1 are empty.) Here, A\ is the pumber of

decompodition levels to be applied. This value would be placed in the Tmcc! field for the ith compghent collection in the
current (i.., kth) transformation stage.

Each such sub-band has samples ap(u, 0), thxg < u < thx; with tbhxgand thx, determined as in"Annex B of Rec. ITY-T T.800
| ISO/IEC|15444-1. These sub-band samples are then interpreted as samples of the transformed components, C{, j = [0, 1,
..., N — 1], at spatial location (x,y). That is, [Co(X, ¥), C1(X, ¥), ... , Cn — 1(X, YINFay,1.(thxo,0), ..., ay, |1 (thx; —
1,0), ay,ifi.(thxo, 0),..., ay, u(thx; — 1,0),..., a1y (thxy, 0),..., aryy, (tbx,,~1,0). In each case, tbxg and thx; are the
values applicable to the sub-band indicated in the subscript of ay,.
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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 |
International Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see
clause A.2.1).

This annei specifies three non-linear point transformations that are used after the decoding processes and inverse multiple
component transformations to map reconstructed values back to their proper range. The forward non-linear.trangformation
may be eployed by encoders prior to the application of the forward multiple component transformation if order to
increase cpmpression efficiency of linear or near-linear original image data. For example, an application capturing original
image datp from a sensor with a linear response may apply the forward non-linear transformation te correct theldata such
that the bit allocation matches visual sensitivity.

K.1 Signalling the use of the non-linear transformations

The use of the non-linear transformation is signalled in the Rsiz parameter (see clause’A.2.1).

K.1.1  [Decoded component reconstruction

The non-linear transformations specified in this annex are "point™ transformations. These transformations are ppplied to
each sam|LIe ("point™) in a given component. The transformations de-fat span components like the multiple cpmponent
transformptions described in Annex J. They may be used, however, in conjunction with the multiple cpmponent
transformptions. Figure K.1 shows where in the decoder's processing chain the non-linear transformation is applied.
Conversely, on the encoder side, non-linear transformations<would be applied prior to decorrelation and ddpendency
transformptions and wavelet processing.

Cod Components Wavelet Spatially reconstructed
tream > S i
odestre eynthesis Components i
(R)
Decorrelation
and
dependency
transformation
D ecodetd Non-linear Reconstructed image
components ) ¢———— P
1) 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

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


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

ISO/IEC 15444-2:2023 (E)

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
decoded components that result from the appllcatlon of a non- Imear transformation toa reconstructed |mage component.
Those recpn a a artra 3 all-ha in their bit
depth.

K.2

This Recommendation | International Standard allows for the non-linear transformation to be.stored in thre¢ different
forms. The gamma-style non-linearity form specifies the transformation through parametérs”to an equatign, and is
specified jn clause K.2.1. The LUT-style non-linearity form specifies the transformation jhy.specifying a set of look up
table pairg and is specified in clause K.2.2. The Binary Complement to Sigh Magnitude-Conversion transformgtion takes
no parameters, and converts the codestream-internal sample-representation from a kinary complement represgntation to
a sign-mapgnitude representation. This conversion is most suitable for representing.floating point data, see clause O.6 for
further information and its recommended use. The transformation itself is spegified in clause K.2.3.

Non-linear transformation specifications

K.2.1 amma-style non-linearity

The gamma-style transformation specifies the non-linear transformation using mathematical equatipns. That
transformption is specified using two functional segments: a linear_region for small component values, and a gower-law
exponentipl region for large component values. The actual transformation stored within the NLT marker segment is
normalizdd such that the maximum value of the input and output components is +1.

K.2.1.1 [Forward gamma-style non-linearity (encoding, informative)

The relatipnship between a normalized value z of griginal input component Z; and normalized value y’ of the gamma-
adjusted domponent Y;" is given by Equation K-1:5An encoder using the non-linear transformation extension shpll use the
Y; compgnent as input to the forward multiple component transformation, or directly to the forward wavelet
transformption if the multiple component transformation is not used. Values z and y’ are normalized such that the
maximun| value of the Z; and Y; components, respectively, are +1.

 (~(Alz[F - B) s
y'= sz —(3sz<3) (K-1)

AzE —B T

zZ>=

In Equatipn K-1 Slisthe toe-slope, T is the toe-slope threshold, E is the gamma exponent, and A and B are fontinuity
parameters. These.parameters are stored in the NLT marker segment in normalized form such that the maximumn value of
the input gnd output components is +1.

Figure K.Z Snows an example Torward gamma non-Tinearity transformation that might be used by an encoder. This
particular gamma-style transformation is from Rec. ITU-R BT.709 (HDTV).
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K.2.1.2
When de

component that indicates, through the NLT marker segment, that it shotld“be processed using a gamma-

linearity.
the fully g
segment,
normalize

The pararn
to the non
of the Z; 4

Y/ of bit gepth by directly to-an/output component Z; of bit depth b, without first normalizing the Y; compon

and then ¢

1.0 - Example gamma correction curve (Rec. ITU-R BT.709 HDTV)
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Normalized values (z) of the original image samples (Z,) T.801(21)_Fk.2
Figure K.2 — Example gamma-type forward non-linear transformation

Reverse gamma-style non-linearity (normative)

oding a codestream, a conforming reader shall apply the transformation specified by Equation K

hese equations take a normalized value y’ value of component Y“as input and produce a normalized
ecoded Z; component as output. The bit depth of the non-normalized Y; values is specified by the CH
or by the SIZ marker segment if the multiple component extension is not used. The bit depth of
d Z; values is specified by the BDnlt field in the NL Tmarker segment.

2

2={.0LY  _T<y<T
e

neters T, S, E, A, and B are all )ecommunicated in the NLT marker segment. The transformation may
-normalized component values by first scaling the coefficients of Equation K-2 to match the actual
nd Y;' components. To:scale the normalized coefficients to non-normalized form to convert an input ¢

enormalizing the Z{ values, the coefficients shall be transformed as follows in Equations K-3 and K-

 _ 2Py 21 Y, is unsigned
Y |l2< 1 Y issigned

-2 to any
tyle non-
value z of
D marker
the non-

(K-2)

pe applied
bit depths
pmponent
ent values
A,

(K-3)

2bz — 1 Z;is unsigned
&

2Pz —1 7. issigned

Ts=fy‘T
Iy

Se=2-5

"
_JYy

As—f_Z_E‘A

BS:fy‘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 intege

130

r 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 mechanism to specify such a non-linearity. This method is referred to as a "LUT-style non-linearity" for two reasons.
First, from the specified information it is possible to build a look-up table to perform the transformation. Second, if the
number o ifred T ; i icittyspecified.
While it i$ possible to approximate the gamma-style non-linearities specified in clause K.2.1, this mechanism pllows for
other trangformations that cannot be specified using a simple gamma function.

The LUTstyle non-linearity requires that a list of table values be supplied. The maximum possible number of LUT values
for a tabld to produce component Z; from component Y/’ is N = 2b¥, where by is the number of bits used to regresent the
component ;' (as specified by the CBD marker if the multiple component transformation is<Used, or the S|Z marker
segment (see clause A.2.3) if the multiple component transformation is not used). The’ minimum and maximum
normalizdd LUT input values are Dpip and Dmay, respectively, where normalization includes shifting and lindar scaling

so that th¢ range of the Y;' component values is 0 to +1, regardless of whether compgrient Y; is signed or unsigned.

The NLT [marker specifies a total of Nygints Values, where 2 < Npgints < N. Those values are evenly distributed peross the
input range of Dpjn t0 Dmayx. Table value Ty (where k = 0, 1, ..., Npoifts ~ 1) represents the output of the reverse
transformption for an input value of Dy. The Dy values are implicitly detexmined by Dyin, Dmax, and Npoints thirough the
following|equation:

Dy = Dpin kA
Npoints -1
and Byigy > Dpin (K-6)

The actugl LUT table values are specified in a normalized, shifted form, with the range of both the input gnd output
componerts being 0 to +1, regardless of whether-the components are signed or unsigned.

Values offthe Y; input component (y’) are normalized as follows before being processed through the LUT:

bL Y; is unsigned
=4 27 K-7
Ynorm = ', oby—1 ( - )
ytz?¥ Y/ is signed
2y _1 i g

If ¥ orm & Dmin, then v, 4. shall be clipped t0 Dyin. If ¥0rm > Dmax: then Yuom-m shall be clipped to Ppay. The
normalizdd values of the:output component Z; are then specified by the following equation:

_ ZYr’w'rm_Dk
Znorm = b + ( 2 ) (tk+1 - tk)
Tk
2be—q

e = (K-8)

where k is the Tirst integer such that D, < ¥,0rm < Di+1- 1Nhe final non-normalized value of the output component Z; is
specified by the following equation:
L= { znormb' (2bz — 1)b 3 Z; is. un.signed (K-9)
Znorm * (272 — 1) — 272 Z; 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
input samples shall be equal to the signed-ness of the output samples. That is, the BDnlt value relevant to component i
shall be equal to either BDchd; if a multi-component transformation is run (see clause A.3.6, Table A.31), or shall be

I t Caiz feonDRacs ITII T TONNLICANEA 104441 Tabla A 11N 1fna cich trancfarimaatines 1o viond
equa 0 STZT (e CCI T o T L OUU TN T o9 L, raoiC 7 oL T oot o ar i SToT T iatrorT 15 oSt

Let Zi be|the input sample value of the component i to which this transformation is to be applied, i) its| bit depth
(i.e., b= (Psizi AND 0x7f) +1 or bi=(BDchd;i AND 0x7f) + 1, and Y; the output of the transformation.|Then the
transformption is defined as:

Yi=Zj ifZi>0 or
Yi= min (—Zbi'l—Zi—l, -1) if Zi<0

NOTE|2 — This is intentionally the identity transformation for unsigned components. However, readers should be awarg that if the
level spifting and/or inverse decorrelation transformation of Annex G of Rec. ITU/T\F.800 | ISO/IEC 15444-1 is if effect, an
additiopal DC offset will be added to the reconstructed samples. This offset might beundesirable if the intent is to represgnt floating
point data. To prevent this DC offset, use mechanisms from this Recommendation| International Standard such as the multiple
compofent transformation (MCC and MCO markers) from Annex J, or the Vafiable DC Offset described in Annex B.|For signed
compohents, the transformation maps —1 to —2°* and —2°! to —1. The mofivation for this transformation is given in clpuse O.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
Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see clause A.2.1).

3 is encoded with higher
fidelity tran the rest of the image (the background). The encoding is also done in such a way that thedinformation
associated with the ROI precedes the information associated with the background. The method used (and.described in
this anney) is the Scaling based method.

L.1 Decoding of ROI

The procgdure specified in this clause is applied only in the case of the presence of an RGN marker segment, ee clause
A.2.5 (indicating the presence of an ROI coded with the Scaling based method).

The procgdure realigns the significant bits of ROI coefficients and background:coefficients. It is defined [using the
following|steps:

1) Get the corresponding shape information and the scaling valuéysyfrom the RGN marker segment for each
ROI. The following steps 2-6 are applied to each coefficienty(u, v) of sub-band b.

P)  Generate the ROl mask {Mj(u, v)} for all ROI, see L.3-far details on how to generate the ROI nmask.

3) For each coding block find the largest scaling value;Smax for any coefficient (u, v).

1) For each coefficient in each coding block find‘the*highest scaling value and set s(u, v) to:
s, v) = SyaxeSmax(s; - My(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, fani =1, ..., My

_ (MSBips@p(b,u,v) ifi +s(u,v) < Ny(w,v)
MSBi(b,w,v) = { 0 ifi + s(u,v) > Ny (u, v) (L-2)
6) Update the value of 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 clauge describes how to encode an image with one or more ROI. The encoding is given here as an infformative
section. Howevey, failure to generate the correct ROI mask at the encoder side will greatly reduce the quality of the
decoded image-and will not allow lossless decoding.

L.2.1 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.

When the entropy coder encodes the quantized transformation coefficients, the bit planes associated with the ROI are
coded before or at the same time as the information associated with the background. The scaling value, s;, for each ROI

is specifidd by the user/application.

The methpd 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 scalingWalue in the currgnt coding
block, respectively.

3) Add Sgjock = SMax—Smin LSBs to each coefficient |qp(u, v)|. The Qumber M, of magnitude pit-planes
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 valye of each
coefficient is given by:

gy (w, V)| = |gp (w, @)= 27Block (L-5)
4)  For each coefficient in each coding blockfind the highest scaling value and set s(u, v) to:
s(W, V) = Syt max(s; — M;(u,v)) (L-6)

where i = 0... Number of ROI-1
5) Scale down all coefficients sothat:
|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 intergst.mask generation

To achieve an ROI with better quality than the rest of the image while maintaining a fair amount of compregsion, bits
need to b¢ saved by sending less information for the background. To do this an ROl mask is calculated. The|mask is a
bit-plane |ndicating.a/set of quantized transformation coefficients whose coding is sufficient in order for the receiver to
reconstrugt the-desired region with better quality than the background (up to lossless).

To illustrate the concept of ROI mask generation, let us restrict ourselves to a single ROI and a single image cgmponent,
and identify the samptes that betong 1o the ROT I the fmage domain 0y a pinary mask, M(X; ), WHerTe:

1 wavelet coefficient (u, v) is needed
0 accuracy on (u, v) can be sacrified without affecting ROI

M(u,v) = { (L-8)
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
described by four parameters, see Figure L.1, all signalled in the RGN marker, see clause A.2.5. The parameters are
(XArgn, YArgn, XBrgn, YBrgn) where XArgn and YArgn are the x offset and y offset of the upper left corner of the

recta_ng|e from the reference grid nrigin, rncpnr‘ri\mly; VRrrJn isthe hnighf of the rnnfqngln; YRrgn is the width of the
rectangle.

The correft mask for the reference grid is given by Equation L-9.

XArgn < x < XArgn + XBrgn
YArgn <y < YArgn+YBrgn (L-9)

(XArgn, YArgn)

(XArgn + XBrgh> 1, YArgn + YBrgn — 1)
T.801(21)_FL.1

Figure L.1 — Rectangular mask-on the reference grid

L.3.2 Elliptic mask generation on the reference grid

The elliptic mask described in this clause is generated-on the reference grid. When generated on the referencg grid, the
methods described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain. An ellipse is|described
by four pgrameters, see Figure L.2, all signalled-in'the RGN marker, see clause A.2.5. The parameters are (XArgn, YArgn,
XBrgn, YBrgn) where XArgn and YArgn are the x offset and y offset of the center of the ellipse from the refefence grid
origin, regpectively; YBrgn is the height.of the ellipse; XBrgn is the width of the ellipse.

The correft mask for the reference griclis given by Equation L-10.
YBrgn? a(x— XArgn)? + XBrgn? - (y — YArgn)? < XBrgn? - YBrgn? (L-10)

Thus, a cgordinate on the reference grid belongs to the ROI if and only if Equation L-10 is true.

h/

I
(XArgn, YArgn)
I

I
—

| T.801(21)_FL.2

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 ROI mask is updated so that all samples that correspond to wavelet coefficients that would have been used
to reconstruct the wavelet coefficients that correspond to non-zero samples in the ROl mask are set to non-zero values.
The mask[gemneration shatttake o account what type of fiter that as beerm used- oy the transformation and atgo whether
or not the|SSO transformation has been used. The different cases are described below.

This is dope 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,

@)
if(Rey: Cn+my) == 1)
then
(Rexe(2n+ 1= mg + 20k + of £,))) = 1, forall K=50,.., L, — 1
and
Rexe(2n+mg) = 1 (L-11)
where Rgy; are the samples in the ROI mask, M;(u,v)-carresponding to Ve in Equations H-4, H-% and H-7.
R,y IS Reyt after lifting step s. Moreover, mg = L mg_; indicates whether the sth lifting step [applies to
even-indexed coefficients (mg = 0) or odd-indexed coefficients (mg = 1), and where Lg is the pumber of
lifting coefficients for lifting step s.
b)

Reye = eraxt (L-12)

L.3.4.1 [Single sample overlap

This is done by replacing Equations 1-12and 1-14 by:
For each lifting step s where's ranges from O to Ny g — 1,

@)

for all n except ny,p=01,...,N:
if (R(2n ;) == 1):
R (PSEp,(2n + ms — (2k + 1))) = R'(PSEy,(2n + ms + (2k + 1))) = Lfork = 0,..., Ly — [L
for.all M, p=0,1,...,Np:
if (R(n,) == 1):
Ri(n,) =1 (L-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_; 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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L.35

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.

Fast generation of a rectangular mask (informative)

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 X, and be the lowest and highest indices of non-zero samples

|n Rext.
1) For each lifting step s where s ranges from O to N s — 1,
a) Find the lowest sample index (2n + mg > X4) that is in the mask
x; =2n+1—mg + 20ff; (L-15)
if(x; > x;):
X, =X (L-16)
b) Find the highest sample index 2n + mg < x,
x;=2n+1-my+2(Ls— 1+ of f) (L-17)
if(x, > x5):
X, = Xy (L-18)
c) Set 1=
xZ = xz
where mg = 1 — mg_4 indicates whether the sth fifting step applies to even-indexed coefficients (g = 0) or
odd-indexed coefficients (mg = 1), and~where L is the number of lifting coefficients for lif§ng step s.
Let all samples between x; and x», inclusive, be nonszero and then separate the ROl mask samples into sub{bands the
same 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 each lepel 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 decompased, be R and let x; and x, be the lowest and highest indices of non-zero sampjes in R.
1) For each liftingstep s where s ranges from 0 to N g —1,
a) Fing:the lowest sample index (2n + mg > x1) that is in the mask
ifx; = n,p=01,...,N:
X, = Xq
else
= PSR = (L-19)
if(x; > x,):
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
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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 |
International Standard.

M.1 File format scope

This annex defines an optional file format that applications may choose to use to contain JPEG 2000 compresged image
data. Thigformat is an extension to the JP2 file format defined in Rec. ITU-T T.800 | ISO/IEC 15444-1/Annek I. While
not all applications will use this format, many applications will find that this format meets their,needs. However, those
applications that do implement this file format shall implement it as described in this entire annex:

This annek:
- specifies a binary container for both image and metadata;
- specifies a mechanism to indicate image properties, such as the tonescale or colourspace of the |mage;

- specifies a mechanism by which readers may recognize thesexistence of intellectual propdrty rights
information in the file;

- specifies a mechanism by which metadata (including vendor-Specific 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 definefl in Rec. ITU-T T.800 | ISO/IEC 15444-1,Annex I, the JP2 file format provides a method by which agplications
can interghange images files in such a way that-all conforming readers can properly interpret and display the image.
However [ some applications require extensions’to the JP2 file format that would prevent the file from being properly
interpretefl by a conforming reader. For ‘example, an image encoded in a CMYK colourspace will not bg properly
interpretefl by a conforming JP2 reader:

Placing these non-compatible extensions into a JP2 file will introduce confusion in the marketplace, as a sityation will
exist whefe some readers can interpret some JP2 files but not others. While this confusion is inevitable when yol consider
the globall set of all applications profiles, it shall be avoided in some applications, such as on the consumer desktop.

Thus this pnnex defines.a'second file format to be used in applications that require functionality or data structurgs beyond
those defiped in the JP2-file format. This file format is called JPX.

M.2.1  [File identification

JPX files fan be |dent|f|ed usmg several mechanlsms When stored in tradltlonal computer file systems JPX files should
be given the 8-S J
the type code ij\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 additional colourspaces for the Enumerated method (clause M.11.3.2);

— ___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, clausé M.3.3);

- defining a new method to allow vendors to define unique codes for colourspaces witheut.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 nen<linearity trangformation
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 informationsFirst, the file format allows fpr opacity
channels fo be stored in a separate codestream from the colour channels of the image. In many image editing applications,
the colour data and the opacity data are edited separately, and thus it is useful to allow those channels to b stored in
separate godestreams. This is described in the compositing layer architectire description in clause M.5.

Secondly| the JPX file format allows for the specification of fully-fransparent samples through a chroma-key. The file
format spgcifies an array of sample values, one from each colour_channel. Image locations that contain that combination
of samplq values shall be considered fully transparent. For.example, the chroma-key may be specified as fed = 134,
green = 92 and blue = 47. Any location with this combination-of red, green and blue sample values shall be donsidered
fully trangparent. This is defined in the specification of the:Opacity box in clause M.11.7.6.

M.2.5 [Metadata

In additiop to specifying how the image data shall be stored, this Recommendation | International Standard qefines, in
Annex M} a number of metadata elements, These elements specify information such as how the image wds created,
captured pr digitized, or how the imagehas been edited since it was originally created. This Recommendation |
Internatiopal Standard also includes the ability to specify intellectual property rights information, as well as tiie content
of the imgge, 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-based
metadata pnd descriptions may-be embedded in a JPX file within XML boxes, such as those defined in Annex N.

Furthermayre, the MPEG-7-binary box (as defined in clause M.11.19) may be used to store MPEG-7 binary (BiM) formal metadata.

M.2.6 [Storage.of a codestream within JPX

In JP2, the entireycodestream is required to be stored in a contiguous portion of the file. However, this restrictjon can be
problematie for some applications. Image editing applications, for example, may desire to modify a single tile of the
image andto write themodified tite to theend of the fitewithout Tewriting the fitetmage servers or imtermetapplications
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
floating point data or fixed point data. Only after this interpretation, the samples are considered to define colour values
relative to a colourspace.

NOTE}- For most computer architectures, the first conversion stage is transparent and requires no additional operatipn, and the
second|stage is usually realized as "casting" operation to the target type.

A non-integer pixel format is specified as follows: The desired sample format is encoded in a Pixel Formaf box (see
clause M.[L1.7.8) which is a sub-box of the Compositing Layer Header box or the JP2 Header box., The total pumber of
bits requifed to represent samples in the requested format replaces the channel depth information'of integer fofmats. For
example, ISO/IEC/IEEE 60559 single precision floating point numbers require 32 bits for theiprepresentation;|hence the
channel depth will be 32. This information is either recorded in the Image Header box (see clause M.11.5.1) if t}e channel

depth is iflentical for all channels, or in the Bits Per Component box (see clause M.14.5.2) if the channel depth differs
across channels. Furthermore, if the channel data is created indirectly through a palette, the channel depth generated by
the palettg lookup process is indicated in the B' field of the Palette box (see 1.5.3.40f Rec. ITU-T T.800 | ISO/IEC 15444-
1) which then carries the relevant information for further sample interpretatiori.

The information on the total number of bits is augmented by information-from the Pixel Format box if it is gresent. In
addition tp 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 anglmantissa bits. For fixed point data, the Pixel Format
box indicgtes the number of fractional bits, i.e., the number of hits.right of the (binary) point, for floating pdint data it
indicates fhe mantissa bits of the floating point format, not including any implicit (hidden) bits. The number jof integer
(non-fractional) or exponent bits can then be derived from the total number of bits per sample and the fractional or
mantissa bits. Further information on floating point numberencodings are found in ISO/IEC/IEEE 60559.

Fixed point and floating point samples are mapped*to device colours by means of the Colour Specificption box
(see clause M.11.7.2) in the same way as integer samples are mapped to device colours. For that, the Channel Pefinition
box (see dlause M.11.7.5) defines which channgls are used to generate which device colours. This process diffets for non-
integer samples from integer samples only in so-far as the maximum intensity of the device colour is no longer rdpresented
by the makimum possible integer channgl ¥alue, but as the value 1.0 expressed in the corresponding fixed point ¢r floating
point format. The handling of sample(values outside of this range is implementation specific. For further information on
the mapping from channel values to*device colours, read clause M.11.7.2.

M.2.9

This Recqmmendation | International Standard also allows the encapsulation of codestreams of other image copnpression
Recommgndations | Standards, such as JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2); the JPX file format can
represent fall metadata‘encoded in the TIFF-based file format of JPEG XR in boxes defined in this Recommndation |
Internatiopal Standard. A recommendation of how the JPEG XR TIFF-based container should be mapped intp the JPX

Support for JPEG(XR codestreams

eBox—-ofat -T802 LISOJEC 154442 fle contamingaRee: 332 L ISOAED 29199-2
compliant codestream shall have the following values in the compatibility list CL! (see Rec. ITU-T T.800 | ISO/IEC
15444-1, clause 1.5.2 and Clause M.11 in this Recommendation | International Standard) if JPEG XR codestreams 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 and
the file conforms to the JPEG XR baseline profile defined in clause M.9.2.
jxr2' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) main profile bitstream present and the
file conforms to the JPEG XR main profile defined in clause M.9.2.
jxr3' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-3) advanced profile bitstream and the file
conforms to the JPEG XR advanced profile defined in clause M.9.2.
NOTE - Brand values 'jxr0' to 'jxr3" indicate JPEG XR profiles of this Recommendation | International Standard. The corrgsponding
profiles aye defined in clause M.9.2.

M.3 Greyscale/Colour/Palette/multi-component specification architecture

The JPX file format builds on the flexible colour architecture defined in the JP2 file format. €olourspace spegifications
are specifjed within Colour Specification boxes, as originally defined in JP2. However, JRX/extends this box (pvithin the
binary strlicture limitations defined in JP2) to allow other methods to be used to specify the colourspace, and fo allow a
reader to $elect from the different colourspace specifications found in a single file whgn-interpreting an image.

M.3.1  [Extensions to the Colour Specification box header

In JP2, the APPROX and PREC fields were reserved for future use; JP2 writers are required to write default values into
these fields. In JPX, these fields are defined and can be used by a JPX reader to make intelligent processing chpices.

In both JA2 and JPX, a single file may contain multiple representations of the colourspace of the image. For gxample, a
JPX image may contain an enumerated value, a complex ICC_profile, and a Restricted ICC profile. Thes¢ multiple
methods gre included to maximize interoperability as well as to provide optimized access. In this example, the emumerated
value allows quick recognition, the complex ICC profile allows accurate interpretation using a full ICC engine, and the
Restricted ICC profiles allows less complex readers to get@."good enough” result. Specifically, the Restricted ICC profile
in this expmple is an approximation of the complex ICC profile. This approximation is specified within the Colour
Specificafion box, and allows a reader to make trade=0ffs when interpreting the image.

defined or registered coIourspaces Requirements for mterpretatlon of specific spaces are defined W|th|n the file
conformance definition.

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
Colour specification box, then all additional parameters shall be specified for that Colour Specification box.

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


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

ISO/IEC 15444-2:2023 (E)

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
reglstratlon method is not approprlate for use for defmlng codes for vendor specmc or prlvate colourspaces To allow the
quick ide a a ation-method, called
the Vendgr Colour method. This method is very similar to the Enumerated method except that instead offusing 4-byte
integer cddes, the Vendor Colour method uses universal unique identifiers (UUIDs). These UUID values are|generated
by applicgtion developers when the definition of a particular colourspace is created.

It is legal|to specify a Vendor Colour value in every JPX file. However, no reader is required to.correctly inferpret the
image baged solely on the Vendor Colour method. If an image writer desires to maximize interoperability outside the
scope of the target application, it should use additional colour methods in the file (such as(the*Any ICC and Restricted
ICC coloyr methods).

M.3.5 |Palettized colour

Palettized| colour is specified and works exactly as defined in the JP2 file format! A palettized image would|contain a

M.3.6

If the file[is to be JP2 compliant, the first method. found in the file (in the first colourspace specification box |n the JP2
Header bgx) shall be one of the methods as defined and restricted in the JP2 file format. However, a conforming JPX
reader may use any method found in the file.

M.3.7 [Interactions with the decorrelating multiple component transformation

The specification of colour within the"JPX file format is independent of the use of a multiple component transformation
or non-lirfearity correction within'the codestream (the MCT, MCC, MCO and NLT markers specified in clauses A.3.7,
A.3.8, AB.9 and A.3.10, respectively). The colourspace transformations specified through the sequence pf Colour
Specificafion boxes shall be\applied to the image samples after the reverse multiple component transformation apd reverse
non-lineafity correction.has been applied to the decompressed samples. While the application of these dedorrelating
component transformations is separate, the application of an encoder-based multiple component transformation|will often
improve the compression of colour image data.

M.4 Fragmenting the codestream between one or more files

Another important feature of the JPX file format is the ability to fragment a single codestream within a single file or
across multiple files. This allows applications to implement such features as:

— 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 is contained within the JPX file in contiguous form, then it shall be encapsulated
within a Contiguous codestream box as specified in the JP2 file format and M.11.8; the file shall not also contain a
Fragment table representing that contiguous codestream. If the codestream is contained within the JPX file in multiple

Figure M
fragment
exist in th

In this ex
show the

within the
The offse

M.11.9).
1 shows how a fragment table is used to specify a complete codestream in an example JRX fild when all
are stored within the file itself. Because the data reference table was empty (no external references), jt may not

JPX file. Boxes other than the fragment related boxes are not explicitly shown.

mple, the codestream is divided into four fragments. The dark lines on the bottom 0f the Media Oata boxes
ortion of the contents of that Media Data box that represents the fragment. Two of those fragments are[contained

same Media Data box. For each fragment, the fragment list specifies the offset and the length of eachffragment.
values point to the first byte of the codestream data, relative to the beginning.of the file. For examplg, the first

fragment |s at the start of the contents of a Media Data box. The offset to that fragment’is to the first byte of the contents
of the box, not to the start of the box header. The length values specify the length only of the actual codestrean data for
that fragnent.
JPY file
Media data Media data Media data Fragment table
A F 3 A F '
Offset/length
Fragment table
4
Fragment list
T.801(R1)_FM.1
Figure M.1 —«Example fragmented JPX file where all fragments are in the same file
To extract the complete.codestream from the file, an application locates the fragment table for that codestream jn the file,
and then parses the offsets and lengths from the fragment list. The application could then simply seek to the locations
specified py the offsets and read the amount of data specified by the length.
Figure M2 shows how a fragment table is used to specify a complete codestream in an example JPX file wheph some of
the fragments 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
3 A y ’
l
/ [
———— e — - I
Offset/length =T /
s ¥
Data reference table 7 | ‘ ‘ | ‘ | |
3 ) \ \ Fragment list
Fragment table
ﬁ RI vd
v v v ! ‘\
Fild X File Y |
Interngt

T81(21)_FM.2

Figre M.2 — Example fragmented JPX file where some fragments are stored in other files or resoyrces

In this example, two of the fragments are stored in separate butlocally accessible files, and one of the fragmentg is stored
across thg internet.

M.5 Combining multiple codestreams

In the simplest JPX file, a rendered result is generated by decompressing a single codestream to one or mpre image
channels @and properly interpreting them in the-context of the associated colourspace specification and optiongl opacity
specificatjon. This mode of operation.is-identical to that offered by JP2 except that JPX offers a widen range of
colourspafes and specification metheds~in addition to this, JPX offers a rich set of methods for combining multiple
codestreams 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 separdte images
are referrgd to as compositing tayers. Each compositing layer comprises a set of channels that an application should treat
as a unit for the purpose of rendering. The JPX file format includes syntax for specifying how the compositing layers in
a file shodild be combinéd by the reader application to produce the rendered result. Both simple still image compositing
and animation are stpported.

For example, ane fayer may be a simple RGBA codestream. Another layer may consist of R, G and B channels|generated
by the application of a palette to one component from codestream 1, and an opacity channel directly extracted from
codestream—

In a JPX file, it is additionally possible to store a single image (or compositing layer) using multiple codestreams. This,
for example, allows the separation 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 I
registration mapping
NN
0 i e
| Codegtream[0] I > / \ > > Palette P> 1 »G > Colour specification
' ( ) T
| Codegtream[1] | > \/ »3 » A ---+ Auxiliary specificatioq
N N AN /
Th1(21)_FM.3
Components Channels

Figure M.3 — Example combination of two codestreams into asSingle compositing layer

M.5.1.1 [Establishing a sequence order for compositing layers

A sequenge order for compositing layers is required for any subsequenttendering or animation of the file. In the simplest
case thergrare no Codestream Registration boxes in the file. In thiscCase, which includes the case where all of the headers
are preser|t as global defaults, codestreams map directly to compesiting layers and the compositing layer sequgnce order
is given bl the sequence order of the codestreams in the file.

If a Component Registration box is present in any Compgsiting Layer Header box, then there shall be one Compositing
layer heager box for every Compositing Layer in the file; each containing at least one Component Registratipn box. In
this case, the order of compositing layers is given byrthe sequence order of compositing layer header boxes in the file.

M.5.1.2 [Establishing an order for channels(in a compositing layer

Where myltiple codestreams are combined-itis necessary to establish a sequence order over the combined set of channels
generated| from them. This sequence order is required so that specific channel numbers can be associated with channel
definitions when using a Channel Definition box.

Channel grdering is zero based-and performed independently for each compositing layer present in the file. The first n
channels {numbered 0 through-to n — 1) within the scope of a particular compositing layer are contributed by channels
defined by the first Codestream Header box referenced in the layer's Component Registration box (where we agsume this
codestream generatesn channels), the next m by the next codestream referenced in the layer's Component Rggistration
box, and po on. Within each codestream, channel ordering is determined by the order of entries in the codlestream'’s
Component Mapping box, or by the order of components in the codestream if no Component Mapping box is Xresent.

M.5.1.3 [EStablishing a sequence order for codestreams

A sequence order for codestreams is required for the subsequent ordering of compositing layers and in particular for the
case where one or more compositing layers comprises more than one codestream.

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.

Any metadata box, including IPR, XML and UUID boxes defined by the JP2 specification as well as additional metadata
boxes defined by thls speC|f|cat|on found at the f|Ie Ievel (not contalned W|th|n any other superbox) shaII also be
considereg-as-e F . AS-with-heade erridden or
ona per codestream or per composmng Iayer ba5|s by the |nclu5|on of correspondmg boxes in the cpdestream

A Codestieam Header box or Compositing Layer Header box may also contain a cross-reference te'a box stored fin another
his cross-reference is very similar to the Fragment Table box used to specify thelocation of a flagmented
codestream. In fact, a Cross-Reference box uses the same data structures as the Fragment Table box, with the gddition of
a field to gpecify the type of box being referenced. If a Codestream Header box or Compositing Layer Header bok contains
a Cross-Reference box, the reader shall consider the box pointed to by the reference'as.f it had been physically|contained
with the Header. Cross-Reference boxes may be used equally for header and metadata.

M.5.2.3 [Labelling and association

The Assofiation box may be used to share a label (or other metadata).between codestreams and compositing| layers by
the inclusjon of a Number List box within the Association box. A Number List box refers, by number, to a set pf entities
in the file} If the first box within an Association box is a Number List box, then any other boxes within the Apsociation
box will Qe associated with all of the entities referred to by the.Number List box.

M.5.2.4

The Compositing Layer Extensions box can be usedito specify a repeating pattern of compositing layer hdaders and
(optionallly) codestream headers.

ompositing layer extensions

A file whjch contains a Compositing Layer Extensions boxes can be meaningfully interpreted by readers which do not
understanfl the Compositing Layer Extensiens box, because all top-level Codestream Header boxes and Compositing
Layer Header boxes shall precede any.€Coempositing Layer Extensions box and all compositing instructions foynd within
a Compoditions box shall refer only totop-level compositing layers. The Compositing Layer Extensions box may be used
only when there are a well-defined number of top-level codestream headers and top-level compositing laygrs, which
means thgt at least one Codestream Header box and at least one Compositing Layer Header box shall appear gt the top-
level of the file.

A Compgsiting Layer ‘Extensions box defines one or more additional compositing layers, zero or more pdditional
codestream headers-and zero or more additional compositing instructions, to augment the information providgd by top-
level Codpstream Header, Compositing Layer Header and Composition boxes.

Each Conppositing Layer Extensions box has an associated repetition factor Mjclx. The Compositing Layer Bxtensions
box impligitly-defines Mjclx - Cjclx additional codestream headers and Mjclx - Ljclx additional compositing laygrs, where
Cjclx and Ljclx are the number of Codestream Header boxes and the number of Compositing Layer Header boxes that
are found within the Compositing Layer Extensions box. The additional codestream headers and compositing layers 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
executing the instructions in sequence order, from each instruction set in sequence order and repeated according to its
repeat value. The file is considered fully rendered either when there are no more instructions to execute, or no compositing

Iayer is prlEocut for-the-currentinstraction:

Instructiops found within the top-level Composition box are applied only to top-level compositing tayers (i.e.,
compositing layers other than those defined by Compositing Layer Extensions boxes). Instructions ‘found within a
Compositjng Layer Extensions box apply only to the compositing layers defined by that box.

M.5.3.1 [Composition rendering

The composition data defines the width and height of a render area into which the compositing layers are to be[rendered.
The size of the render area is the size of the rendered result and can be thought of as the,overall image size. Farameters
in each repder 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 respectlto the top
left corner of the render area;

- the width and height of the region within the render area into which the (possibly cropped) compositing
layer is to be rendered.

For example, in a composite image using an RGBA colour space for all compositing layers, the current composjting layer
(R, Gt, B}, Ay is ideally rendered over the background (Ry, Gp, By, Ap) to form the composed image (R¢, Gc, Be, Ac)
according|to the following equations:

Ac=1~(10-4) - (1—-4)
Ay

S = AC
(-4 -4
=
R, = sR, + tR,
G, = sG, + tG,
B. = sB, + tB, (M-1)

In the casg where the bottom-sample is fully opaque, this simplifies to:

R = ARy + (1 — AR,
Ge = AtGe + (1= AGy
B, =AB,+(1—-A)B, (M-2)

t

However [the\above equations require access to the background pixel, and for a variety of reasons, individual agplications
may not be wilTing or able To support such a rendering process. It 15 possible to emulate continuous alpha blending even
in these cases by thresholding or dithering the provided alpha channel in order to generate a set of completely transparent
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.

—  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
place the reader into a frame composition mode. This mode is exited when an instruction with non-zero
LIFE is encountered or when the end of the animation is reached. The set of instructions executed whilst
in frame composition mode is referred to as a frame composition sequence. In frame composition mode, a

y g e frame [definition
sequence. The PERSIST and LIFE parameters for the closing instruction of a frame definition-are applied
to the virtual compositing layer as a whole. That is, upon close of frame compositiop,mode,|all of the
compositing layers involved in the frame composition sequence acquire the PERSISFand LIFH values 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 forlindefinite
life. If the driving application has the capacity, it shall progress to the next instsuction upon conjpletion of
some predetermined user interaction such as a mouse click. In addition to-its use in animations, this feature
may be used in files that store multi-page documents in order to force the'reader to pause after composition
of each page.

In general, screen updates shall not be performed after an instruction which haszero LIFE unless it is the last iphstruction
in a framg composition sequence.

M.5.3.2.2) Assigning compositing layers to instructions and layer-+euse

Compresgion of animated sequences is considerably improved if. compositing layers can be reused in multiple Lrames. At
the same time it is desirable that instructions only reference, compositing layers that have already been decogled or are
sequentially next in the file. Further, decoders can better optimize their caching of compositing layers if thqy can tell
which layers are to be reused ahead of time. These policies are enforced in JPX via the discipline used to] associate
compositing layers with instructions.

The first instruction is always associated with the first compositing layer in the file. This instruction may specify a value
for NEXT[-USE. This value is interpreted as the-number of instructions, including the current instruction, until the current
compositing layer is reused. A value of zero indicates to the reader that the current compositing layer shall npt be used
again and|may be forgotten. A value of oneimplies that the current compositing layer is to be used with the next ipstruction
and so on] The reader shall maintain afecord of which instructions have been assigned compositing layers in thjs fashion.
Whenevef an instruction is encountered that does not have a compositing layer assigned to it, the next unused compositing
layer defiped in the file in sequence order shall be used; the use of NEXT-USE does not specify a loop] A single
compositing layer may be reused any number of times in any given animation.

M.5.3.2.3] Looping animations

It is possiple to speCify that an animation should be looped. That is, when the animation has been fully renfered, the
reader resets thesdisplay to its initial state and displays the animation over again. A loop count is optionally sgecified as
part of the composition options. As with life, the maximum value for the loop parameter is used to indicate|indefinite
looping. Logping impacts the caching strategy used by the reader as many readers will not wish to free any compositing
layer 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 be read by a reader with specifically standardized capabilities (such as a conforming JP2 or Baseline JPX reader).
However, the combination of technologies required may be too complex for a simple listing of the functionalities in the
file. For this reason, the technology/feature set information takes the form of encoded logic expressions and are|contained
in a Read¢r Requirements box.

In general, a reader need only identify that it satisfies the requirements outlined in point 2 in order to,belassurefl of being
able to read enough of the file to fulfil the creator's intent. On the other hand, an editor may want to .inform a uger if there
is any aspect of the file that it does not know how to support. Because all JPEG 2000 family\files are not necessarily
interopergble with all JPX readers, these expressions describe each aspect of the file, and the’combination of fegtures that
shall be syipported to interpret the file correctly.

M.6.1 ypes of expressions

M.6.1.1 [Fully understand aspects

An encodpd expression is used to describe all of the items contained within the file, and the combinations of furctionality
required tp read these items. This expression describes each major option‘a’reader has for processing the featyres of the
file, regarpless of whether support for a particular feature is requiredto'make use of that aspect of the file. Fof example,
a file may contain metadata describing an original file from which’it'was created; however, a reader is not required to
understanl this metadata in order to correctly use the file.

M.6.1.2 [Display contents

A secondexpression is used to describe the functionality required to display the contents of the file as desired. [Files may
contain sgveral representations of a single image; s, that the expression to display the contents correctly may include
several options.

M.6.1.3 [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 fallbgck methods are intended te be ultimately interoperable, as such, they may not generate the exact desined output.

A list of fallback methods is stered in the File Type box at the beginning of the JPEG 2000 family file: all f{les which
start withja JPEG 2000 Signattire box shall contain a File Type box. The File Type box contains a list of knowp methods
of reading the file. For example, the JP2 file format defines the JP2 fallback position. This specifies thaf a reader
conforming to the JP2file format specification, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause 1.2.§, can read
the file.

This Recdmmendation | International Standard defines one additional fallback position, JPX baseline, as defined in clause
M.9. Thege define other minimal readers, and a set of file formats that are guaranteed to be readable by those rpaders.

Fallback methods are stored in the File Type box. The order within the box is of no significance. When a reader supports
more than one of the fallback methods described in the file, it is up to the reader to determine which fallback methods to
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
stored once, and bitmasks are used to determine which sub-expressions belong to each expression.

M.6.2.1 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:
(A|D)&(B|D)&(C|D)&E (M-4)

Each sub-expression is expressed as a bit-array, with a flag set for each option appearing in that sub-expressign. So, for
example, the expression (A | D) becomes:

Table M.1 — Example expression

A B C D
1 0 0 1 0

The full expression is written in table form (see Table M.2):

Table M.2 — Expanded expression

D B|D C|D
0 0

R|lO|lO|OC|O|Mm

O|FRr|O|O|F,|—

1 0
0 1
1 1
0 0

mo|lo|m|>

with each| sub-expression in a column of the table.¢Thus, to satisfy the requirements of this expression, a reafer has to
support one of the functionalities in each column-of-the table.

However | there are two expressions to be encoded, and they will, in general, share common factors (bgcause the
functionality required to display a file is part of the functionality required to fully understand its contents). Thys, the two
expressions are combined into one tableyand a bitmask is provided to determine which columns in the table[belong to
each expression. So, if the expression in Equation M-3 is Display Contents and if the expression for Fully Understand
Aspects ig:
((A|D)&(B|D)&(C|D) &E) & (F| G) (M-5)

then, 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

1 0 0 0 0 A
0 1 0 0 0 B
0 0 1 0 0 C
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 11111
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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
generating 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 use i

M.6.2.2

n reading the file, by extracting the row corresponding to each functionality present.

Encoding requirements expressions

The requirements expressions are encoded in the Reader Requirements box, starting with a mask length, indicating the

width of t

he r‘nmr\nfihiliry hifchlzc, to hym pmr‘icinn This is followed hy the hitmasks for the I:nlly IUndersta

Aspects

and Displ
the rows

The list in
by a list ¢
these. Ap
structure

M.6.2.3

For exam

colour space, and a multiple codestream version containing the compositing layers, to allow an editor to wor

image, an

and to ful

Equation

Equation

The resulfing expression table.and bitmasks is shown in Table M.4.

The bitm
Display G

hy Contents expressions, and in turn by a list of the features used and their compatibility masks, obtd
f the expression table.

cludes a set of standard features used (as specified in Table M.14) and their compatibility,bitmasks
f vendor-specific features (represented as UUIDs), together with the compatibility bitmasks assoc
rt from the separation into standard and vendor-specific features, the order of presentation is unimpo
s fully specified in clause M.11.1.

Examples

ble, consider an image processing program that produces a JPX file containing a single image in

i includes metadata containing the history of the file, then the requirement to display the file is:
sRGB & (single codestream | (multiple codestream &compositing))

y understand the file requires:

SRGB & (single codestream | (multiple codestream& compositing)) & metadata

M-6 factors as:

SRGB & (single codestream | multiple codestream) & (single codestream | compositing)

M-7 factors similarly, so the sub-expressions are:
a) SRGB;

) single codestream | multiplecodestream;

c) single codestream | compositing;

d) metadata.

isks indicate which sub-expressions are required for each degree of functionality. Thus the expr
ontents is:

(Sub-expr a) & (Sub-expr b) & (Sub-expr d)

ined from

followed
ated with
[tant. This

the SRGB
with the

(M-6)

(M-7)

(M-8)

pssion for

(M-9)
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Table M.4 — Example of a Reader Requirements expressions for Equations M-6 and M-7

Sub-Exp a
Sub-Exp ¢

SRGB
single codestream
multiple codestream

compositing

metadata

Fully Understand Aspects bitmask

Rlmlo|o|r|~|o| Sub-Expb
o|r|~|o|o|o|o| Sub-Expd

R|lrJlo|lo|lo|o|r
R|lrlo|lr|lo|lr|o

Display Contents bitmask

Thus, the jabove table is stored in the file as shown in Table M.5:

Table M.5 — Example of a Reader Requirements box for Equations M#6\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 S0 | 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 secopd example, supposé the ACME printer driver produces a JPX file which contains a single codestrepm sRGB
image, fof display, and a CMYK image which can be read by a printer driver using ACME's vendor-specific [functions.
For this fifle, the expression.to Fully Display Contents is:

(sRGB\& single codestream) | (CMYK & single codestream & ACME extensions) (M-10)
while the expression to Understand All Aspects is:

((sRGB & single codestream) | (CMYK & single codestream & ACME extensions))
& metadata & ACME print metadata (M-11)

Factorizing these into sub-expressions gives:
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

As always
can use to|
can invol

These are

Also cons
they are ¢
colourspal
which the

sRGB 0 1 0 1 0

CMYK 0 1 0 0 0

single codestream 1 0 0 0 0
metadata 0 0 1 0 0

ACME extensions 0 0 0 1 0
ACME print metadata 0 0 0 0 1
Fully Understand Aspects bitmask 1 1 1 1 1
Display Contents bitmask 1 1 0 1 0

, each column represents a factor sub-expression, and each row provides a compatibility bitmask whid
determine whether it can read the file. This example includes vendor-specific features, andthat’sub-e
e both standard and vendor-specific functionality.

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 T
Fully Understand Aspects bitmask 1
Display Contents bitmask 1 1 0 1 0
Number of Standard Features 4
Standard Feature Compatibility list sRGB
o b1 [ o | 1 | o |
CMYK
o | 1 | o | o | o |
single codestream
1 | o | o | o | o |
metadata
o | o | 1+ ] o | o |
Number of Vendor keatures 2
Vendor Feature Compatibility list ACME extensions UUID
o | o | o | 1 | o |
ACME print metadata UUID
o | o | o | o | 1 |

ider a JPXile that contains two compositing layers that are not combined by either animation or cor
bnceptually two separate rendered results. The first compositing layer contains a single codestream in

h a reader
pressions

hpositing;
the SRGB

Ce (specified using the Enumerated method). The second compositing layer contains a single codes|

fream, for

colourspace is specified using the Any ICC method. In addition, the second compositing layer contaivlls vendor-

specific
For this fi

etadata.
le, the expression to Fully Display Contents is:

(sRGB & single codestream) | (full ICC & single codestream & ACME extensions)

while the expression to Understand All Aspects is:
((sRGB & single codestream) | (full ICC & sRGB & single codestream & ACME extensions))

Factorizing these into sub-expressions gives:

and:

154

single codestream AND (sRGB | full ICC) AND (sRGB | ACME extensions)

single codestream AND sRGB AND full ICC AND ACME extensions

(M-14)

(M-15)

(M-16)

(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

:2023 (E)

M.6.3

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
o |11 ]1]o] o]
Any ICC
o1 ]oJofafo]

single codestream
t[ofofJo]ol]o [&
Number of Vendor Features 1
Vendor Feature Compatibility list ACME extensions UUID
o fofJo]1 ] ol |

Testing an Implementation against requirements expressions

In order t

corresponding to each functionality which it provides. If a flag is set in the bithrask, then this function is an op
sub-expression corresponding to the flag.

Thus, if the reader performs a bitwise OR of the bitmasks for all of.tkie functions which it provides, it can
whether if can read the file by comparing the result with the Fully<Understand Aspects and Display Contents

from the
file bitm3
functiona

If there is
to read th

Consider

determine whether it can read the file, the reader extracts the compatibility bitmask from the featurg

ile. Also, by reconstructing the expression table and loeking up the column (or columns) of the table

ity is required to read the file.

functionality provided by the reader, which is not in the feature list for the file, then the feature is ng
 file (and the bitmask may be assumed toe'all zeroes).

he first example Reader Requirements box (Table M.9):

Table M9 Example Reader Requirements box to test

list entry
ion in the

Hetermine
bitmasks
where the

sk flag is set, and the reader's compatibility bitmask flag is not, the reader can determine which extra

t required

Mask Length (in bytes) 1
Fully Understand Aspects bitmask 1 1 1
Display 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
o [ 1 | o [ o |
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 |tems) can be extended unllaterally without
consultatipa-wi : owjndividual
vendors t¢ indicate custom colourspaces through a form of enumeratron (usrng UUID s) wrthout mvolvrng athird-party.
Other feafures (denoted reserved items) require specification in a Recommendation | International Standard.

M.7.2  |Reserved items

M.7.2.1 |Definition

Reserved [items are those elements of a JPX file that are restricted to a limited (albeit large’in some cases) number of
values. Fqr these items, there exists the possibility that two vendors would use the same,value for different meanings if
there is ng third-party mediating the use of the element values. Also, in most cases;ithére are additional critefia for the
allocation| of values to registered items. Because the number of available values for\most registered items is lifnited, and
given thatmost problems can be solved using publishable items rather than registered items, the allocation of afregistered
value is made through Recommendations | International Standards. For example,’an Enumerated Colourspace is p reserved
item; the |value is indicated through the use of a 4-byte integer that js Specified in Recommendations | International
Standards

Table M.11 lists reserved items.

Table M.11 — Items which can be extended thrgugh Recommendations | International Standards

Item Purpose

Enumerpted colourspaces Define additional standard colourspaces

Desired feproduction boxes Define additionalreproduction scenarios and the data required to transform images for dutput in
those scenarios

Comgatibility modes Defineradditional 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.7.2.2 [Enumerated coloufspace

New values of the EQumMCS field in the Colour Specification Box are specified in Recommendations | International
Standards Each enumerated colourspace contains a complete colourimetric definition of that colourspace, instrfictions on
how to usg images in that colourspace, any required enumerated parameters (for the EP field in the Colour Spgcification
box) and any’default values of those parameters.

NOTE L_Nan-standard r‘nlnnr:lnnr‘nc shall he :Irmr-ifind ||¢ing the \endar (‘nlnllrclnam: methaod

M.7.2.3 Desired reproduction boxes

New box types for Desired Reproduction information (like the Graphics Technology Standard Output box in the JPX
format) are specified in Recommendations | International Standards. Each desired reproduction contains a complete
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

ltem Purpose \/alues
Vendor feature codes Define additional vendor-specific VFI field in the Application Profile bx
features
Vendor colourspaces Define additional vendor-specific VCLR field in the METHBATField fpr
colourspaces Colour Specification boxgsthat use tie
Vendor Colaourmethod
Binary filter algorithms Define additional algorithms for use in F field in the Binary Filter box
the Binary Filter box
UUID metadata Define additional metadata for use within UUID's used in UUID boxes
UUID boxes
XML metadata Define additional metadata for use within Document Type Definitions (DTD's) gnd
XML boxes XML Schema's used in XML boxes

M.8 Differences from the JP2 binary definition

The box $tructure of a JPX file is identical to that of a JP2 file A*JPX file is a sequence of boxes, defingd in Rec.
ITU-T T.800 | ISO/IEC 15444-1, Clause 1.6. However, many new.boxes are defined, and the structures of several boxes
are extended as follows:

—  The BR field in the File Type box shali~be "jpx\040" for files that are completely defindd by this
Recommendation | International Standard. In addition, a file that conforms to this Recommgndation |
International Standard shall have at feast one CLi field in the File Type box, and shall containfthe value
'jpx\040" in one of the CLi fields inithe File Type box.

- The MinV field in the File Typebox shall bet set to 1, indicating a minor revision to the standand.
- Additional forms of the Colour Specification box are defined (M.11.7.2).
—  The JPEG 2000 compressed 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 of-the storage of the JP2 header box within a JPX file.

- Additional box types are defined within the scope of this Recommendation | International Standard.

M.9 IConformance

M.9.1 |Intérpretation of JPX data structures

A conforming 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 compositing layer shall belong to the HTONLY set specified in Rec.
ITU-T T.814 | ISO/IEC 15444-15 and shall not require support for extensions other than the irreversible decorrelation
transformptior—(specifiecHn—clatse33--HDandnon=tineartty-transformation—{specifiecHrAnme extensions. Files
that are written in such a way as to allow a reader that supports only this JHX Baseline set of features toprogerly open
the file shall contain a CLi field in the File Type box with the value 'jhxb' (0x6a68 7862). All JHX bas€liné rpaders are
required tp properly support all files with this code in the compatibility list in the File Type box.

M.9.2.1

Support for compression types other than JPEG 2000 (the C field in the Image Header box(='7) shall not be rgquired to
properly display the file.

M.9.2.2

Support for multiple compositing layers is not required to properly display the file..However, the file may contaip multiple
compositing layers. If the file does contain compositing layers, the first compositing layer in the file (signalled By the first
Compositing Layer Header box) shall be rendered. That compositing layershall consist of one and only one cddestream,
which shgll represent the rendered result as rendered into a single codestream. In addition, the codestream that shall be
processed| by a reader that only supports the JPX feature set shall bethe first codestream in the file.

ompression types

ompositing layers

The codegtream specified by the first compositing layer shali’be compressed using the JPEG 2000 compression @lgorithm,
as defined by Rec. ITU-T T.800 | ISO/IEC 15444-1 and shall not require support for extensions other than the irfreversible
decorrelafion transformation (specified in clause J.3:1.1.1) and non-linearity transformation (specified in Annex K)
extensions.

A conforing JPX baseline reader is not required to support other portions of the multiple component trangformation
extension| If support for the irreversible ‘decorrelation transformation is required, then the first codestreanm shall be
restricted fas follows:

- The value of the Qmec field in any MCC marker segment shall be 1.
- The Xmcc! field-incany MCC marker segment shall indicate an array based decorrelation transfgrmation.
L The Tmcc! field in any MCC marker segment shall indicate an irreversible transformation
—  The Nmca-field in any MCO marker segment shall be 1.

That codgstream may/ contain other extensions provided that support for those extensions is not required to decode the

codestreal
Other coJZstreams in the file may require support for other extensions in order to be decoded.

M.9.2.4 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 search.at hyte 0 of the file and proceeding sequentially to the end of the file

M.9.2.6 [Cross-reference boxes

All CrosstReference boxes that shall be parsed in order to properly interpret or decode the first compaositing Igyer in the
file shall ¢nly point to fragments that are contained within the JPX file itself. Those fragments shall.be in the spme order
in the file|as they are listed in the Fragment List box, starting the search at byte 0 of the file and\proceeding sepuentially
to the end|of the file. In addition, all fragments shall be found in the file before the data representing the codestfeam used
by the compositing layer. If that codestream is specified by a Contiguous Codestream bex; then all fragments for the
cross-reference shall be found before that Contiguous Codestream box. If the codestream is specified by a Fragnpent Table
box, then|all fragments for the cross-reference shall be found before the Media Déta box containing the firsf fragment
from the ¢odestream.

M.9.2.7 PP2 Header box location

The JP2 Kleader box shall be found in the file before the first Contigueus €odestream box, Fragment Table bpx, Media
Data box,[Codestream Header box, and Compositing Layer Header baxyAny information contained within the JP2 Header
box shall |pe applied to the first codestream, as well as being usetas default information for all other codestfeams and
compositing layers; the boxes within the JP2 Header box shall notbe found within the Compositing Layer Heafler box or
the Codestream Header box associated with the first compositing layer.

M.9.2.8 [Opacity

A baseling JPX reader shall properly interpret opacity channels, through either direct mapping to a codestream cpmponent
using either the Channel Definition box or the Opacity box, or by expansion from a palette. The use of opacity joutside of
the use of compositing layers within the JPXfile indicates that the decoded image data shall be composited onto an
application defined background.

M.9.2.9 [Other data in the file

A baseling JPX file may containwother features or metadata, provided they do not modify the visual appearance pf the still
image as Yiewed using a readér that 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.
Applicatipns that understand other data or features in the file are encouraged to support the behaviours and|functions
associated with that-extended data.

M.9.2.10 JPEG XR profiles

In addition-te.codestreams conforming to the ITU-T 80x | 15444-x series of Recommendations | Standards, f JPX file
may also Incltude codestreams conforming 10 29199-2 (JPEG XRJ, and four protiles are detined in the folfowing closely
mirroring the profiles of 29199-2. The four profiles are denoted JPEG XR Sub-baseline Profile, JPEG 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:

’ ' - y 'grey, bi'
level black on white or bi-level white on black for the JPEG XR baseline and JPEG XR, sup-baseline
profiles.

—  Inaddition to the above, the enumerated method EnumCS value indicating CMYK orthe Any 1JC method
for the JPEG XR main profile.

—  In addition to the above, the enumerated method EnumCS value indicating ¥ ChCr(1) through [y CbCr(3)
for the JPEG XR advanced profile.

M.9.2.14 [Codestream fragmentation

The codegtreams representing the data of the first compositing layer of files conforming to the JPEG XR prdfiles shall
not be fragmented.

M.9.2.15Cross Reference Boxes

Files conforming to the JPEG XR profiles shall not use Cross Reference Boxes for replacing boxes necessary [to decode
the first cpmpositing layer.

M.9.2.16 PP2 Header Box Location

The JP2 Header box shall be found in the file before the first Contiguous Codestream box, and Compositing Layer Header
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 ithin the
JP2 Headgr box shall not be found within the Compositing Layer Header box or the Codestream Header box @ssociated
with the f|rst compositing layer.

M.9.2.17 [Opacity

A JPEG KR profile conforming reader shall properly interpret opacity channels, through either direct magping to a
codestreamn component using the-Channel Definition box. Other means of indicating opacity, e.g., by the Oppcity box,
need not fo be supported. The'use of opacity outside of compositing layers within the JPX file indicates that the decoded
image datp shall be compgsited onto an application defined background.

M.9.2.18 |Rotation

A JPEG |XR cenforming reader shall properly interpret the ROT field of the Instruction Set box defined in
clauses M.11.10.2 and M.11.10.2.1. Other instructions defined in the Instruction Set box need not to be honjoured for
compliange'to'the JPEG XR profiles.

M.9.2.19 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
of that group of parameters (one set of each parameter in the group, followed by the next set of each parameter in the
group). Optional parameters or boxes will be shown with a dashed rectangle.

The figure is followed by a list that describes the meaning of each parameter in the box. If parameters are regeated, the
length ang nature of the run of parameters is defined. As an example, in Figure M.4, parameters C, D, E-and'Fare 8, 16,
32 bit and variable length respectively. The notation GO and GN-1 implies that there are n different patameters, 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 J9| followed
by H1 and J1, continuing to HM-1 and JM-1 (M instances of each parameter in total). Also, the fieldE is optiongl and may
not be foynd in this box.

After the llist is a table that either describes the allowed parameter values or provides references to other tables that describe
these valyes.

8-bit paraneter 32-bit parameter Run of N parameters
C D E F G(] G\'—l Hﬂ J() HM—I JM—I
T401(21)_FM.4
Variable size parameter Run of M sets of parameters

Figure M.4 — Example of the box description figures

In additiop, in a figure describing the contents of a superbox, an ellipsis (...) will be used to indicate that cont¢nts of the
file betwden two boxes is not specifically_defined. Any box (or sequence of boxes), unless otherwise specifled by the
definition|of that box, may be found in place of the ellipsis.

AA BB

T.801(21)_FM.5

Figure M.5 — Example of the superbox description figures

For example, 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)

Component Mapping box

Composition box (M.11.10)

Composition Options box (M.11.10.1)

Instruction Set box (M.11.10.2)

1 PR o) 1
CITaTeT DO 00X

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:1.11)

Decompesed-XML box (M.11.2.26)

Assatiation 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 box (M.11.7.7)

Intellectual Property Rights box (N.5.4)

Resolution box

Capture Resolition box

Defaylt Display resolution box

UUID Info box

UUID List box

Data Entry URL box

Pixel,Format Box

Multiple Codestream box (M.11.23)

Multiple Codestream Info box (M.11.24)

Contiguous codestream box (M.11.8)

ral M L. VAV, BN e T
s RS

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.
Bits Per (‘r\mr\nnnht box (I\/I 115 ’)) 'hlnr‘r*' No This hox cparifinc the bit dnr\fh of the components in the
(0x6270 6363) file in cases where the bit depth is not constant jacross all
components.
Codestream Header box (superbox) ‘jpch’ No This box specifies general information, such as pit depth,
(M.11.6) (Ox6AT0 6368) height and width about one specific Codestream In the file.
Composifing Layer Header box jplh’ No This box specifies general, \information, |such as
(superbox) (M.11.7) (0x6A70 6C68) colourspace and resolutiony’* about one | specific
compositing layer in the file:
Colour Gyoup box (superbox) ‘cgrp' No This box groups a sequence of Colour Specificajon boxes
M.11.7.1) (0x6367 7270) that specify the different ways that the colourspace of a
layer can be processed.
Colour Specification box ‘colr’ Yes This box specifies one way in which the colourspace of an
(M.11.7.3) (0x636F 6C72) image can.be) processed. The definition of this box is
extended<from the definition in the JP2 file fornfat.
Opacity fox (M.11.7.6) ‘opct’ No Thig’box specifies how opacity information is fontained
(0Ox6F70 6374) within a set of channels.
Codestreagm 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 layef.
Data Refg¢rence box (M.11.2) 'dtbl’ No This box contains a set of pointers to other fil¢s or data
(0x6474 626C) streams not contained within the JPX file itself.
Fragment Table box (superbox) ftbl' No This box specifies how one particular codestrean} has been
(M.11.3) (0x6674 626C) fragmented and stored within this JPX file of in other
streams.
Fragmen{ List box (M.11.3.1) flst’ No This box specifies a list of fragments that make up one
(0x666C 7374) particular codestream within this JPX file.
Cross-Reference box (M.11.4) ‘eref' No This box specifies that a box found in anothef location
(0%6372 6566) (either within the JPX file or within another fille) should
be considered as if it was directly contained at this location
in the JPX file.
Contiguolis Codestream box 'jp2c’ No This box contains one codestream from the JPX file,
(M.11.8) (0x6A70 3263) stored contiguously in a single box.
Media Data box (M.11.9) ‘'mdat’ No This box contains generic media data, which is rgferenced
(0x6D64 6174) through the Fragment Table box.
Composition box.(superbox) ‘comp’ No This box specifies how a set of compositing layers shall
(M.11.10 (0x636F 6D70) be combined to create the rendered result.
Composifion©ptions box ‘copt’ No This box specifies generic options for the comppsition of
(Mlllol) (GAGSGF 7074) |||u:t;p:c bUIII}JUb;t;IIH :aycm.
Instruction Set box (M.11.10.2) inst' No This box specifies the specific instructions for combining
(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).

© ISO/IEC 2023 - All rights reserved

Rec. ITU-T T.801 (V3) (08/2023) 163


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

ISO/IEC 15444-2:2023 (E)

Table M.13 — Boxes defined within this Recommendation | International Standard

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.
ROI Description box (M.11.16) roid’ No This box specifies information about specific regions of
(0x726F 6964) interest in the image.
Digital Signature box (M.11.17) ‘chek’ No This box contains a checksum or digital signafure for a
(0x6368 636B) portion of the JPX file.
MPEG-7|Binary box (M.11.19) 'mp7b’ No This box contains metadata in MPEG}7-binafy format
(0x6D70 3762) (BiM) as specified in ISO/IEC 23001-1:
Free box(M.11.20) ‘free’ No This box contains data that is no\lenger used and may be
(0x6672 6565) overwritten when the file is updated.
Intellectupl Property Rights (clause ipr' No This box contains intellegtual rights information.
N.5.4) (Ox6AT0 3269)
Pixel Format box 'pxfm’ No This box specifieS/the interpretation of recqnstructed
(M.11.7.8) (0x7078 666d) sample values_as, integer, fixed point or floafing point
numbers.
XML box (M.11.18) 'xmI\040' No This box.contdins XML formatted information.
(0x786D 6C20)
Compositing Layer Extensions box jelx' No Thiscbox defines an extended set of compositipg layers,
(M.11.21 (0x6A63 6C78) codestream headers and compositing instructions.
Compositing Layer Extensions Info jixi' No This box provides information concerning the fepetition
box (M.1[L.22) (0X6A6CT7869) factor, compositing layer indices and other attfibutes of
the compositing layers and compositing inptructions
found within the Compositing Layer Extensiong box.
Multiple Codestream box (M.11.23) 'j2ex! No This box represents a concatenated collection pf one or
(0x6A32 6378) more contiguous codestream boxes or fragment table
boxes.
Multiple Codestream Info box 'j2¢i' No This box contains information describing the| Multiple
(M.11.24) (0x6A32 6369) Codestream box in which it is found.
Grouping box (M.11.25) 'grp\040' No This superbox is a container (or wrapper) for anly number
(0%6772 7020) of boxes which might otherwise be found as the rfon-initial
sub-box of an Association box.
Decompdsed XML box (M.11.26) ‘dxml’ No This box provides front-matter from an XML dogument as
(0x786D 6C64) part of a mechanism for decomposing a single XML
document into a hierarchical collection of Agsociation
boxes.
XML Hegder box (M-14.27) ‘hxml’ No This box provides an element header (the openinp element
(0x786D 6C68) tag with attributes) as part of a mechapism for
decomposing a single XML document into a higrarchical
collection of Association boxes.

M.11.1 Reader Requirements box

The Reader Requirements box specifies what features or feature groups have been used in this JPX file, as well as what
combination of features shall be supported by a reader in order to fully use the file. The Reader Requirements 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 O, 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 SE’ SNI” SEVF NS
LTI T T T M T T T T T .87
VF A%
T.01(21)_FM.7
Figure M.7 — Organization of the contents of the Reader Requireménts box

ML Mask length. This field is a byte that specifies the number of bytes used for the compatibil|ty masks.
This field is encoded as a 1-byte unsigned integer.

FUAM: Fully Understand Aspects mask. This field is the mask (describing the Fully Understanfl Aspects
expression. This field is specified as a big endian integér, of the size as specified by the MU field.

DCM:  Display Contents mask. This field is the mask describing the expression to display the image|correctly.
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 contaiged within
the Reader Requirements box. The value of.this field shall be equal to the number of SFi fi¢lds found
within the Reader Requirements box. This field is encoded as a 2-byte big endian unsigned integer.

SFi: Standard flag. This field specifies a standard feature flag. The number of SFi fields shall e equal to
the value of the NSF field. This field is encoded as a 2-byte big endian unsigned integer. Lepal values
of this field are specified in Table M.14 and in extensions to this standard.

SM; Standard mask. This fieldspecifies the compatibility mask for the feature specified by SFL.|This field
is specified as a big endian integer of the size as specified by the ML field.

NVF:  Number of vendof features. This field specifies the number of vendor features specified in the Reader
Requirements,box. The value of this field shall be equal to the number of VF!' fields in the Reader
Requirements-box. This field is encoded as a 2-byte big endian unsigned integer.

\V/Fi: Vendor(feature. This field specifies one vendor defined feature that is used in this JPX file.|This field
is encoded as a 128-bit UUID. Information about the feature specified by this UUID can bg specified
using'the UUID Info box as defined in the JP2 file format.

VMi: _~\endor 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 SF! 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

9 Non-premultiplied opacity channel

10 Premultiplied opacity channel

11 Chroma-key based opacity

12 Deprecated

13 Fragmented codestream where all fragments are in the file and in order

14 Fragmented codestream where all fragments are in the file but are out of order

15 Fragmented codestream where not all fragments are within the file but all are in locally accessible files

16 Fragmented codestream where some fragments may be accessible only through a URL specified network cenpection

17 Compositing required to produce rendered result from multiple compositing layers

18 Deprecated

19 Deprecated

20 Deprecated

21 At least one compositing layer consists of multiple codestreams

22 Deprecated

23 Colourspace transformations are required to combine compositing layers; not alf compositing layers are in|the same
colourspace

24 Deprecated

25 Animation

26 First animation layer does not cover entire rendered result area

27 Deprecated

28 Reuse of animation layers

29 Deprecated

30 Some animated frames are non-persistent

31 Deprecated

32 Rendered result involves scaling within a layer

33 Rendered result involves scaling between.ayers

34 ROI metadata

35 IPR metadata

36 Content metadata

37 History metadata

38 Creation metadata

39 JPX digital signattres

40 JPX checksums

41 Desired Gfaphic Arts reproduction specified

42 Deprecated

43 Deprecated

44 Compositing layer uses Any ICC profile

45 Deprecated

46 Deprecated

47 BiLevel 1 enumerated colourspace

48 BiLevel 2 enumerated colourspace

49 YCbCr 1 enumerated colourspace

50 YCbCr 2 enumerated colourspace

51 YCbCr 3 enumerated colourspace

52 PhotoYCC enumerated colourspace

53 YCCK enumerated colourspace

54 CMY enumerated colourspace

55 CMYK enumerated colourspace

56 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
62 Non-square samples
63 Deprecated
64 Deprecated
65 Deprecated
66 Deprecated
67 GIS metadata XML box
68 JPSEC extensions in codestream as specified by ISO/IEC 15444-8
69 JP3D extensions in codestream as specified by ISO/IEC 15444-10
70 Deprecated
71 e-sYCC enumerated colourspace
72 JPEG 2000 Extensions codestream as restricted by baseline conformance requirements in clause M.9.2.3
73 YPbPr(1125/60) enumerated colourspace
74 YPbPr(1250/50) enumerated colourspace
75 Codestream contains a JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
76 Codestream contains a Sub-baseline profile J’PEG XR (Rec. JAWU-T T.832 | ISO/IEC 29199-2) compliant bitstfeam.
77 Codestream contains a Baseline profile JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstrean.
78 Codestream contains a Main profile JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
79 Codestream contains an Advanced profile JPEG XR'(Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstrdam.
80 Pixel format "Fixed Point™ is used.
81 Pixel format "Floating Point" is used.
82 Pixel Formats "Mantissa" or "Exponent" are used.
83 Compositing layer uses IEC 61966-2-2 (scCRGB) enumerated colourspace
84 Block Coder Extensions (Annex P)
85 Compositing layer uses sScCRGBIgray scale (IEC 61966-2-2 based) enumerated colourspace
86 JPEG 2000 codestream ¢apabilities specified in Rec. ITU-T T.814 | ISO/IEC 15444-15
The format of the contents of the Reader Requirements box is given it Table M.15.
Fable M.15 — Format of the contents of the Reader Requirements box
Field name Size (bits) Value
ML 8 1,2,40r8
FUAM o - ML Variable

DCM 8- ML Variable

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 DRU DéN/DR_I

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 references,\and thus the pumber 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.800 |
ISO/IEC 15444-1, clause 1.7.3.2. However, in this context, the Logation field in the box is npt specific
to UUID Info Boxes. The meaning of the URL is specified in thecontext of the box that refers to the
particular entry in the Data Reference box.

The indices of the elements in the array of DR! fields is 1\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 referencq is to 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 gontents 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 Fragmgnt Table box specifieS:ithe location of one of the codestreams in a JPX file. A file may contain zerp or more
Fragment|Table boxes. For the.purpose of numbering codestreams, the Fragment Table box shall be considered ¢quivalent
to a Contiguous Codestream+box. Fragment Table boxes shall be found only at the top level of the file or withip Multiple
Codestregm boxes; they'shall not be found within any other superboxes.

The type ¢f the Fragment Table box shall be 'ftbl' (0x6674 626C), and its contents shall be as follows (see Figgre M.9):

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. If the JPX file does contain one or
more Binary Filter boxes, then all offsets in all Fragment list boxes shall be interpreted with respect to the length of the
Binary Filter boxes, as stored in the file, not the length of the data after the application of the filter.

The type ¢f the Fragment List box shall be 'fist' (0x666C 7374) and it shall have the following contents (see\Figyre M.10):

o >
: 0 AN

NF OFF LEN DR

NF-1 NE-1 NF-1

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 stream.
The number of {OFF, LEN, DR} tuplés in the Fragment list box shall be the same numper as the
value of the NF field.

OFFi:  Offset. This field specifies tha offset to the start of the fragment in the specified file. Th offset is
relative to the first byte ofthe file (for example, the first byte of the length field of the JPEG 2000
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 headers of an encapsulating box. This field is encoded as a 32-bit unsigned integer.

DRI: Data referenge: This field specifies the data file or resource that contains this fragment. If{ the value
of this field“is zero, then the fragment is contained within this file. If the value is not zerq, then the
fragment is contained within the file specified by this index into the array of DR! fields i the Data
Reference box, where an index value of 1 indicates the first element in the array. This field s encoded
asa 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

Figure M.

11):

Flst
Rtyp

T.801(21)_FM.11

M.11.5

The JP2 H
file conta

Rtyp:

flst:

The format of the contents of the Cross-Reference box is given in Table M.18.

P2 Header box (superbox)

Figure M.11 — Organization of the contents of a Fragment table box

Referenced box type. This field specifies the actual type (as would be found in theé)TBox field in an
actual box header) of the box referenced by this Cross-Reference box. However, a readef shall not
attempt to locate a physically stored box header for the box represented by, this cross-refefence box,
as it is legal to use a Cross-Reference box to create a new box that is notrcentiguously coptained in
other locations within this or other files, and thus the box header will notexist.

Fragment List box. This box specifies the actual locations of the(fragments of the referehced box.
When those fragments are concatenated, in order, as specified-by the Fragment List box @lefinition,
the resulting byte-stream shall be the contents of the referenced box and shall not include the box
header fields. However, if the referenced box is a superbox;then the offset of the first fraginent does
point to the box header of the first box contained within the superbox. The format of the|Fragment
List box is specified in clause M.11.3.1.

Table M.18 — Format of the conténts of the Cross-Reference box

Parameter Size* (bits) Value
Rtyp 32 0-(232-1)
flst Variable Variable

Header box is syntactically unchanged from the structures defined in the JP2 file format. However, |f the JPX
ns multiple codestream$.or' multiple compositing layers, then any boxes contained within the JP2 Header box

shall be ¢
box does

the JP2 Hpader box to thatwparticular compositing layer.

bnsidered as defaultsfor all codestreams and compositing layers. For example, if a Compositing Layer Header
ot specify a Colodrspace specification, then a reader shall apply the Colourspace Specification contaified within

Also, if the JP2 Header.box specified default information for any codestreams, then the semantic relationship offthe Image
Header bgx and Bits"Per Component box contained within the JP2 Header box shall follow the rules defined in clause

vithin any

superbox). However, certain fallback positions, such as the JPX baseline definition, may restrict the placement of this
box. In addition, if this file does not require the JP2 Header box to meet the requirements of a fallback position, 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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Figure M.12 — Organization of the contents of an Image Header box

Image area height. The value of this field is identical to that defined for the JP2 file format.
Image area width. The value of this field is identical to that defined for the JP2 file format.
Number of components. The value of this field is identical to that defined for the JP2 file format.

Bits per component. This parameter identifies the bit depths and signed/unsigned characteristics of the
component sample values reconstructed from the codestream, stored as a 1-byte field as defined in Table
M.20. If the components vary in bit depth or signed/unsigned characteristics, then the valug ¢f this 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 Per-Component box

defining the bit depth and signed/unsigned characteristics of each component. Ifjall'compo,
the same bit depth and signed/unsigned characteristics, the BPC parameter identifies the bit
signed/unsigned characteristics for all components and has the samepinterpretation to
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
shall be equivalent to the bit depth specified within the cedestream using the data
defined for that particular codestream format. If the compaenents vary in bit depth, ther]
of this field shall be 255, and the superbox that contains-this Image Header box (eith
Header box or a Codestream Header box) shall contain a Bits Per Component box de
bit depth of each component (as defined in clause'l)5.3.2 in Rec. ITU-T T.800 | ISO/IH
1 in the JP2 file format). Components should-be considered to have different bit depth
the magnitude or sign of the bit depth of the 'eomponents differ.

The low 7-bits of the value indicate the bit depth of the components. The high-bit
whether the components are signed orunsigned. If the high-bit is 1, then the componer,
signed values. If the high-bit is O-then the components contain unsigned values.

See Table M.19.

Jable M.19 — Legal C values

nents have
depth and
the BPC

[depth and
structures
the value
br the JP2
fining the
C 15444-
s if either

indicates
ts contain

Value

Meaning

Uncompressed. Picture data.is/stored in component interleaved format, encoded at the bit depth as specified by the

BPC field.

This value is only permitted for codestreams where all components are encoded at the same bit depth. When the bit depth of each

component is not a multiple of 8, component values shall be packed into bytes so that no bits are unused between co
However, the valug ofjthe first component of each sample shall begin on a byte boundary and padding bits having
shall be inserted &fterthe last component of the sample as necessary to fill out the remaining bits to the next byte bound
multiple companent values are packed into a byte, the first component shall appear in the most significant bits of the b
a componetitis larger than a byte, its most significant bits shall appear in earlier bytes.

mponents.
Value zero
pry. When
yte. When

Rec. ITU-T T .4, the basic algorithm known as MH (Modified Huffman). This value is only permitted for bi-leve

| images.

ReeFTU-T T.4, commonly known as MR (Modified READ). This value is only permitted for bi-level inj

ages.

Ree. ITU-T T.6, commonly known as MMR (Modified Modified READ). This value is only permitted for bi-levi

| images.

Rec ITU-T T8 |ISO/NEC 11544 Commonly known as JRIG This value is only permitted for hi-level i

hages.

gl |lwW|N|F

Rec. ITU-T T.81 | ISO/IEC 10918-1 or Rec. ITU-T T.84 | ISO/IEC 10918-3. Commonly known as JPEG. This

compressed image stream shall conform to the syntax of interchange format for compressed image data as

specified

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.

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 format.

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

Values (bits)

MSB LSB Component Sample Format and Sample Precision

x00q— 6000 Componentbitdepth—vatue+t—Fromthitdeepthrough-38-bitsdeeprespectivety{commtimg the sign bit,

- if appropriate)
x01d 0101

Oxx¥q XXXX

Components are unsigned

Components are signed
1111 1111 Component bit depths vary (Bits Per Component Box only)
all othpr 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 gny inverse
multiple component transformation or reverse non-linearity transformation extensionshds’been applied to compongnts in the
codestfeam. In case an extended Rec. ITU-T T.801 | ISO/IEC 15444-2 multiple component transformation is used, the component
bit depths does not necessarily match the data in the S1Z marker of the codestream. For-fixed point and floating point piel formats,
the numerical interpretation of the component sample values depends not only upon the bit depth and signed/unsigned

1xxdq XXXX

characferistics identified by BPC or BPCi, but also on the number of fraction bits'er mantissa bits, as supplied via the P

box. The Bits Per Component box then only specifies the total number of dits required to represent the data and whetl

is sign

M.11.5.2

The Bits Per Component box specifies the bit depth and signed/unsigned characteristics of each fully decq
component, using a 1-byte field for each component, as\gdefined in Table M.20. This box is optional and is onl
in case the bit depths varies between components.

The strug
T T.800

The Format of the contents of the Image Header box is given in Table M.21.

d or unsigned

Bits Per Component box

ISO/IEC 15444-1.

xel Format
er the data

mpressed
required

ture of this box is identical to that defined in clause 1.5.3.2 in the JP2 file format specified in Rec. ITU-

Table'M.21 — Format of the contents of the Image Header box

Fieldname Size (bits) Value
HEIGHT 32 1-(232-1)
WIDTH 32 1-(232-1)

NC 16 1-16 384
BPC See Table M.20
C bo {‘nmpmc:inn T\/an
see Table M.19
UnkC 8 0-1
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 boxes. For example, if a file contains two Contiguous Codestream boxes, followed by a Fragment Table box,
followed by another Contiguous Codestream box and two Multiple Codestream boxes, each with two codestreams, the
JPX file qomtams Cight uudcahcmub, wirere-thecodestreams—contarmed dilc\,ﬂ_y mrthe-firsttwo Cuuﬁguuub €pdestream
boxes arel numbered 0 and 1, the codestream pointed to by the Fragment Table box is numbered 2, thé opdestream
contained| within the last Contiguous Codestream box is numbered 3, and the codestreams contained withip the first
(respectively second) Multiple Codestream box are numbered 4 and 5 (respectively 6 and 7).

The type pf a Codestream Header box shall be 'jpch' (0x6A70 6368). The contents of a Codestream Header| box is as
follows (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 clausq M.11.13.

ihdr: Image Header box. This box specifies information about this codestream, such as its height @and width.
Its structure is specified in clause M.11.5.1.1f the JP2 Header box contains an Image Headgr box that
accurately specifies this codetream, thef/it is not required that this Codestream Header bgx contain
an Image Header box. Otherwise, this-Codestream Header box shall contain an Image Header box. In
addition, if the IPR flag in the Imjage Header box is set to 0, indicating no intellectual propgrty rights
information is specified for this codestream, then this Codestream Header box shall not ¢ontain an
IPR box, and the reader shall not apply the contents of an IPR box at the top level of the file to this
codestream.

bpcc:  Bits Per ComponentboXx. This box specifies the bit depth of each component in the codestfeam after
decompression. Its-structure is specified in clause M.11.5.2.

pclr: Palette boxs-This box defines the palette to use to create multiple components fron] a single
component_Its structure is specified in clause 1.5.3.4 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of 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.

roid: ROI Description box. This box describes regions of interest within this codestream. These ROIs may
| ~"  ormay nat he directly associated with coded ROIs in the codestream 1ts stricture js 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

T8O .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 structure is|specified in clause
M.11.13.

cgrp:  Colour Group box. This box contains the complete colourspace specification (represepted by a
sequence of colour specification boxes) for this compositing layer. Its'structure is specified in clause
M.11.7.1. If neither this box nor a cross-reference to another Cololr Group box are found pithin the
Compositing Layer Header box, then the default value of the<eolourspace specification for this
compositing layer shall be the set of individual Colour Specification boxes found within the JP2
Header box. These Colour Specification boxes shall not be-encapsulated within a Colour Group box.

opct: Opacity box. This box specifies that this compositing layer uses a simple opacity mode. It$ structure
is specified in clause M.11.7.6. If the Compositing Layer Header box contains an Opacity|box, then
it shall not contain a Channel Definition box,~and any default Channel Definition box In the JP2
Header box shall be ignored for this compositing layer.

cdef: Channel Definition box. This box defines‘the'channels in the image. Its structure is specified in clause
1.5.3.6 in Rec. ITU-T T.800 | ISO/IEC #5444-1 of the JP2 file format. This box shall not be found if
this Compositing Layer Header box>contains an Opacity box.

creg: Codestream Registration box., This box specifies the spatial registration between the codegtreams in
this compositing layer. Its structure is specified in clause M.11.7.7. If any Compositing Layer Header
box contains a Codestream(Registration box, then every Compositing Layer Header box shall contain
a Codestream Registration box.

res: Resolution box. Fhis-box specifies the capture and default display resolutions of the |mage. Its
structure is specified in clause 1.5.3.7 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file format.

pxfm:  Pixel Format-Box. This box defines the interpretation of the values in a channel as eith¢r integer,
floating,point or fixed point values. In the absence of this optional box, the bit patterng shall be
interpreted signed or unsigned integers whose bit depths are either defined by the Bits Per Component
Box;-or the Image Header Box, or the Palette Box. The Pixel Format Box extends the channel
description of the Channel Definition Box, the Image Header Box and the Bits Per Compnent Box
(if present). The structure of the Pixel Format Box is specified in clause clause M.11.7.8.

ositing Layer Header box may also contain other metadata boxes, including an IPR box, or cross-references to
other boxgsIf the Compositing Layer Header contains a cross-reference, then the box pointed to by the crosstreference
shall be considered as if it was physically stored in this Compositing Layer Header box.

Also, if 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
Figure M.15):

CLR CLRE!

T.801(21)_FM.15
Figure M.15 — Organization of the contents of a Colour Group box

CLRI:  Colour Specification Box. This Colour Specification box spegifies one method by {vhich the
colourspace of a particular codestream can be interpreted. The fofmat of the Colour Specifi¢ation box
is specified in clause M.11.7.2

M.11.7.2 [Colour Specification box

Each Colpur Specification box defines one method by which an applieation can interpret the colourspace of the
decompressed image data. This colour specification is to e ‘applied to the channel values inferpreted
according to the Pixel Format Box (see clause M.11.7.8) andlassociated to colours according to the|Channel
Definition) Box (see clause M.11.7.5). This association is.to)be interpreted using the value MAX for eafch colour
channel {, as given by Table M.26, in combination withrthe relevant colourspace definition.

In Table|M.24bis, BPCi is used to denote the value of the Bl 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 Component
Box BPC{ 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 Jomponent Box is present. The pixelkformat F' in this table is either the format indicated in the Pixel Fgrmat Box
(see clausg M.11.7.8) if it is present, or shall-be signed or unsigned integer in the absence of the Pixel Format Box.

If the colqurspace is defined by an ICC profile, the input channels should carry unsigned values; usage of signed samples
is discourpged and currently not defined by the ICC. The values x! for channel i, interpreted according to the Pixel Format
Box, shal| be mapped to device.celour values d', as follows.

d' = Dmax' - xi/ MAX/,

Here, Dmiax' is the maximum input value associated with the relevant ICC tone reproduction curve and MAX' depends
on the pixXel format/Fias given by Table M.24bis.

For enumgratee- colourspaces for which the format of the EP field is specified, the mapping from channel values x' to
device colourvalues d' is defined in the corresponding definition of the EP field, see clause M.11.7.4.
NOTEY—-=Currenthy—erty—theClEEah—and-ClHEJab—enumerated—eotoorspaces—detnea—tormattortheEPHeld—etthe 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
contain multiple Colour Specification boxes, and either the JP2 Header box or a particular Colour Group box may contain
multiple Colour Specification boxes. However, all JPX files shall contain at least one Colour Specification box.

The box ty
to clarify
described

pe and binary structure of a Colour Specification box is identical to that defined in the JP2 file format,
the extensibility of the box with respect to defining new colour specification methods, the way in'\
is changed within JPX. The contents of a Colour Specification box is as follows (see Figure/N1;16):

>
E Ol O
o | 2| & [METHDAT
= & [
<
T.801(21)_FM.16

Figure M.16 — Organization of the contents of a ColoarSpecification box
METH: Specification method. This field specifies the method dsed by this Colour Specification bo

the colourspace of the decompressed image. This-field is encoded as a 1-byte unsigned in
legal values of the METH field are as shown injTable M.22.

Table M.22 — Legal METH values

However,
Vhich it is

to define
eger. The

Value

Meaning

Enumerated method. This Colour Specification box indicates that the colourspace of the codestream is speci
enumerated integer code. The definition-ef the format of this method is identical to the Enumerated Methd
However, the JPX file format defineS)additional enumerated values as specified in clause M.11.7.3.1, a
additional parameters for some enumerated colourspaces as specified in clause M.11.7.4.

ied by an
d in JP2.
5 well as

Restricted ICC method. This\Colour Specification box indicates that the colourspace of the codestream is sp
an embedded ICC profile of restricted type. The definition of and format of this method is identical to the |
ICC method defined in the*JP2 file format, clause 1.5.3.3 in Rec. ITU-T T.800 | ISO/IEC 15444-1.

cified by
Restricted

embedded input ICC_profile. Contrary to the Restricted ICC method defined in the JP2 file format, this meth
for any input ICC\profile, defined by ISO/IEC 15076-1. The binary format of the METHDAT field is specified
M.11.7.3.2.

Any ICC method. Fhis‘Colour Specification box indicates that the colourspace of the codestream is specified by an

bd allows
in clause

Vendor Colour method. This Colour Specification box indicates that the colourspace of the codestream is sp
a unique.vendor defined code. The binary format of the METHDAT field is specified in clause M.11.7.3.3.

bcified by

Parfameterized colourspace. This Colour Specification box indicates that the colourspace of the code
parameterized as specified in Rec. ITU-T H.273 | ISO/IEC 23091-2. The binary format of the METHDA

Stream IS
T field is

spécified in clause M.11.7.3.4.

All other values reserved. For any value of the METH field, the length of the METHDAT field may not
applications shall not expect that the APPROX field be the last field in the box if the value of the METH fi
understood. In this case, a conforming reader shall ignore the entire Colour Specification box.

be 0, and
eld is not

176

PREC: Precedence. This field specifies the precedence of this Colour Specification box, with
the other Colour Specification boxes within the same Colour Group box, or the JP2 H

respect to
eader 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 actually represent different colourspaces; the specification of multiple different

colourspaces within a single Colour Group box is illegal.

Table M.23 — Legal APPROX values

Valug 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 colourspaee’with exceptional guality
3 This colour specification method approximates the correct definition of the colourspace with reasonable duality
4 This colour specification method approximates the correct definition of the eolaurspace with poor quality|
All other values reserved
The Formiat of the contents of the Colour Specification box is given in Table.M.24.

Table M.24 — Format of the contents of thevColour Specification box

Field name Size (hits) 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 MAXI
Channel Signedngéss
unsigned, integer 2BPCH
(BPCi< 128)
sigried, integer 2BPC-128
(BPC' > 128)
unsigned, fixed point 1.0
(BPCi < 128)
signed, fixed point 1.0
(BPC' > 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 méthe

EnumcCsS: Enumerated colourspace. This field specifies the colourspace of the image using’an intpger code.

To correctly interpret the colour of an image using an enumerated colourspace, the application
has to know the definition of that colourspace internally. This field contains a 4-byte Ipig endian
unsigned integer value indicating the colourspace of the image. Valid’EnumCS valueg are those
values defined for the Enumerated method in the JP2 file format and-the values defined ps follows
(Table M.25).

Table M.25 — Additional legal EnumCSwalues

Valug

Meaning

Bi-level: This value shall be used to indicate bi-level imageS:\Each image sample is one bit: 0 = white, 1 F black.

YC,C(1): This is a format often used for data that origindted from a video signal. The colourspace is basgd on Rec.
ITU-R BT.709-4. The valid ranges of the YC,,C, comgenents in this space is limited to less than the full fange that
could be represented given an 8-bit representation, Rec. ITU-R BT.601-5 specifies these ranges as well agdefines a
3 x 3 matrix transformation that can be used to{convert these samples into RGB.

YCyC,(2): This is the most commonly used-format for image data that was originally captured in RGB (ungalibrated
format). The colourspace is based on Re¢ZATU-R BT.601-5. The valid ranges of the YC,,C, components in fhis space
is [0, 255] for Y, and [-128, 127] for C}, and C, (stored with an offset of 128 to convert the range to [0, 25%]). These

ranges are different from the ones'defined in Rec. ITU-R BT.601-5. Rec. ITU-R BT.601-5 specifies a 3 # 3 matrix
transformation that can be usedto convert these samples into RGB.

YC,C,(3): This is a formatoften used for data that originated from a video signal. The colourspace is basgd on Rec.
ITU-R BT.601-5. The valid ranges of the YC,C, components in this space is limited to less than the full fange that
could be represented\given an 8-bit representation. Rec. ITU-R BT.601-5 specifies these ranges as well agdefines a
3 x 3 matrix transformation that can be used to convert these samples into RGB.

PhotoYCC: This is the colour encoding method used in the Photo CD™ system. The colourspace is basgd on Rec.
ITU-R BT.Y09 reference primaries. Rec. ITU-R BT.709 linear RGB image signals are transformed to non-linear
R'G'B“\values to YCC corresponding to Rec. ITU-R BT.601-5. Details of this encoding method can bg found in
Kadak/Photo CD products, A Planning Guide for Developers, Eastman Kodak Company, Part No. DC1P0OR and
alsoin Kodak Photo CD Information Bulletin PCD045.

11

CMY: The encoded data consists of samples of Cyan, Magenta and Yellow samples, directly suitable fof printing
on hj/pir‘nl CMY _devices A value of O shall indicate 0% ink coverages whereas-a-value of ZBPS_ shall indicate

100% ink coverage for a given component sample.

12

CMYK: As CMY above, except that there is also a black (K) ink component. Ink coverage is defined as above.

13

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
specified in Adobe Postscript.

14

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
Enumerated parameters are specified in the EP field as specified in clause M.11.7.4.1

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 7667.

21

ROMM-RGB: As defined hy 1SQ 22028-2

22

YPDbPr(1125/60): This is the well-known colour space and value definition for the HDTV (1125/60/2:1)'3
production and international program exchange specified by Rec. ITU-R BT.709-3. The Recommendatiory
the colour space conversion matrix from RGB to YPbPr(1125/60) and the range of values of each compo
matrix is different from the 1250/50 system. In the 8-bit/component case, the range of values'of,éach con
[1, 254], the black level of Y is 16, the achromatic level of Pb/Pr is 128, the nominal peak of Y is 23§

nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these values are defined in a'similar mannel.

ystem for
specifies
hent. The
ponent is
, and the

23

YPbPr(1250/50): This is the well-known colour space and value definition for the HDTV (1250/50/2:1) 3
production and international program exchange specified by Rec. ITU-R BT.709-3. The Recommendatior]
the colour space conversion matrix from RGB to YPbPr(1250/50) and the range-of values of each compo
matrix is different from the 1125/60 system. In the 8-bit/component case, the.range of values of each con
[1, 254], the black level of Y is 16, the achromatic level of Pb/Pr is.128) the nominal peak of Y is 23}

nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these valués are defined in a similar manne.

ystem for
specifies
hent. The
ponent is
, and 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) d
IEC 61966-2-2.

efined by

All other values reserved.

included.

The generic RGB and grayscale.spaces from the SPIFF file format are explicitly not
Applications wishing to transcode SPIFF images using colourspaces 8 and 10 should spec

, within

EP:

the JPX file, the colourspace-definition 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 additign, the file
writer should set the UnkC field in the Image Header box indicating that the actual colourspace is not
known.

Enumerated parameters. This field contains a series of parameters that augment the generic
colourspace«definition specified by EnumCS. Together, the EnumCS and EP fields depcribe the
colourspace Jand how that colour data has been encoded in the JPX file. For example, the CIELab
colourspace as described by Rec. ITU-T T.42 requires several parameters to describg the 1TU
enceding of the colour data. The format and value of the EP field is defined individually for each
EnumcCS as required. If a value of EP is not defined for a particular value of EnumCS, then [the length

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

Variable

Variable

PROFILE

M.11.7.33 METHDAT values for the Vendor Colour method

The contgnts of the METHDAT field for Colour Specification boxes using the Vendor*Colour method is dlefined as

follows (see Figure M.19):

R

VCLR

VCLR:

\VP:

Figure M.19 — Organization of the contents of the METHDAT field for the Vendor Colour meth

Table 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 specifiesthe colourspace of the image using a UUID. Td
interpret the colour of an image using@-Vendor defined colourspace, the application has to
definition of that colourspace internally. This field contains a 16-byte UUID indig
colourspace of the image. Thesevalues are defined and shared by individual vendors and g
the scope of this Recommendation | International Standard.

Vendor parameters. This field specifies a series of parameters that augment the generic cd
definition specified. by,"VCLR. Together, the VCLR and VP fields unambiguously de
colourspace. The format and value of the VP field is defined individually for each VCLR
required. If a value“of VP is not defined for a particular value of VCLR, then the length
field for that \WCLR value shall be zero, indicating that the VCLR value alone unam
describes (thg" colourspace, or default values are used as defined by the referenced cq
definition) The format and values of the VP field are defined by each individual vendor cg
definition, and are outside of the scope of this Recommendation | International Standard.
the VP field shall be the last field in the Colour Specification box and shall be all bytes
following the VCLR field to the end of the box.

d

correctly
know the
ating the
re outside

lourspace
Ecribe the
R value as
pof the VP
biguously
lourspace
lourspace
However,
n the box

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
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Field name Size (bits)

Value

CJOLPRIMS 16

T

One of the ColourPrimaries enumerated values specified in Re|
ITU-T H.273 | ISO/IEC 23091-2. This field is encoded as a bi
endian unsigned integer.

<=
[

TRANSFC 16

S

One of the TransferCharacteristics enumeratedvalues specified
Rec. ITU-T H.273 | ISO/IEC 23091-2. This-field is encoded as
big-endian unsigned integer.

Qo

MATCOEFFS 16

T

One of the MatrixCoefficients enumerated values specified in Re|
ITU-T H.273 | ISO/IEC 23091=2.\This field is encoded as a bi
endian unsigned integer.

=
[

MIDFRNG 1

w

Value of the VideoFullRangeFlag specified in Rec. ITU-T H.27
| ISO/IEC 23091-2. Thisfield is the most-significant bit of the I3
byte of METHDAT

o7
—~

MIDFRNG _RSVD 7

Reserved for future/use by ITU-T | ISO/IEC. This field are the
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 fnethod. If

an EP field is not defined for a particular value of the&)EnumCS field, then the length of the EP field shall be zejo.

M.11.7.40 EP field format for the CIELabcolourspace
If the valye of EnumCS is 14, specifying that the layer is encoded in the CIELab colourspace, then the format

field shall be as follows (see Figure M.20):

of the EP

RL on RA

OA RB OB L

The RL,
Rec. ITUA

a*, b* as defined by the CIE. The calculations from real values L*a*b* to values encoded in an integer, fixe

Figure'M.20 — Organization of the contents of the EP field for the CIELab (EnumCS = 14)

T.801(21)_FM.20

floating point format, which are expressed by N N3Ny, are made as follows:

N

a

b

© ISO/IEC 2023 - All rights reserved

_MAX

2“09 2 MAX ]

*

RL
_MAX,
RA

N, = MAX,

RB

+ 5(BPCL AND OX7F)+1 xOL

ollogs MAX, |
e _x
5(BPC; ANDOXTF)+1
ollogs MAX, |
H(BPCyy AND OX7F) 11 X

*

OA

*

OB
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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: Range for L*. This field specifies the RL value from Equation M-18. It is encoded as a 4-byte big
endian unsigned integer.

OL: Offset for L*. This field specifies the OL value from Equation M-18. It is encoded as a 4-byte big
endian unsigned integer.

A Range for a*, This field specifies the RA value from Equation M-18. It is encoded as a 4-byte big
endian unsigned integer.

OA: Offset for a*. This field specifies the OA value from Equation M-18. It is encoded as’a #-byte big
endian unsigned integer.

RB: Range for b*. This field specifies the RB value from Equation M-18. It is encoded as a 4-byte big
endian unsigned integer.

OB: Offset for b*. This field specifies the OB value from Equation M-18, s encoded as a 4-byte big
endian unsigned integer

IL: Illuminant. This field specifies the illuminant data used in calculating the CIELab values. Riather than
specify the XYZ values of the normalizing illuminant, which,are used in calculating CIELab, the
specification of the illuminant data follows Rec. ITU-T T.4-Annex E. The illuminant data ¢onsists of
4 bytes, identifying the illuminant. In the case of a standard illuminant, the 4 bytes are ¢ne of 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 llluminant SA 0x0000 5341
CIE Hluminant'SC 0x0000 5343
CIE Illdminant F2 0x0000 4632
CIE_lluminant F7 0x0000 4637
CIE Huminant F11 0x0046 3131

When.the ‘illuminant is specified by a colour temperature, then the 4 bytes consist of the sfring 'CT',
followed by two unsigned bytes representing the temperature of the illuminant in degrees Klelvin as a
2:byte big endian unsigned integer. For example, a 7500K illuminant is represented by the 4 bytes
0x4354 1DAC.

When the|EP<fields are omitted for the CIELab colourspace, then the following default values shall be used. The default
L*, a*an ; ; : ; epend on
the contents of the Pixel Format box, if present, and are specified in Table M.33. If the Pixel Format Box is not present,
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 PG 1 BPCi2
(BPCi < 128) 0 28%¢t 2BPCI—14.2BRCi
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
(BPCi > 128) 0 0 0
unsigned, floating point BPCi BPCi__1. 9BPCI_2
(BPC' < 128) 0 28Pei 2BPCi—14.0BRC
signed,  floating  point
(BPCi > 128) 0 0 0
NOTE — The relatron between the number of bits in channel iis grven by (BPC. AND 0x7f)+1 thus a value of 2BFCi mdrcates an
offset of 7 anasy, see also
the defrnrtron of the SSIZ parameter in Rec ITU TT. 800 | ISO/IEC 15444-1.

NOTE|- Other applications can use other range values by specifying EP field values. For example, the CIElLab)encoding in the
ICC Prpfile Format Specification, ICC.1:2001-11 specifies ranges and offsets for the CIELab encoding that are“differgnt than the
defaults given here. If the values specified in the CIELab encoding in the ICC Profile Format Specification; ICC.1:2001-11, are
used, then they would have to be explicitly given in the EP fields.

Table M.30 — Format of the contents of the EP field for CIELab (EnumCS = 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.11.7.4PEP field format for the CIEJab colourspace

If the valle 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 QJ RA OA RB OB
T.801(21)_FM.2

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 Nof 131, that
are sent tq the compressor or received from the decompressor and the signed CIEJab values J, a, b as defined by the CIE.

According t6/CIE Publication No. 131, the calculations from real values Jab to integer, fixed point or floating point
format, Wm%d&ﬂﬁ'%emi' ; :

MAX 2ﬂ092 MAX ; |
N; = J %3+ x 0J
RJ o(BPC; ANDOX7F)+1
MAX , ollogy MAX, |
Na =—r—xa+ »(BPC, ANDOXTF)+1 xOA (M-19)
MAX ollog; MAX |
Np = b xb+ xOB
RB 2(BPCy) 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.

-byte big

endian unsigned integer.
OB: Offset for b. This field specifies the OB value from Equation M-19. It is encoded\as’a 4-byte big
endian unsigned integer.

When the|EP fields are omitted for the CIEJab colourspace, then the following default values shallbe used. Thg default J,
a and b rapge parameters RJ, RA and RB are 100, 255 and 255. The default J, a and b offset values depend on the contents
of the Pixel Format box, if present, and are indicated in Table M.30bis. If the Pixel Format‘Box is not present, the table
entries fof signed or unsigned integer representations shall be used, depending on whether the channel is [signed or
unsigned:

Table M.30bis — Default Offset Values and Encoding of Offsets-for the CIEJab Colourspace

Pixel Format F' and
Channel Signedness 0J &L OB
unsigned, integer 0 HBRCi 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

NOTE[- The relation between-the*number of bits in channel i is given by (BPCi AND 0x7f)+1, thus a value of 28P% indicates an
offset of half the available-range for channel i. "AND" denotes here the bitwise binary AND operation of the two opprands, see
also 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.

Table M.31 — Format of the contents of the EP field for CIEJab (EnumCS = 19)

Feldrame Size-{bHs) Watde
RJ 32 0-(232-1)
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
1 2 3 4
RGDB R G
Greyscale Y
XYZ X Y VA
Lab L a b
Luv L u \Y
YC,C, Y Cp C
Yxy Y X y
HSV H S \Y
HLS H L S
CMYK C M Y K
CMY C M Y,
Jab J a b
n colour 1 2 3 4
colourspaces
M.11.7.6 [Opacity box
The Opadity box provides a minimal-overhead mechanism for_specifying opacity through a chroma-key or
that a parficular compositing layer contains only colour channels followed by a single opacity channel. If a Co
Layer Hegader box contains an Opacity box, then it shalknot contain a Channel Definition box. Compositing

require a

hannel definition more complex than can be-defined using an Opacity box shall use a Channel Defir

Each Co

Wpositing Layer Header box shall containzero or one Opacity boxes, and Opacity boxes shall be fg

other locdtions in the file.

palettized
decompr
coded or
only the s

Chroma-Keyed opacity is a form of paletization and as such images using chroma-keyed opacity obey similar r%!es to full

images with respect to lossy.:cempression. In either case, differences between the original ima
sed images reflect errors in.a space that does not directly map to visual perception, and thus sho
ecompressed in a lossy.mode. However, for chroma-key values, in contrast to a fully palettized cq
mples of the imagethat'are of the chroma-key value have to be encoded and decoded losslessly. Joi
encoding pf the chroma-keyed region and lossy coding of the remaining image region can be achieved using a R

the codes{ream.
NOTE}- The Opacity’hox is intended for use with lossless coding.

The type ¢f the Qpacity box shall be 'opct' (0x6F70 6374). The contents of this box shall be as follows (see Figyre M.22):

pecifying
mpositing
ayers that
ition box.
und in no

and the
Id not be
mponent,
ht lossless
Ol within

Otyp:

Otyp

NCH

CVv
oy

T.801(21)_FM.22

Figure M.22 — Organization of the contents of an Opacity box

encoded as a 1-byte unsigned integer. Legal values of the Otyp field are as follows:

© ISO/IEC 2023 - All rights reserved
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Table M.33 — Otyp field values

Value Meaning

0 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.

1 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

channel. If the value of Otyp is 0, then the NCH, PR and CV/ fields shall not be found.

2 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.

NCH:  Number of channels. This field specifies the number of channels used to specify“the cH
colour. This value shall be equal to the number of channels in the compositing“layer. TH
specified as a 1-byte unsigned integer.

match the chroma-key value for all channels shall be considered fully transparent. The s
field is specified by the bit depth of the corresponding channel. Ifthevalue is not a multiple

value shall be stored in the low-order bits of the padded value:-For example, if the depth of]

high-order 6 bits shall be all equal to the sign bit of thé-value in this CVi field.
The format of the contents of the Opacity box is given in Table M, 34,

Table M.34 — Format of the centents 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

M.11.7.7 [Codestream Registration box

roma-key
is field is

CVi: Chroma-key value. This field specifies the value of channel i for the chroma-key colour. Sanples that

ze of this
of 8, then

each CV' value shall be padded to a multiple of 8 bits with,bits‘equal to the sign bit and [the actual

a channel

is a signed 10-bit value, then the CV! value shall be stoted in the low 10 bits of a 16-bit figld and the

When combining multiple codestreams to create a single compositing layer, it is important that the reference grids of

those codestreams be properly registered to ensure the registration of the individual samples from the
components. This box. specifies how those codestreams shall be registered when rendering the layer. A Co
Layer Heqder box shalf contain zero or one Codestream Registration boxes, and Codestream Registration boxg
found in po other\loeations in the file; a Codestream Registration box shall not be placed into the JP2 Heag
specify a flefault registration. If any Compositing Layer Header box contains a Codestream Registration box, 1
Compositingda box shall contain a Codestream Registration box. If this Compositing Layer Heade
not contaks i o her—the—eompo Hing er—shaH—be
codestream.

multiple
mpositing
s shall be
ler box to
hen every

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 Figur

e 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

The fields of the codestream registration box may be interpreted in the context of the following equations defining the
scaling factors RX' and RY"' of the ith codestream in x and y:

RXi = XR/ XS
RY =YR/YS
and the offfsets OX' and OY' of the ith codestream in x and y:
OX'=XQ'/ XS
oY'=YQ'/YS

on the compositing layer registration grid. The overall area of the registration grid is/0efined to be the intersec

areas cov|
registratig
the origin

If a Code
same Cor
registered

bred by the scaled and offset component codestreams grown out as_reguired to the nearest whg
n grid point. The requirement that XO' < XS and YO' < YS ensures-that this intersected area alwayj
(0,0) of the compositing layer registration grid.

tream Registration box exists, then the default display resolution’ (specified within a Resolution bo
npositing Layer Header box) applies to the compositing dayer after all components have been res

XS: Horizontal grid size. This field defines the number of horizontal fractional grid points fror
(1, 0) on the compositing layer registration-grid. These fractional grid points are used to m
distance between the reference grids:afithe individual codestreams. This field is encoded g
unsigned integer.

YS: Vertical grid size. This field defiries the number of vertical fractional grid points from (0, (
on the compositing layer registration grid. These fractional grid points are used to mg
distance between the reference grids of the individual codestreams. This field is encoded g
unsigned integer.

CDNi:  Codestream number! This field specifies the number of the codestream for this registration

XR!": Horizontal resolution. This field specifies the horizontal distance between points on the refe
of the codestream specified by the CDN' parameter, measured in the number of fractional
the compositing layer registration grid. This field effectively specifies the horizontal scali
to mateh the codestream's reference grid with the compositing layer registration grid. Th
encoded as a 1-byte unsigned integer.

YRI: Vertical resolution. This field specifies the vertical distance between points on the referen
the codestream specified by the CDN' parameter, measured in the number of fractional po

compositing layer registration grid. This field effectively specifies the vertical scaling

ion of the
le integer
5 includes

with the
caled and

h (0, 0) to
pasure the
S a 2-byte

) to (0, 1)
asure the
S a 2-byte

value.

Fence grid
points on
g needed
is field is

ce grid of
nts on the
heeded to

match the codestream's reference grid with the compositng layer registration grid. Th
encoded as a 1-byte unsigned integer.

s field is

XO': Horizontal offset. This field specifies the horizontal distance (to the right) from the origin of the

compositing layer registration grid to the centre of the top left point on the reference g

rid of 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 orig
compositing layer registration grid to the centre of the top left point on the reference g

in of the
rid of 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
YOI 8 0-255

M.11.7.8 |Pixel Format box

This box glefines how samples represented in a channel are interpreted as numerical values representing\colour
to a coloufspace. If this box is absent, the default interpretation of the corresponding codestream is used: For co
following|Rec. ITU-T T.800 | ISO/IEC 15444-1 (JPEG 2000), the reconstructed samples form signed or unsigne
whose bif depth is given by the Palette Mapping Box, Bits Per Component Box ornliage Header
Rec. ITU{T T.832 | ISO/IEC 29199-2 (JPEG XR), the codestream reconstructs abstract,bit)patterns which 3
absence of this box, interpreted to encode numbers in the binary two's complement.

In the prgsence of this box, a two-stage conversion process converts the reconstructed sample values from
format tofone of the specified target formats: In the first stage, reconstructed inteéger samples are represented
two's conplement form. In the second stage, these bit patterns are re-interpretéehaccording to the contents of th

NOTE|1 - In typical computer hardware, integers are already represented in the‘two's complement notation. The first
irgs no operation. The second stage is usually nothing more than a C-style-~’reinterpretation cast" to the target rep

according
festreams
d integers
Box. For
re, in the

its source
in binary
is box.

tage hence
esentation;

The type ¢f this box shall be 'pxfm' (0x7078 666d). The:farmat of this box shall be as follows (see Figure M.28bis):

T.801(21)_FM.23bis
Figure M.23bis — Layout of the Pixel Format Box

N: Number of channels. This field specifies the number of channels whose pixel format is specif

unsigned integer.

Cn% Channel index. This field specifies the index of the channel whose pixel format is specified. Thg
this field represents the index of the channel as defined within the Component Mappi

box. This field is encoded as a 2-byte big endian unsigned integer.

ed in this

box. This number shall be identical to the number of channels defined in the Channel Definition Box if
presentOridentical to the number of components in the codestream. It is encoded as a two-byte big endian

value of

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 Channel
Definition Box of the channel representing the mantissa

0010/ 0000 0000 0000

The bit pattern of the channel is to be interpreted as a signed or unsigned integer regresenting
an exponent of a floating point number. The mantissa of this number is described.by ja channel
associated to the same colour or all of the image.

The Typ' value of an exponent channel in the Channel Definition Box shall' be ignofed.

0011| £££f ffff ffff

The bit pattern of the channel is to be interpreted as fixed point number 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 degths of the
corresponding source component minus the number of fractional bits. The fractiongl value is
reconstructed by dividing the integer value of the correspanding channel by 27,

0100 mmmm mmmm mmmm

The bit pattern of the channel is to be interpreted as'fleating point number with ong sign bit,
exponent bits and m mantissa bits. The number of exponent bits is given by the bit|precision
of the component or palette entry used to defing-thie channel, minus one, minus the qumber of
mantissa bits. The topmost bit of the bit pattern‘is the sign bit, followed by the expgnent bits,
followed by the mantissa bits. The mantissa contains an implicit one bit that is not/encoded,
and the exponent is encoded as unsignet/binary integer with a bias of size 2e-1-1, where e is
the number of exponent bits. The recenstruction of the floating point number descrilyed by the
bit pattern is defined by ISO/IEC/IEEE 60559.

all other values

Reserved for future use.

NOTE
channe
defineq
colour,

consisting of four channels; the first three channels.are associated to the red, green and blue colour and have a pixel for

0001 0
0000

For fix
examp
compo
1000.

Floatin
includg

2 — Pixel formats 0001 0000 0000 0000 and 0010 000 0Q00 0000 are special in the sense that they require the i
Is to reconstruct the sample value for one colour, wherg'channels are matched corresponding to their association

D00 0000 0000 (mantissa), the last channel is associated to all of the image and has a pixel format of type 0010
Xponent).

ed point formats, the pixel format.Specifies only the number of fractional bits, the number of integer bits is ir]
e, the 2.13 fixed point format 0f JPEG XR is encoded as a pixel format of 0011 0000 0000 1101 with signed
hents of 16 bits, the 7.24 fixed point format is represented with 32 bit components and a pixel format of type 0011

g point numbers follow_ISO/IEC/IEEE 60559 encodings as much as possible, even though ISO/IEC/IEEE 605
extensions such as *“half-float" numbers. All these encodings share a sign bit s, exponent bits e and mantissa bi

put of two
alue Asoc'

by the Channel Definition Box. A mantissa associated to a specific colour matches an exponent associated tp the same
or an exponent associated with all of the image~ and vice versa. This pixel format is most useful for the RGBE encoding

Mat of type
0000 0000

hplicit. For
odestream
0000 0001

9 does not
S m packed

into a it pattern from.most significant to least significant in this order. The Table M.35ter shows the encoding of the mast common
floating point formats:-~Note that other formats are possible, and this table provides examples for commonly used flogting point
formats only:
Table M.35ter — Common floating point formats (informative)
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.11.8 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.11.9 Media Data box

The Medip Data box contains fragments of the JPEG 2000 codestream or other media data, such as MPEG-4-gudio data.
In any case, there shall be other boxes in the file that specify the meaning of the data within the Media Pata box.
Applicatipns should not access Media Data boxes directly, but instead use the fragment table to determine whpt parts of
which Mddia Data boxes represent a valid JPEG 2000 codestream or other media stream.

The type ¢f a Media Data box shall be 'mdat' (0x6D64 6174). The contents of a Media Data box in.general are npt defined
by this Rgcommendation | International Standard.

M.11.10 [Composition box (superbox)

The Composition box specifies how the individual composition layers are combined to create the rendereq result. It
contains 4 set of global options, followed by a sequence of one or more sets,of.rendering instructions (each [contained
within an|Instruction Set box). Each individual instruction is associated with~a-ecomposition layer in the file and defines
how that [composition layer shall be rendered: its location, scaling, comppsite operation, etc. A reader thaj supports
compositipn and animation shall display the file containing the Composition box by executing the sequence of irfstructions
defined within the Composition box. Details on the composition arid_animation model are specified in clausg M.5.3. A
JPX file shall contain zero or one Composition boxes. If present, that box shall be found at the top level of thg JPX file;
it shall not be found within a superbox.

The type ¢f the Composition box shall be ‘comp' (0x636F 60D70) and it shall have the following contents (see Figlire M.24):

. ‘[O L n
copt 15¢ iset

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 composition or pnimation
as a whole. It is defined in clause M.11.10.1.

iseti: Instruction Set box. This box contains a set of instructions for how to combine thq multiple
composition layers in the file. The entire set of Instruction Set boxes specify the entire composition
or animation, and are processed in the order they are found within the Composition|box. The
Composition Instruction box is defined in clause M.11.10.2.

£ 4l
T

tondt £filo O HH [ H + Ha—1
UTC CUTTICTTS UT T CUTTTIVUOSTUUTT VUA To YTvieTT i i

=3

The form

U

Table M.36 — Format of the contents of the Composition box

Parameter Size (bits) Value
copt Variable Variable
isetl Variable Variable

M.11.10.1  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
format (see Figure M.25):

The form

HEIGHT:

WIDTH:

GREPT:

t of the contents of the Composition Options box is given indJable M.37.

GREPT

HEIGHT WIDTH

T.801(21)_FM.25

Figure M.25 — Organization of the contents of a Composition Options box

Rendered result height. This field specifies the height, in samples, of the final rendered result.
The resolution of this value is optionally defined in the Default Display Resolution box in the

Rendered result width. This field specifies the width, in samples, of the final rendéred
resolution of this value is optionally defined in the Default Display Resolution-box
Header box. This field is encoded as a 4-byte unsigned integer.

Global Repetition. This field specifies the number of times to fully repeat th
instructions, after executing the display instructions the first time.,For'a GREPT val
this means the entire set of instructions in the comp box is executed once. A val
indicates that the reader should repeat the entire set of instrdctions indefinitely. Pri
execution of the instruction set, the display area shall be estored to its original stg
instructions' composition layer association reset. Eaeh\\loop execution should b
equivalent to redisplaying the composition from scratch. This field is encoded ag
unsigned integer.

Table M.37 — Format of the contents of\the Composition Options box

esult. The
n the JP2

e display
le of zero
e of 255
Dr to each
te and all
e visually
a 1-byte

Parameter Size(bits) Value

HEIGHT 32 1-2321

WIDTH 32 1-2321

GREPT 8 0-255

M.11.10.7

An Instry
parameter
count; thi
found wi
Composit]

The type

(see Figufe M.26).

Instruction Set box

ction Set box contains a setyof rendering instructions, each represented through a series of co
S. In addition, the entire set of instructions contained within this box may be repeated according t
repeating occurs befdresthe reader continues on with the instructions found within the next Instructign Set box

Mmposition
D a repeat

© ISO/IEC 2023 - All rights reserved

hin the same superbox. Instruction Set boxes shall be found only within either a Composition|box or a
ng Layer Extensions box; they shall not be found in any other locations in the file.
bf the Instruction Set box shall be 'inst' (OX696E 7374) and contents of the box shall have the following format
T REDRT 0 L LN
S LTI IINS 1 IINO T
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. The
meaning of each bit in the flag is as follows:

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.
XXXX XXXX X1XX XXXX Each instruction defines the rotation parameter ROT.

All other bit flags All other values reserved.

REPT: Repetition. This field specifies the number of times to repeat this particular set of instfuctions after
executing the instruction set the first time. The instructions are always executed at leastonce (REPT
is zero) and the instructions may apply to different compositing layers on_each repetition as
determined by the Next-use field of the instructions. This field is encoded as,a-2-byte Rig endian
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 ipstruction
parameter) in milliseconds. This field is encoded as a 4-byte big endian.unsigned integer. Jf the Ityp
field specifies that the LIFE instruction parameter is not used, then this field shall be sef to 0, and
shall be ignored by readers.

INSTE:  Instruction. This field specifies a series of instruction parameters for a single instruction. The format
of this field is specified in clause M.11.10.2.1.

The format of the contents of the Instruction Set box is given in Table M.39.
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
M.11.10.2.1 Instruction parameter
Figure M 27 shows the contents of each individual INST field (a single compositing instruction) within an Instruction Set
box:
;‘“‘ﬁ"'_T"‘ﬂ"_“r““l‘"“:‘“"I"“T'T"T “““ 'l““‘:‘“‘ﬂ““‘:"“'I“"‘r""I“"T""l““‘:" "l"““‘
A N A R e
i X0 | ! YO <JWIDTH | HEIGHT | | LIFE | NEXT- | XC | YC ! WC | HC | |[ROT |
i i i i L USE | i i i i i
Persist T.801(21)_FM.27
Eigl we-M27 ﬂrgnni'}nﬁnn of the cantents of an INST field within an lnctriictian Sat hav
XO: Horizontal offset. This field specifies the horizontal 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.
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
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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:  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.

PERSIST:  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: Duration of this instruction. This field specifies the number of timer ticks that should ideally
Q hetween completing the execution of the ent in ion and completing execution of
the next instruction. A value of zero indicates that the current instruction and the next.j
shall be executed within the same display update; this allows a single frame froni the pnimation
to be composed of updates to multiple compositing layers. A value of 23L-1 inglicates an
indefinite delay or pause for user interaction. This field is encoded as’a,31-bit Hig endian
unsigned integer. If this field is not present, the life of the instruction shalkbe set to 0.

NEXT-USE: Number of instructions before reuse. This field specifies the number.of instructions thpt shall be
executed before reusing the current compositing layer. This field allows readers ffo simply
optimize their caching strategy. A value of zero implies that the current image shall nofbe reused
for any ensuing instructions, notwithstanding the execution.@f-a global loop as a resulf of a non-
zero value of the GREPT parameter in the Composition(Options box. A value of one ([L) implies
that the current compositing layer will be used with the next instruction and sq on. The
compositing layer passed on for reuse in this manner shall be the original compositing layer,
prior to any cropping or scaling indicated by the‘eurrent instruction. If this field is ngt present,
the number of instructions shall be set to zeroyindicating that the current compositing |ayer shall
not be reused. This field is encoded as a 4<byte big endian unsigned integer.

XC: Horizontal crop offset. This field specifies the horizontal distance in samples to the I4ft edge of
the desired portion of the current,compositing layer. The desired portion is cropped from the
compositing layer and subsequéntly rendered by the current instruction. If this fipld is not
present, the horizontal crop offset shall be set to 0. This field is encoded as a 4-byte ig endian
unsigned integer.

YC: Vertical crop offset. This field specifies the vertical distance in samples to the top efige 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 figld is not
present, the yertical crop offset shall be set to 0. This field is encoded as a 4-byte lyig endian
unsigned integer.

\WC: Cropped:width. This field specifies the horizontal size in samples of the desired porfion of the
current’ compositing layer. The desired portion is cropped from the compositing [layer 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 #-byte big
endian unsigned integer.

HC: Cropped height. This field specifies the vertical size in samples of the desired portjon of the
current compositing layer. The desired portion is cropped from the compositing [layer and
i i is field i ed height

shall be set to the height of the current compositing layer. This field is encoded as a 4-byte big
endian unsigned integer.

ROT: 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
0 Not applicable otherwise
PERSIST 1 0, 1; if Ityp contains XXxx 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 1XXx
Not applicable otherwise
XC 32 0-(232-1); if Ityp contains Xxxx XxXxx XxIX Xxxx
0 Not applicable otherwise
YC 32 0-(232-1); if Ityp contains XX XXXX XX1X XXXX
0 Not applicable otherwise
WC 32 0-(232-1); if Ityp containg\XxXx XXXX XX1X XXXX
0 Not applicable otherwise
HC 32 0-(232—1); if ItypCORLAINS XXXX XXXX XX1X XXXX
0 Not applicable otherwise
ROT 32 0-31, see Table M.47; if ITyp contains XXXx XXXX X1XX
0 xxxx. Not applicable otherwise

Table M.40bis — Eneoding of the ROT field

I\\ﬁl;es (tl’_'gsé Meaning
0000 0000 Orientatien.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 rendefing an_image in the presence of an instruction set box, the following steps shall be applied:

present, the image takes the or

ien

>, Crop the image to XC, YC, WC, and HC if cropping parameters are present.

ed 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 5’7 associations
Association box

I
| 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 XML-documents associated with one or more images

Association box

| Label box

| XML box

T.801(21)_FM.30

Figure M.30 — Example of a Labelled XML document

Association box

Number List box }4>
| L Lol l |‘

| T=aoCT 00X |-

T.801(21)_FM.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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BF B’ B

T.801(21)_FM.32
Figure M.32 — Organization of the contents of an Association box

BF: First box. This is the box to which all other boxes within this Association box are associated.

Bi: 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.

The 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 Nymber List
box standp for the listed entities.
The type pf a Number List box shall be 'nlst' (OX6E6C 7374). The contents of the Number List Box shall be gs follows
(see Figufe M.33):
0 x n
AN 7 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 ©ox is associated. This value is stored as a 4-byte big endian unsigngd 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 Taple M.42.
Table M.42 — AN field values
Value Meaning
0x0000]| 0000 The rendered result.
0x01XX| XXXX The low three order bytes (of value i) specify Codestream i in the JPX file.
0x02XX| XXXX The lower three order bytes (of value i) specify Compositing Layer i in the JPX file.
All other values reserved.

The format of the contents of the Number List box is given in Table M.43.

196

Table M.43 — Format of the contents of the Number List box

Value
0-(232-1)

Size (bits)
32

Parameter
AN
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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

Figure M.34 — Organization of the contents of a Label box

M.11.14

The Bina
the file cd
size. This
data is tra
of boxes,
Binary Fi
anywhere

A conforr

S:  Label string. A textual label associated with an entity. This value is stored as ISO/IEC 10646ch
the UTF-8 encoding. Characters in the ranges U+0000 to U+001F inclusive and U+Q07E g
inclusive, as well as the specific characters '/, ';', '?', " and '#', are not permitted in the dabel str

hracters in
U+009F
ng. Label

strings are not null-terminated or padded in any other way; every character that is présent is sigfificant.

Binary Filter box

y Filter box allows portions of the file to be further compressed or encoded (i.e., €ncrypted). For e
ntains a significant amount of metadata in XML, it can be losslessly compressed to drastically redu
box contains an indicator specifying how the data was transformed, as well’ as the transformed data
nsformed through the reverse operation (i.e., decrypted or decompressed), the resulting data shall be 3
Where the first byte is the first byte of the first box header, and the last,byte is the last byte of the las
ter box is optional, and there may be multiple Binary Filter boxes.in'the file. A Binary Filter box may
in the file except before the Reader Requirements box.

ning decoder is not required to process the data within a Binary Filter box. Thus, a Binary Filter bo

The type
(see Figu

f a Binary Filter box shall be 'bfil' (0x6266 696C). The contents of the Binary Filter box are defined
e M.35):

contain b}xes for which interpretation is required for reader conformance.

Tl L A

T.801(21)_FM.35
Figure M.35.2 Organization of the contents of a Binary Filter box

F: Filter type~This field specifies how the data was transformed before storage. This value i
as a UUID-Standard defined values are given in Table M.44.

Table M.44 — Legal Filter types

ample, if
Ce the file
Once the
sequence
box. The
be found

shall not

bs follows

5 encoded

Value Meaning

EC340B(

879EA3

4-74C5-11D4-A729- | Compressed with GZIP The contents of the DATA field have been compressed

Viko) uiaYm DL AT Lo o Hicd o DEC 1001\ Th Al xd

using the

oTus DT v T argoTTer it \u.: Spemet T o IO TTIc uunlr.n\..m\.u datets-sterea+H

structure defined by the GZIP file format, as specified in RFC 1952.

the binary

EC340B04-74C5-11D4-A729-

879EA3548F0F defined in 1ISO 10126-2.

NOTE: ISO 10126-2 is withdrawn.

Encrypted using DES. The contents of the DATA field has been encrypted using DES as

All other values reserved.

DATA:

If a conforming reader does not recognize the particular UUID, then the reader shall ignore this Binary
Filter box.

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.
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The format of the contents of the Binary Filter box is given in Table M.45.

M.11.15

Table M.45 — Format of the contents of the Binary Filter box

Parameter Size (bits) Value
F 128 Variable
DATA Variable Variable

Desired Reproductions box (superbox)

The Desired Reproductions box specifies a set of transformations that shall be applied to the image to guarantee a specific

desired re
world blu
colour of
reproduce
shall dete
the physid

A JPX red

This box
file, whic

The type
shall be a

Other bo
understan

The Desifed Reproduction box isoptional for conforming files.

M.11.15.]

A Graphi
printing &
from the

one Grap
Reproduc

b colours. This image is intended to be printed in a catalogue, and thus the printed image shall match
the original physical object when seen by a human viewer. However, the CMYK printing.process
the same range of blue colours as are viewable by the human visual system. In this instance, ithe cat
mine how to best convert the blue colour in the image to a printed blue colour to minimize difference
al object from the printed reproduction.

der is not required to process the image through the specified transformations.

Contains a set of separate desired reproductions. There shall be only one Desired Reproductions box
h may be found anywhere within the file.

pf the Desired Reproductions box is 'drep' (0x6472 6570). This box is‘a-superbox, and the contents
follows (see Figure M.36):

gtso

T.8ON21)_FM.36

Figure M.36 — Organization of the centénts of the Desired Reproductions box

gtso: Graphics Technology Standard Qutput box. This box specifies the desired output colout
reproduction for the rendered fesult when printed under commercial printing conditions. T
and definition of this box is-specified in clause M.11.15.1

es may be found within the Desired Reproductions box. Readers shall ignore any boxes that th
.

Graphics Technology Standard Output box

bs Technology Standard Output box specifies the desired reproduction of the rendered result for cq
hd proofing/Systems. The box contains an Output ICC profile specifying the desired conversion of
Profile Cannection Space (PCS) to the desired device specific output colourspace. There shall be on
hics Technology Standard Output box within the file. If present, this box shall be found within th
lions box.

tains real-
the actual

does not
plog artist
5 between

vithin the

bf the box

and tone
he format

by do not

mmercial
the image
ly zero or
e Desired

ZAcEN T

The type
follows (s
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ee Figure M.37):

QUTP

T.801(21)_FM.37

Figure M.37 — Organization of the contents of the Graphics Technology Standard Output box

OUTP: This field shall be a valid Output ICC profile as defined by the ICC Profile format specificati

all be as

onICC-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).
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The format of the contents of the Graphics Technology Standard Output box is given in Table M.46.

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 Description box

An ROI Description box contains information about parts of an image that might be useful in certain applications such as
random access. The ROI description box can also be used together with the association box to associate metadata to parts
Ofthelm he-ROls-described-in-this-bo e-not-necessari coded ROIswithin-the-code eam-—it-also a"owsan
applicatio

or user to signal the importance of certain parts of an image even if these parts are not emphasiged by the
RGN or ARN marker segment in the codestream. There can be multiple ROI Description boxes within the.file.[However,
a ROI Degcription box shall be found only at the top level of the file, or within the JP2 Header box, a Codéestredm Header
box or an fAssociation box. If the ROl Description box is found within a Codestream Header box, then/the ROIs|described
in that RQI Description box pertain to the particular codestream described by that Codestream. Header box. If the ROI

Descriptign box is found within the JP2 Header box, then the ROI description box specifies default ROl inforfnation for
all codestfeams. If the ROI Description box is found at the top level of the file, then it specifies ROl information for the
rendered fesult; the ROIs described at a top-level box are not directly associated with cgded ROIs within any cqdestream.
The type ¢f the ROI Description box shall be 'roid' (0x726F 6964). The contents of thisbox shall be as follows (ee Figure
M.38):
2l | &5 |
Z| = Z| 2
2| Rlex’ Rlcy’ Rwdt’ Rhth’
Z 2 el ) - .
Qd E Qté Rlcerm-[ RIcer&)l-[ Rwdtle_l Rhth]\rm_l
T.801(21)_FM.38
Figure M.38 — Qrganization of the contents of the ROI Description box
Nroi: ~ Number of Regions of Interest. Encoded as an 8-bit integer.
Ri: Region of Anterest present in codestream. Encoded as an 8-bit integer. Legal values of the R! field are
given in"Table M.47.
Table M.47 — Legal Ri values
Value Meaning
0 Codestream does not contain a static region of interest at this location.
1 Codestream contains a static region of interest at this location.
All other values reserved.

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:
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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.
Rcp': Region of Interest coding priority. This value describes the coding priority of the Region of Interest.

The form

Rlcx':

Ricy':

Rwdt':

Rhth':

t of the contents of the:ROI Description box is given in Table M.49.

g y Y Y. value is
encoded as a 1-byte unsigned integer. In transcoding applications, bits should be @llogated with
respect to the coding priority of each ROI.

Region of Interest horizontal location. In the case of an Aligned Rectangular Reégion of Inferest or a
Quadrilateral Refinement, this is the horizontal position of the top left corner, ofithe relevantjrectangle.
In the case of an Aligned Elliptical Region of Interest this is the horizontal position of the ceptre point.
For an Oriented Elliptical Refinement, this is the horizontal position at which the ellipse tquches the
upper edge of its bounding box, as identified by the immediately preceding region of intgrest. This
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 Inferest or a
Quadrilateral Refinement, this is the vertical position of the-top left corner of the relevant|rectangle.
In the case of a Simple Elliptical Region of Interest thisds the vertical position of the centre|point. For
an Oriented Elliptical Refinement, this is the vertical\position at which the ellipse touchgs the left
edge of its bounding box, as identified by the immediately preceding region of interest. Thjs value is
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 Quidrilateral

Oriented Elliptical Refinement, this parameter shall be 1. This value is stored as a 4-byte lbig endian
unsigned integer.

Region of Interest height. In the case of an Aligned Rectangular Region of Interest or a Qupdrilateral
Refinement, this is the height of the relevant rectangle. In the case of an Aligned Elliptical Region of
Interest this is the ampunt by which the ellipse extends above and below its centre. For an Oriented
Elliptical Refinement, this parameter shall be 1. This value is stored as a 4-byte big endiar] unsigned
integer.

Fable M.49 — Format of the contents of the ROI Description box

Parameter Size (bits) Value
Nroi 8 0-255
Ri 8 0-255
Rtyp! 8 0-255
Rsig’ 8 0-255
Rlcx 32 0-(2%-1)
Rlcy! 32 0-(2%-1)
Rwdt! 32 1-(2%2—-1) if Rtyp' = 3
1ifRyp'=3
Rhthi 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

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:

X[0] = Rlex L, X[1] = Rlex!, X[2] = Rlcx' + Rwdt' — 1, X[3] = Rlex™ + Rwdt! — 1 and

VINl=Rlevi-l Vi1l = BRlevi VI21 = Rleovie Rhthi — 1 V2] = Dlavi-ly Dhthil 1
ML ELALAS AR St R LAS AL RN Skl BRI LA AR = el Ty e -

These valpes shall satisfy the following constraints:
X[0] < X[1] < X[2] < X[3] and Y[O] < Y[1] < Y[2] < Y[3].

The quadrilateral is defined by four vertices V1, V2, V3 and V4, having horizontal and vertical ¢oordinates (Y1x,V1y),
(V2x,V2y), (V3x,V3y) and (V4x,V4y). These vertices and associated edges are considerednto*be included yvithin the
region. 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 horizpntal coordinates of the vertices shall be obtained using the following equations:
V1x = X[A], where A is the 2 bit field identified in Table M.49taking values in the range 0 to B;

V2x = X[(A+1+B) mod 4], where B is the 2 bit field identified in Table M.49, taking values infthe range
0to 2;

V3x = X[(A+1+((B+1+C) mod 3)) mod 4], where Cds the 1 bit field identified in Table M.49; 4nd
V4x = X[(A+1+((B+2-C) mod 3)) mod 4].

The conngctivity of the vertices is determined by the 2 hit*field D identified in Table M.56, which takes valpes in the
range 1 tgd 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
1M V1i->V4-5V2-5V3-> V1

The vertides obtained by following the above procedure shall correspond to those of a well-formed quadrilatefal region,
in which ¢pposite edges do not intersect, except possibly at their end-points.

NOTE|1 — Any ot all 'edges may be degenerate, in the sense that the two vertices that define any edge may coincide. Ip this way,
quadriliateral refinements may be used to describe triangular regions, arbitrarily oriented lines (of width 1) or even isolgted points.

If Rtyp' identifies an Oriented Elllptlcal Reﬁnement Rtyp1 ! shall 1dent1fy an Ahgned Elhptlcal Reglon of Inferest, and
the values-ofRlex-LRley-l Rawdi-l and Rh : e : xtent of a
bounding rectangle for the orlented elhptlcal reglon In this case, the Values of Rwdt‘ and Rhth‘ shall be equal to 1 and the
values of Rlex' and Rlcy' shall correspond to the horizontal location at which the ellipse touches the upper boundary and
the vertical location at which the ellipse touches the left boundary of this bounding rectangle.

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*!; X¢ = Rlex™; Ye = Rley™ ; 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 — Wo < Rlext < Xc + Wo; Yc — Ho < Rley' < Y¢ + 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.11.17 Digital Signature box

This box fontains a checksum or digital signature that may be used to verify data contained within the filg. his digital
signature Js used to protect a very specific byte stream within the file. Any change to that byte stream will, invglidate the
digital signature. For example, if a compressed codestream is signed, and then later modified by adding-érror|resilience
markers, the digital signature will indicate that the byte stream has been modified.

The type pf a Digital Signature box shall be ‘chck’ (0x6368 636B). The Digital Signature box.is’eptional and ay occur
anywhere|in the file except before the Reader Requirements box. There may be more than<ene Digital Signatyire box in
the file. The contents of a Digital Signature box shall be as follows (see Figure M.39):

T o ‘ _______ ] ________ [ ________ Er ________ ‘ ________ W ________ ( ________ DATA

byp Ptyp

T.801(21) FM.39
Figure M.39 — Organization of the contentsof a Digital Signature box

Styp:  Signature type. This field specifies the type.of digital signature contained within this Digital|Signature
box. This field is encoded as a 1-byte unsigned integer. Legal values of the Styp field are ag shown in

Table M.50.
Table M50 — Legal Styp values
Value Meaning
0 A checksum, generated byapplying the MD5 algorithm, as defined in IETF RFC 1321, to the source data} is stored
in the DATA field of this.Digital Signature box as a sequence of bytes in the order specified by IETF RF¢ 1321.
1 The checksum is geherated by applying the SHA-1 algorithm, as defined in ANSI X9.30.2, to the source|data. The

resulting signature,is'stored in the DATA field of this Digital Signature box as a 20-byte big endian unsigngd integer.

NOTE — ThelSHA-1 algorithm is considered cryptographically weak and may not be suitable for some pyrposes; it
may, however, be suitable for use with the Recommendation | International Standard under some circumsfances.

2 The digital'signature is generated by applying the DSA algorithm, as defined in FIPS 186-4, to the source|data. The
signature consists of two unsigned integers, r and s. The DATA field shall be 40 bytes long. The first 20 Qytes shall
be-the"value r, encoded as a 20-byte big endian unsigned integer. The second 20 bytes shall be the value s} encoded
as a 20-byte big endian unsigned integer.

3 The digital signature stored in the DATA field of this Digital Signature box is generated by applying|the RSA
SIQIAtuTe atgoritm PRCS#IVETSion 175, a5 defimed i F1PS 1864, Wit the MDS5 message tigest afgorithm, as
defined in IETF RFC 1321, to the source data.

4 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.

5 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.

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.

Ptyp:  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

Value Meaning

0 The source data that is signed by this Digital Signature box shall be all bytes of the file, starting with the first byte,
up to the byte immediately preceding the box header for this Digital Signature box. If the source data is|specified
using a Ptyp of 0, then this Digital Signature box shall not be in any superbox in the file; it shall-be at'thd top level
of the file.

1 The source data that is signed by this Digital Signature box shall be a range of bytes, stagtingwith the Ryte at the
location specified by the OFF field. The length of this range is specified by the LEN figld. If the sourfe data is
specified using a Ptyp of 1, then OFF shall point to the start of a box header and the souyce range shall indlude only
complete boxes; the Digital Signature box shall be at the same level in the box higrdrchy as the box pointed to by
the OFF field.

All other values reserved.

OFF:  Source data offset. This field specifies the offset in bytes to-the start of the source data rapge that is
signed by this Digital Signature box. This offset is relative to the first byte of the file. This field is
encoded as an 8-byte big endian unsigned integer. If the value of Ptyp is 1, then this field shall not
exist.

LEN:  Source data length. If non-zero, this field specifies the length in bytes of the source data rapge that is
signed by this Digital Signature box. A value.of zero specifies that the end of the source daja range is
the last byte of the file. This field is encoded as an 8-byte big endian unsigned integer.

DATA: Signature data. This field contains fhedigital signature produced from the source data rhnge. The
format of this data is as specified by the Styp field.

The Formiat of the contents of the Digital Signature\box is given in Table M.52.

Table M.52 — Fermat of the contents of the Digital Signature box

Parameter Size (bits) Value
Styp 1 0
Rtyp 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

M.11.18 XML box

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
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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 Reader
Requirempmts BOX. THe COMents of the MPEG-7 Bimary box are a5 fottows (See Figure M0 ]

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.pe-overwritten when editing the filg. Readers
shall ignofe all Free boxes. A Free box may be found anywhere in the file‘except before the Reader Requiremgnts box.

The type ¢f a Free box shall be 'free’ (0x6672 6565). As a free box,centains meaningless data, the contents of 4 Free box
are undefined.

If a JPX file involves a large number of compositing layers, whose headers are constructed according to afrepeating
pattern, if may be possible to describe them compactly using one or more Compositing Layer Extensions boxes.
Compositing Layer Extensions boxes also allow asingle animation to be separated into multiple alternate prgsentation

Multicomponent Transformation extension$ described in Annex J to provide four different three-channel rendjtions and
one panchromatic channel, each involving different linear combinations of the underlying multispectral compdnent data.
separate renditions can be assigned colourspaces, for display and other rendering purposes, via distinct
compositing layers. The Compasiting Layer Extensions box allows each of these five types compositing layers to be
assigned 4 separate presentation‘thread, with its own timing for composition purposes. Moreover, the Compositing Layer
i box allows atlong succession of such compositing layers, all formed in essentially the same wdy, from a
succession of codestreams, to be represented together in a compact form, along with any associated metadata.

Compositjng Layer\Extensions boxes may be found only at the top-level of the file (not within any superbox).|If the file
contains gny Gompositing Layer Extensions box, then it shall also contain a Compositions box, at least one Cpdestream

Header bgx<@and-at least one Compositing Layer Header box. Moreover, all such boxes shall precede any Compositing
Layer Extensions-boxes-within-the file

The Compositing Layer Extensions box is a superbox. It may contain zero or more Codestream Header boxes
(as immediate sub-boxes only), one or more Compositing Layer Header boxes (as immediate sub-boxes only), zero or
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.

The type of the Compositing Layer Extensions box shall be 'jcIx' (0x6A63 6C78) and its contents shall be as follows (see
Figure M.41):

jplh” | jplh iset”

————————v

jxi | jpeh’ =

.

=1
Is)
=

—.
o,
=

T.801(21)_FM.41
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Figure M.41 — Organization of the contents of a Compositing Layer Extensions box

Cjclx:  Number of Codestream Header boxes in the Compositing Layer Extensions box. Cjclx may be zero.

jpch®:  Codestream Header box ¢, where ¢ runs from 1 to Cjclx. The Codestream Header boxes, if any, shall
appear before any other boxes.

Gjclx:  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.

Lg: Number of Compositing Layer Header boxes in compositing group g, where g runs from 1 to Gjclx.
Lg shall be at least 1.

jlnlhgvj' (‘nmpn:iting | ayer Header bhox J within mmpmifing group g where j runs from 1 tq Lg. The
Compositing Layer Header boxes within each compositing group g shall precede any InStrliction Set
boxes within compositing group g.

Ig: Number of Instruction Set boxes in compositing group g, where g runs from 1 to, Gjclx. Ig|may be 0
only in the last group — i.e., when g=Gjclx. All other Ig values shall be at least 1«

isetd:  Instruction Set box i, within compositing group g, where i runs from 1 to 1giTFhe Instruction Bet boxes,
if any, within compositing group g shall immediately follow the Compegsiting Layer Header boxes for
compositing group g.

Ljclx:  Total number of Compositing Layer Header boxes found withitthe Compositing Layer Bxtensions
box. This value shall equal the sum of the Lg values for g=1 to\g=GjclIx.

Tjclx:  Number of presentation threads defined by the Compositifig’Layer Extensions box. This alue shall
be equal to Gjclx if all compositing groups contaip-Instruction Set boxes. Otherwisd, the last
compositing group contains no Instruction Set boxeS-and the value of Tjclx shall be equal tp Gjclx-1.
If there are no Instruction Set boxes at all, the value of Tjclx shall be 0.

Lrefd:  Number of compositing layers implicitly referenced by the Instruction Set boxes iset?! o isetd!9,
where g runs from 1 to Tjclx. The procedtrefor calculating this value is given below.

Fjclx:  Number of composited frames associated with each presentation thread defined by the Compositing
Layer Extensions box. This value js supplied by the Compositing Layer Extensions Info bgx ("jIxi"),
except possibly for the last Composition Layer Extensions box in the file; that box's Composition
Layer Extensions Info box may hold the value 0 in place of an Fjclx value. Presentatign threads
defined by the final Compasition Layer Extensions box may have different numbers of frames, as
determined by the thread's compositing instructions and compositing layers.

Mjclx: Repetition factor for'the Compositing Layer Extensions box. The Compositing Layer Exterjsions box
defines a total of Mjclx - Cjclx codestream headers and Mjclx - LjcIx compositing layers. [The value
of Mjclx is supplied by the Compositing Layer Extensions Info box ("jIxi"), except possilyly for the
last Composition Layer Extensions box in the file; that box's Composition Layer Extensiong Info box
may hold the value 0 in place of the Mjclx value, but only if Cjclx is non-zero. In this casq the value
of Mjclx shall be determined in the manner described below.

For the lagt Compasiting Layer Extensions box in the file, if CjcIx is non-zero the value of Mjclx need not bg provided
within thg Compesiting Layer Extensions Info box; in this case, the Compositing Layer Extensions Info box pupplies a
value of ( inplace of the Mjclx value and Mjclx is defined implicitly through the number, Ctotal, of actual Contiguous
Codestregm\boxes and Fragment Table boxes that appear either at the top-level of the file or within Multiple Cpdestream
boxes. Specifically, in the case of the final Compositing Layer Extensions box In the Tile, unless the file contains no
Codestream Header boxes at all, the value of Mjclx shall satisfy

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 set of codestream headers defined by a Compositing Layer Extensions box shall be formed by replicating the entire
set of Cjclx Codestream Header boxes Mjclx times and numbering the codestream header produced by the rth replica of

CodestregnmHeater box jpch™; Startmg from 7=0; a3

Cprev +r - Cjclx + c.

The set off compositing layers and associated headers defined by a Compositing Layer Extensions\box shall be formed by
replicating the entire set of Ljclx Compositing Layer Header boxes within the box Mjclxntimes and numbering the

compositing layer associated with the rth replica of Compositing Layer header box jplhg'j as

Lprev +r - LjcIX + Yq<neg LN + j,

where Lpfev is equal to the number of top-level Compositing Layer Header bexgs, added to the total number of pdditional
compositing layers defined by all preceding Compositing Layer Extensionshoxes.

For each g from 1 to Tjclx, the composited frames associated with-presentation thread g are formed by applying the
compositing instructions found within Instruction Set boxes iset% 104set?'9 to the compositing layers formed from the
Mijclx repjicas of Compositing Layer Header boxes jcIh?* to jcth®%9,

The last Gompositing Layer Extensions box in a file is not required to provide a value for Fjclx. Apart from thi{s case, all
presentatipn threads in the Compositing Layer Header box shall have the same number of frames, Fjclx.

The Compositing Layer Extensions box may also-centain other metadata boxes, such as Label boxes, XNIL boxes,
Associatipn boxes and Cross-Reference boxes. These additional boxes are not replicated, unless they are founfl within a
replicated| Codestream Header box or Compasiting Layer Header box.

If Compogiting Layer Header boxes do not-contain Codestream Registration boxes, the compositing layer that is humbered
with index n uses the codestream thats numbered with index n. If Codestream Registration boxes are used, thgy shall be
found in all Compositing Layer Header’boxes, both at the top-level of the file and in all Compositing Layer Extensions
boxes. In[this case, the codestream indices contained in the Codestream Registration boxes that are found within a
Compositing Layer Header bax shall be remapped, according to the following procedure. An original codestrgam index
¢, found within a Codestream Registration box that is found within a Compositing Layer Header box shall satify either:

0 < c <Ctop, or else
Cprev< ¢ < Cprev+Cjclx,

where Ctgp js equal to the number of top-level Codestream Header boxes in the file. Moreover, in the rth replica of the
Compositjng.Fayer 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 'jixi' (0X6A6C7869) and it shall have the following
contents (See Figure M.42):

Mijclx Cjclx Ljclx Tjclx Fjclx LIFE-
or0 or 0 START
T.801(21)_FM.42

Figure M.42 — Organization of the Compositing Layer Extensions {afo'box

Mijclx or 0: Repetition factor for the Compositing Layer Extensions boxj.represented by a 4-bytd unsigned
big endian integer. This value may be 0 only in the last Compositing Layer Extensi¢ns box of
the file, and then only if Cjclx is non-zero; in this case(the'repetition factor Mjclx is determined
using the value of Ctotal, as described in clause M.21)21.

Cjclx: Number of Codestream Header boxes in the Compositing Layer Extensions box rgpresented
by a 4-byte unsigned big endian integer.

Ljclx: Total number of Compositing Layer {eader boxes found within the Composit|ng Layer
Extensions box represented by a 4-byte unsigned big endian integer.

Tjclx: Number of presentation threads defined by the Compositing Layer Extensions box rgpresented
by a 4-byte unsigned big endian-integer.

Fjclx or 0: Number of composited frames associated with each presentation thread defingd by the

Compositing Layer Extefisions box represented by a 4-byte unsigned big endian integer. This
value may be 0 only_ifTjclx is 0 or within the last Compositing Layer Extensions pox in the
file. In the latter case; the number of frames in each presentation thread is determifed by the
compositing instructions themselves, together with the number of available composit|ng layers.

LIFE-START: The start time for the first composited frame in each presentation thread defingd by the
Compasiting 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-non-zero and is represented by a 4-byte unsigned big endian integer.

If Tjclx i§ non-zero, the duration of composited frames associated with the Composition box or previous Compositing
Layer Extensions boxes-shall be truncated, as required, in order to ensure that they are not presented beyond the point
defined by LIFE-START.

M.11.23 [Multiple Codestream box

If a JPX filocantarnc A laran mboraof cadoctrannme 1t oy ha nenful 0 anecancilatn tham aaathin Ann Ar o MU|tI Ie
le-eontains-a-targe-Rurmberof-codestreams—-rray-be-useful-to-encapsulate-them-within-one-ormore p

Codestream boxes. Each Multiple Codestream box identifies the number of codestreams which it contains, together with
information that may allow readers to efficiently recover specific codestreams of interest. A Multiple 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

Extensi

ons 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 jp2c/fibl/j2ex jp2c/fibl/j2ex  free/mdat free/mdat
T.801(21) FM.43

NOTE
have th
that it
This ig
reader
conten
else th

NOTE
Table |
of codg
the und
file. I

M.11.24
The Mult

j2ci:

Figure M.43 — Organization of the contents of a Multiple Codestream box

this Multiple Codestream box.

The total number of codestreams found within these boxes shall)agree with the value
via the Multiple Codestream Info box.

mdat/mfree:  Zero or more Media Data or Free boxes; these shall appeat-after all Contiguous Cd
Fragment Table and Multiple Codestream boxes that@ppear within this Multiple C
box.

2 — It is advisable for file writers to construct Multiple Codestream boxes from sub-boxes that all have the sal
e same length, and all represent the same number of codestreams, except-possibly the last sub-box. In particular,
s advisable to embed Fragment Table boxes rather than Contiguous ‘Codestream boxes within a Multiple Codeg
especially useful in cases where the Multiple Codestream box contains a large number of codestreams, since
fo use the information found in the Multiple Codestream Infe_box to efficiently locate codestreams of interest.
s of the codestreams referenced by Fragment Table boxes might be written to Media Data boxes within the s3
y might be found in other files.

3 — In some cases, it may be advantageous for a writer to allocate space to accommodate a fixed number N o
oxes within a Multiple Codestream boxes, even ifithe actual number of codestreams is not definitely known. If
streams turns out to be smaller than N, the Nes,value within the Multiple Codestream Info sub-box may be re
sed Fragment Table boxes may be rewritten as Free boxes, without affecting other boxes that may have been w
he number of codestreams turns out to be~larger than N, additional Multiple Codestream boxes may be written.

Table M.53 —Format of the contents of the Multiple Codestream box

Parameter Size (bits) Value

j2ci 128 varies
jp2c/ftbl/j2cx varies varies
mdat varies varies

MultiplexCodestream Info box
pl€.Codestream Info box shall only be found as the first box inside a Multiple Codestream box. Thg

A Multiple Codestream Info box, specifying the total number of codestreams Contaifed within

jp2c/ftbl/j2cx: A Contiguous Codestream box, a Fragment Table box or another |Multiple Codestfeam box.

identified

destream,
pdestream

he type, all
this means
tream box.
it allows a
The actual
me file, or

f Fragment
he number
vritten and
itten to the

Multiple

Codestre

mlnfo bhox prn\/idac the total number of codestreams contained or referenced from within thi

Multiple

Codestream Box, along with auxiliary information that may allow readers to efficiently recover specific codestreams of

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 else 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 Multiple
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
Ltbl =R - 2% + L.

M.11.25 |Grouping Box

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)

The Grouping box provides a mechanism to group other boxes within a container without specifying specific aspociations

as in the Association box. The Grouping box is a superbox.

The type ¢f the Grouping box shall be 'grp\040' (0x6772 7020) and it shall havehe following contents (see Figdre M.45):

0 N
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

box shall

sub-boxeg

boxes.
NOTE
Group
includg
boxes,
box w(

semantic implicationd for the contained metadata. However, the use of Grouping boxes may facilitate the selective

metadg

M.11.26

be interpreted as if they were found-at the level of the grouping box. However, boxes that are requ
of a particular super-box, according to the remainder of this specification, shall not be found within

— Grouping boxes could be' expected to appear in places where Association boxes might appear. The sub-
hg box would typically beoxes that could be expected to appear within an Association box. Examples of such
(but are not limited t0) Label boxes, Number List boxes, Region of Interest Description boxes, XML boxes, 4
other Grouping boXes and Cross Reference boxes that provide references to such boxes. Because sub-boxes of
uld have the same.meaning if found at the same level as the Grouping box, the use of Grouping boxes does n

ta of intergSt\Dy a JPIP server, using the tools and mechanisms defined in Rec. ITU-T T.808 | ISO/IEC 15444-9

Decamposed XML box

Grouping
ired to be
Grouping

poxes of a
sub-boxes
\ssociation
h Grouping
t have any
Helivery of

The Deco

mposed XML box specifies front-matter from an XML document that is decomposed through a hi

prarchy of

Association boxes. When placed as the first box inside an association box, the Decomposed XML box allows for
subsequent XML elements to be further decomposed using Association boxes, as shown in clause M.11.11.

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 box

es.

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

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.

= —T f ntain the
"<?xml>" tag and preferably all other complete XML elements describing the type-of data in the
document, such as namespace and schema tags, as defined in W3C Recommendations¥Ndmespaces
in XML; XML Schema Part 1; and XML Schema Part 2.

M.11.27 XML Header box

The XML Header box specifies an 1D and the opening tag for a single XML element. When{placed as the first pox inside
an associgtion box, the XML Header box allows for a well-formed XML document to he decomposed into a hierarchical
structure Wising boxes; The content of the XML element specified in the XML Header box are taken as boxes 2{-N within
the Assodiation box. The XML Header box shall be found only as the first boxinside an Association box, and that
Associatipn box shall only contain the XML Header box, other Association boxeés (with XML Header boxes aq their first
box) and KML boxes.

The type df the XML Header box shall be 'hxml' (0x786D 6C68) and it shall have the following contents (see Figur¢ M.47):

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 speeifying an ID for this XML element. The length of this field is the LID field, in
bytes

OELT: A text string'specifying the opening tag, including left and right angle brackets ('<' and 'p") and all
attributes_for this XML element

M.12  |Dealing with~unknown boxes

A conforming JRX.file may contain boxes not known to applications based solely on this Recommendation | International
Standard.|If a conforming reader finds a box that it does not understand, it shall skip and ignore that box.

M.13  Using the JPX file format in conjunction with other multi-media standards (informative)

While the JPX file format provides a powerful architecture for storing still-images, there are many applications in which
still-images are stored in conjunction with other multi-media types. For example, many digital still cameras allow the user
to capture 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
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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

M.14

features by combining photographic capabilities with audio capabilities.

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
separately through an interactive protocol.

While file

specific e
up to the

Within th
Decompo,

oot of the original XML document shall also be decomposed.

within thg hierarchy.

NOTE
provid

XML 4

| 1ISO/I
the ori
placeh

Informati

This XMl

Ider and stream equivalence tools and mechanisms defined in Rec. ITU-T_T.808 | ISO/IEC 15444-9.

e Example: Consider the following well-formed XML document:

H'S + £l H S + I al oo b L k. H H + + Fact
vVITiCro drc UIVUII QUITIT IICI\IUIIILy do WU TIUVYV A UULUITITTIU 1O UTURNLUTI U'J, UiICTC 10 UTIT IIII'JUII.GIIL TCOU

ement is to be decomposed using an XML Header box and an Association box, then all ancestors of'thg

— While it is conforming to include a decomposed XML document in an isolated JPX file) this capability is

a mechanism to decompose the contents of an XML box into a sequence of box in situations where only porfions of the
ox are to be returned or transmitted, for example by a JPEG 2000 image server operating/in the context of Rec. I
EC 15444-9 (JPIP). In these cases, the server might transcode a standard XML box‘irito a sequence of boxes ug
inal file which would facilitate selective delivery of the portions of the XML c¢ontent of interest by a JPIP serve

<?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 ,e0m/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="1VH
<circle x="40" y=%22" r="10" />

</shape>

| document might be decomposed as indicated in Figure M.48.

tion. If a
t element,

P structure rooted at the Association box containing the Decomposed XML box, the file shall contain only
sed XML boxes, XML Header boxes, XML boxes, and other Association boxes. Other Boxes shall noj

t be found

ntended to

U-T T.808
on loading
r, using 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">

'aso

‘hxml':
ID: Lense

OELT:
<shape id="pinhole" z="1">

xm

<smallshape id="spot" z="0">
<point x="40" y="22">
</smallshape>

'aso

‘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.

This annex is not actively maintained and should not be used for new applications.

N.1 Introduction to extended metadata

Metadata|is additional information that is associated with the primary data (the image). IntheVcontext of this
Recommgndation | International Standard, it is additional data linked with the image data beyond the pixels whiich define
the imagel Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be consistently npaintained
throughodt the image lifecycle. In today's environment of image editing applications, rapid ¢ransmission via the Internet,
and high quality photographic printers, the lifecycle of a digital image may be very long as'well as complex.

Image mgtadata is a building block for digital imaging that may be used withindthe“wide spectrum of thg¢ imaging
workflow} This annex defines a standard set of image metadata based on a generic, concept that may be furthgr divided
into concgptual metadata groups. Each of these groups describes a unique aspect-ef the image. By partitioning metadata
into discrgte groups, users may extend a particular block without affecting.'the entire architecture thereby] ensuring
semantic |nteroperability while allowing others to add value to the metadata and image data itself.

N.2 Additional references for extended metadata
—  ASTM E1708-95: Standard Practice for Electronic Interchange of Color and Appearance Datd, 1995.
—  IETF RFC 2426: vCard MIME Directory Prafile, September 1998.
—  1SO 12232:1998, Photography — Electronic still-picture cameras — Determination of ISO speed
- 1SO 12233:2000, Photography — Eleetronic still-picture cameras — Resolution measurements.

- 1SO 14524:1999, Photography +Electronic still-picture cameras — Methods for measuring opto-glectronic
conversion functions (OECFEs).

—  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 September 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 to by
other metsrdata definitions. While each group is logically partitioned, they may be linked to each other to form pdditional

semantic

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.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 213


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

ISO/IEC

N.3.3

15444-2:2023 (E)

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
aspect, it does enable logging of certain processing steps applied to an image as hints for future use.
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Intellectual Property Rights metadata

Fundamental metadata types and elements

type or a persona type which is a collection of other primitive datatypes. The Fundamental metadatz
ments that are commonly referenced within other metadata groups. These include a definition for
on and a timestamp.

Image Identifier metadata

ntifier metadata is used to uniquely identify the image.

Metadata syntax

prm to all the normative requirements of N.6, not just those expressed in the DTD and the XML Scf
aracter encoding shall be UTF-8 unless othérwise specified in the XML document.

Metadata schema definition language

mmendation | International Standard uses the XML Schema syntax as defined by XML Schema B
ema Part 2 to describe the elements of the metadata.

Namespace

5 of different sources to use elements with the same names, to be merged within a single documem
ConsideringsJPX metadata, either incorporating other metadata for extensibility or being use

e the following URI is defined.
xmlns:xsd="http://www.jpeg.org/Jjpx”

The follow

ad Ml _CSohamaa dafinad alamaante atteihitne oA valiine:
T

N.4.3

L_a
xmlns:xml="http://www.w3.0rg/XML/1998/namespace/”
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema”

Document type definition information

ctual Property Rights (IPR) metadata defines metadata to either protect the rights of the owner of the-image|or provide
brmation to request permission to use it. It is important for developers and users to understand ‘the impljcations of
property and copyright information on digital images to properly protect the rights of the owner'ofthe imagp data.

hmental metadata types define common datatypes that may be used within each metadata groups. Thoge include

elements
language

1 in ITU-T T.800 | ISO/IEC 15444-1 Annex I, the JP2 Tile format allows XML format metadata to be|contained
box structure. Metadata defined by this annex.shall be well-formed XML as defined by XML 1.0. [The XML

ema. The

art 1 and

nespace is a collection of names, identified by a Universal Resource Identifier (URI), that allgws XML

t with no
in other

ns, it is important to define a XML namespace for JPX elements and attributes. To specify the JPX XML

An XML Document type definition (DTD) for this Recommendation | International Standard is defined by the DTD

specified
The Form

in clause N.8.

al 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”

Where anp XML Schema location is used in metadata defined by this annex, the root element shalh-gpntain an
xsi:schemaLocation attribute listing the jp namespace as specified in clause N.4.2 and the appropriate URLLreference 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 defiried in this annex are optional
unless otherwise stated. If a JPX reader supports a given box, it shall understand all the-elements within the bojx.

N.5.1  [Image Creation metadata box

The Imagp Creation metadata box defines metadata that are related to the creation of a digital image. The scqpe of this
box is apglicable to metadata elements that are relevant to the creation of the digital image data, i.e., camera arjd scanner
device infprmation 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 pf the Image Creation box shall be 'xmI\040' (0x786D,_6C20) as defined in ITU-T T.800 | ISO/IEQ 15444-1,
clause 1.7]1. The contents of this box shall be as follows (see Figure 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

Field napme | Size (bits) Value

ICre Variable This field contains an XML document as defined in clause N.4, with the roof element
IMAGE_CREATION, containing metadata defined in clause N.6.1.

N.5.2  [Centent Description metadata box

This box comprises the content description of an Image. The content description has two main purposes:

—  Firstly: It can be used to classify the image. Images placed in a database need to be extracted from 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

Field name | Size (bits) Value

CDes Variable This field contains an XML document as defined in clause N.4, with the rooff element
CONTENT_DESCRIPTION, containing metadata defined in clause N.6.2.

N.5.3  [History box

This box gontains the history of metadata of an image. The History metadata is used to provide partial information about
how the plicture 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 applications used were not able|to update
the history metadata.

The Histgry box contains a summary of basic image editing operations that have already been applied to the Lmage and
previous Yersion(s) of the image metadata. The History metadata is not designed to be used to reverse (un¢lo) image
editing ogerations.

The type ¢f the History box shall be 'xmI\040' (0x786D 6C20) as defined in ITU-T T.800 | ISO/IEC 15444-1, clpuse 1.7.1.
The contents 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. Thisfield shall be well-formed XML as defined by XML 1.0.

TFable N.3 — Format of the contents of the History box

Field nane | Size (bits) Value

MHist 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.

N.5.4 Intellectual Property Rights box

This box pontdins Intellectual property rights (IPR) related information associated with the image such as mdral rights,
copyrights as well as exploitation information.

The type of the Intellectual property rights box shall be 'jp2i' (0x6A70 3269) as defined in ITU-T T.800 | ISO/IEC 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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Field name Size (bits) Value

IPR

Variable This field contains an XML document as defined in clause N.4, with the root element IPR, ¢
metadata defined in clause N.6.4.

ontaining

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 type of the Image Identifier 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.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 Imageddentifier box

Field nane | Size (bits) Value
Imgld Variable This field contains an XML document as definéd in clause N.4, with the root element IMAGE_ID,
containing metadata defined in clause N.6:5.
N.6 Metadata definitions
This clauge specifies the metadata element syntax and semantics defined as part of JPX file format extended |metadata.
Each of the following metadata elements is based on.the XML format as defined in XML 1.0. A JPX reader shall ignore
metadata plements it does not understand.
N.6.1  [Image Creation metadata
This element specifies information that aresrelevant to the creation of the image file. This element may contaip the sub-
elements |isted below. See also Figuré N'6.
<xsd:element 'mame="IMAGE_CREATION">
<xsd:ceeonplexType>
<xed: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"/>
<xsd:element ref="jp:SOFTWARE CREATION" minOccurs="0"/>
<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
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GENERAL_CREATION_INFO:

CAMERA_CAPTURE:

SCANNER_CAPTURE:

SOFTWARE_CREATION:

CAPTURED _ITEM:

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
image. The syntax of this element is specified in clause N.6.1.10.

This element contains description of the item that was digitally captured.

he values stored here. For example,
parsing based on the Image source
.

General Creation Information metadata

The syntax of this element is specified in clause N.6.1.11.

ent specifies general information on how the image was created. Applications may choose to|skip further parsing

if the application is only interested in digital camera metadata, it can skip
value. This element may contain the sub-elements listed below|. See also

<xsd:complexType>

<xsd:sequence>

<xsd:element
minOccurs="0"/>

</xsd:sequence>

</xsd:complexType>

</xsd:elememrt>

<xsd:element name="GENERAL CREATION INFO">

<xsd:element name="IMAGE CRBATOR" type="jp:tPerson" minOccurs="0"/

<xsd:attribute( ref="jp:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

<xsd:element name="CREATION TIME" type="xsd:dateTime" minOccurs="0"/>
<xsd:element name="IMAGE SOURCE! type="jp:tLangString" minOccurs="p"/>

<xsd:element name="SCENE TYPE™ type="jp:tLangString" minOccurs="0")/>

namesYOPERATOR ORG" type="jp:tOrganizathion”

<xsd:element name='OPERATOR ID" type="Jjp:tLangString" minOccurs="0["'/>

CREATION_TIME:

Figure N.7 — Schema of the General Creation Information metadata

This element specifies the date and time the image was cregted. This
element should be stored when the creation process started. (Elg., it may

IMAGE_SOURCE:

Rec. ITU-T T.801 (V3) (08/2023)

be a 8 minute exposure.) This element should never be changed after it is
written in the image creation device.

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
SCENE_TYPE: This element specifies the type of scene that was captured. It differentiates

"original scenes" (direct capture of real-world scenes) from "second
generation scenes. (Images captured from pre-existing nardcopy images).
It provides further differentiation for scenes that are digitally-qomposed.
Table N.7 lists suggested values for this element.

Table N.7 — Scene type values

Value Meaning
Original $cene Direct capture of real-world scenes
Second Qeneration Scene Images captured from pre-existing hardcopy images such’a photograph
Digital S¢ene Generation Graphic arts or images digitally composed
IMAGE_CREATOR: This element specifies the name of the image creator. The imafje creator

may be, for example, the/photographer who captured the original picture
on film, the illustrator,or graphic artist who conducted the imagg-creation
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 t:re service
bureau, photofinisher, or organization where the image captufe process

(photogtaphed, scanned or created by software) is condufted. See
Orgatiization 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 elenjent specifies a camera‘eapture of a scene. This element may contain camera and lens informatign, device
characterigation and camera capture settings. See also Figure N.8.
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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" minQccurs=["'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 Camerfa Capture metadata

CAMERA_INFO: Camera information. This element specifies information of the camera that
captured thesimage. See Product Details type (clause N.7.1.2]L) for the
format of this element.

SOFTWARE_INFO: Software information. This element specifies information gbout the
software or firmware used to capture the image. See Product Degtails type
(clause N.7.1.21) for the format of this element.

LENS_INFO: Lens information. This element specifies information about thg lens that
captured the image. See Product Details type (clause N.7.1.2[L) for the
format of this element.

DEVICE_CHARACTER: Device characterization. This element specifies the |[technical
characterization of the digital capture device. The syntax of this plement is
specified in clause N.6.1.3.

CAMERALCSETTINGS: Camera capture settings. This element specifies the camera setfings used
when the image was captured. The syntax of this element is sgecified in
clause N.6.1.7.

IACCESSORY: This element specifies the information of the accessories used with the
Camera to capture the image. Professional and amateur pnotographers 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>
<xsd:element name="SENSOR TECHNOLOGY" minOccurs="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 Areg'/>
<xsd:enumeration value="Trilinear"/>
<xsd:enumeration value="Color Sequential\Linear Sensor"/>

</xsd:restriction>

</xsd:simpleType>
</xsd:element>

<xsd:element name="FOCAL PLANE RES" type="jp:tDoubleSfize"
minOccurs="0"/>

<xsd:element name="SPECTRAL SENSITIVITY" type="xsd:string"
minOccurs="0"/>

<xsd:element name="ISQ SATURATION" type="jp:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element name="ISO NOISE" type="jp:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element refs"jp:SPATIAL FREQ RESPONSE" minOccurs="0"/>
<xsd:element\ref="jp:CFA PATTERN" minOccurs="0"/>
<xsd:element ref="jp:0ECF" minOccurs="0"/>

<xsdyelement name="MIN F NUMBER" type="jp:tNonNegativeDouple"
minOccurs="Q"/>

< /&sd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

decomplexTyunc
T T

</xsd:element>

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:

Focal plane resolution. This element specifies the number of pixels per

NOTE
Interng

N.6.1.4

SPECTRAL_SENSITIVITY:

ISO_SATURATION:
ISO_NOISE:

SPATIAL_FREQ_RESPONSE:

CFA_PATTERN:

OECF:

MIN_F_NUMBER:

This spec|

— 1SO 122321998 and 1SO 14524 :1999, which were in-force at the time of initial publication of this Recomi
tional Standard, have been superseded by more recent editions.

Spatial‘Frequency Response metadata

fies/the Spatial Frequency Response (SFR) of the image capturing device. The device measured

meter in the X (width) and Y (height) directions for the maip,image. The

resolution stored is the resolution of the image generated.rath
width and height of the image sensor.

than the

This element specifies the spectral sensitivity of each channel of the camera
used to capture the image. It is useful for certain \scientific applications.
The contents of this element is compatible, with- ASMT E1708-95 and
expected to be defined by another standard. ' the Spectral Sensitivity data

contains a "<" or "&" characters, then allof the occurrences of "4

substituted with "&It;" and "&" shall ke’ substituted with "&amp}".

ISO saturation speed rating. ThiS element specifies the 1SO
speed rating classification as defined in 1ISO 12232.

ISO noise speed rating. This-element specifies the 1SO noise-bg
rating classification as defined in 1SO 12232.

Spatial frequency response. This element specifies the Spatial |
Response (SFR) of.the image capturing device. The syntax of th
is specified in ¢lause N.6.1.4.

Colour filterarray pattern. This element specifies the colour f
(CFA) pattern of the image sensor used to capture a single-sen
image; The syntax of this element is specified in clause N.6.1.5.

Opto-electronic conversion function. This element specifies
Electronic Conversion Function (OECF). The OECF is the re
between the optical input and the image file code value outy
electronic camera. The property allows OECF values defined in |
to be stored as a table of values. The syntax of this element is s
clause N.6.1.6.

Minimum F-number. This element specifies the minimum lens
of the camera or image capturing device.

" shall be

Saturation
sed speed

Frequency
s element

Iter array
sor colour

he Opto-
lationship
uts of an
S50 14524
ecified in

f-number

nendation |

SFR data,

described

222

in ISO 12233, can be stored as a table of spatial frequencies, horizontal SFR values, vertical SFR values, and
diagonal SFR values. See also Figure N.10.

Rec. ITU-T T.801 (V3) (08/2023)

© ISO/IEC 2023 - All rights reserved


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

ISO/IEC 15444-2:2023 (E)

<xsd:element name="SPATIAL FREQ RESPONSE">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SPATIAL FREQ VAL" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SPATIAL FREQ" type="Jjp:tNonNegativeDouble"/>

<xsd:element name="HORIZ SFR" type="1p: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 FrequencyResponse metadata

SPATIAL_FREQ_VAL: Spatial frequency value. This element specifies the list of SFR vplues.
SPATIAL_FREQ: Spatial frequency value’in line widths per picture height units.
HORIZ_SFR: Horizontal SFR value.

VERT_SFR: Vertical SFRwalue.

NOTE|- ISO 12233:2000, which was in-force at the time of initial publication of this Recommendation | Internationgl Standard,

has begn superseded by more recent editions.

N.6.1.5

Colour Filter Array Pattern metadata

This element encodes the actual colour filter.array (CFA) geometric pattern of the image sensor used to capture a single-
sensor cojour image. It is not relevant.for’all sensing methods. The data contains the minimum number of{rows and

columns qf filter colour values that uniguely specify the colour filter array. See also Figure N.11.
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<xsd:element name="CFA PATTERN">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="COLOR ROW" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="COLOR" maxOccurs="unbounded">

<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="White™/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

</xsd:sequence>

</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

FiguresNit1 — Schema of the Colour Filter Array Pattern metadata

COLOR_ROW: This element specifies the list of colour values of the CFA patte

COLOR: CFA pattern values. The values shall be either Red, Green, B
Magenta, Yellow, or White.

n.
ue, Cyan,
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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:tNonNegabiveDoublef"
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™/>
<xsd:element name="R EXP TIME" type="jp:tRational"/>
</xsd:choice>

<xsd:element name="F NUMBER" type="7jp:tNonNegativeDoupble"
minOccurs="0"/>

<xsd:element name="EXP PROGRAM" type="Jjp:tLangString" minOccurs="0["'/>
<xsd:element name="BRIGHTNESS" type="xsd:dduble" minOccurs="0"/>
<xsd:element name="EXPOSURE BIAS" type={"xsd:double" minOccurs="0"/

<xsd:element name="SUBJECT DISTANCEY type="jp:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element name="METERING MODE" type="jp:tLangString"
minOccurs="0"/>

<xsd:element name="3CENE ILLUMINANT" type="Jp:tLangString"
minOccurs="0"/>

<xsd:element namg="COLOR_TEMP" type="jp:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element name="FOCAL LENGTH" type="jp:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element“ame="FLASH" type="xsd:boolean" minOccurs="0"/>

<xsd:element name="FLASH ENERGY" type="jp:tNonNegativeDouble"
minOccurs="0"/%

<xsd:€lement name="FLASH RETURN" type="xsd:boolean" minOccurs="0"/
<xsd:element name="BACK LIGHT" minOccurs="0">
<xsd:simpleType>

<xsd:restriction base="xsd:string">

N .
T

] e 2 loae 11
StrreTtme T T oY [c3=me ™1OTT T

e
<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" minOccunst"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:tLocatfon"
minOccurs="0"/>

<xsd:element name="ORIENTATION" type="jp:tDirection" minOccurs="0"|/>
<xsd:element name=""RAR" type="jp:tRational" minOccurs="0"/>
</xsd:sequence>
<xsd:attributesrref="jp:TIMESTAMP" />
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.13 — Schema of the Camera Capture Settings metadata

EXP-TIME: Exposure time. This element specifies the exposure time used|when 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

when the image was captured. The value of this element is stored in rational
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

EXPOSURE_BIAS:

SUBJECT_DISTANCE:

METERING_MODE:

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.

POTTralt Mode TTE EXPOSUTE SEng 15 IMENded ToT CloSe-up protos WITT TE 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 the |Brightness V

Table N.10 — Metering mode values

measured when the image was captured, using APEX units. The
maximum value is approximately 13.00 cofreSponding to a pic

hlue (Bv)
expected
ure taken

of a snow scene on a sunny day, and(the expected minimum value is

approximately —3.00 corresponding t*@-night scene. If the valu
by the capture device represents a range of values rather than a sir
the minimum and maximum value may be specified.

Exposure bias value. This~¢lement specifies the actual expd
(the amount of over-or Underexposure relative to a normal ex
determined by the cdmera's exposure system) used when cap

e supplied
gle value,

sure bias
bosure, as
uring the

image, using APEX<units. The value is the number of exposyre values

(stops). For example, —1.00 indicates 1 eV (1 stop) underexposu
the normal exposure.

This element specifies the distance between the front nodal pl
lens andthe subject on which the camera was focusing. The ca
have.facused on a subject within the scene that may not havg
primary subject. The subject distance may be specified by a sing
if'the exact value is known. Alternatively, a range of values ind
minimum and maximum distance of the subject may be set. Th
this element is in meters.

This element specifies the metering mode (the camera's method o
weighting the scene luminance values to determine the sensor
used when capturing the image. Table N.10 lists suggested valu
element.

Value

Meaning

re, or half

ine of the
mera may
been the
e number
cating the
e value of

f spatially
Exposure)
es for this

AVETaUE

7AVETAUE TITOUE USET:

Center Weighted Average

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 w.

as 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 Illuminant C

Standard illuminant C used.

D55 Hluminant

D55 jlluminant 1ised

D65 Illuminant

D65 illuminant used.

D75 Hluminant

D75 illuminant used.

COLOR_TEMP:

FOCAL_LENGTH:

FLASH:
FLASH_ENERGY:

FLASH_RETURN:

Colour temperature. This element specifies the actual ‘Colour temperature

value of the scene illuminant stored in units of Kekvin.

focal length may be specified by using a-single number, for a f

xed focal

This element specifies the lens focal length used to capture the iJnage. The
I

length lens or a zoom lens, if the zoom{pasition is known. The v
element is stored in meters.

This element specifies whether flash was used at image capture.

ue of this

This element specifies the amount of flash energy that was pised. The

measurement units are Béam Candle Power Seconds (BCPS).

This element specifiess\whether the camera judged that the flash was not

effective at the time of exposure.

BACK_LIGHT: This element specifies the camera's evaluation of the lighting conditions at
the time of-&xposure. Table N.12 lists BACK_LIGHT valueg used for
lighting situations.

Table'N.12 — Back light values
Value Meaning
Front Light The subject is illdminated from the front side.
Back Ligpt 1 The brightness value difference between the subject centre and the surrounding area is greater thah one full
step (APEX)\ The frame is exposed for the subject centre.
Back Ligpt 2 The brightness value difference between the subject centre and the surrounding area is greater thah one full
step (APEX). The frame is exposed for the surrounding area.

SUBJECGTyPOSITION:

EXPOSURE_INDEX:

ALLITO- COCLIC.

This element specifies the approximate position of the subject infthe scene.

See Position Type for the format of this element.

This element specifies the exposure index setting the camera selpcted.

MO TO T OTUoO0,
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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 Focu

sed 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.

N.6.1.8

This elem
It optiona
the sub-el

used. It contains a list of filter elements, where the order of the’e
the array indicates the stacking order of the filters. The firstvg
array is the filter closest to the original scene. This element sp

Image, Polarizing, Split-Field, Star.

CAMERA_LOCATION: This element specifies the location of the camera when the p
taken. See Location Type for the format of this element.

ORIENTATION: This element specifies the orientationf the camera when the p
taken. See Direction Type for the format of this element.

PAR: Print aspect ratio. This element §pecifies the print aspect ratio sp
the user when the picture was: taken.

Scanner Capture metadata

ent specifies scanner capture metadata that may be used for various scanners such as flatbed and film
ly contains scanner information, device characterizatian'and scanner capture settings. This element m
ements listed below. See also Figure N.14.

cts filters
ements in
lue in the
pcifies the

special effect filter used. Legal values are Coloured,, Diffusign, Multi-

cture was
cture was

ecified by

scanners.
hy contain

<xsd:element name="SCANNER CABTURE">
<xsd:complexType>

<xsd:sequence>
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<xsd:element name="SCANNER INFO" type="jp:tProductDetalls"
minOccurs="0"/>
<xsd:element name="SOFTWARE INFO" type="jp:tProductDetalls"
minOccurs="0"/>
<xsd:element ref="jp:SCANNER SETTINGS" minOccurs="0"/>
</%s5d:sequence>
<Xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
trTomptexTyre
</xsd:element>
Figure N.14 — Schema of the Scanner Capture metadata
SCANNER_INFO: Scanner information. This element specifies information about a particular

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
this element.

format of

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">

<xsd:complexType>

<xsd:sequence>

<xsd:element

name="PIXEL SIZE"
minOccurs="0"/>

type="7Jp:tNonNegativeDoyple"

<xsd:element

name="PHYSICAL SCAN RES"
minOccurs="0"/>

type="jp:tDoubleSjze"
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>

</xsd:element>

Figure N.15 — Schema of the Scanner Settings metadata
PIXEL_SIZE:

This element specifiesthe pixel size, in meters, of the scanner.
PHYSICAL_SCAN_RES:

Physical scan resolution. These elements specify the physicall scanning
resolution of the device (not the interpolated resolution of the fipal output
data) in the X™(width) and Y (height) directions. The valug of these
elements ate\in meters.

N.6.1.10 [Software Creation metadata

This elem

ent specifies software creation information (e.g., the application name) that created the original imagg. See also
Figure N.[L6.

<xsd:element name="SOFTWARE CREATION">

<xsd:complexType>

<xsd:seguience>

<xsd:element name="SOFTWARE INFO" type="jp:tProductDetails"/>
£/xsd:sequence>

</fxsd:complexType>

</xsd:element>

Figure N.16 — Schema of the Software 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>
<xsd: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 Item\metadata

REFLECTION_PRINT: This element specifiesSinformation about a reflection print|that was
digitally captured. /Fhe/ 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>

<xsd:element name="DOCUMENT SIZE" type="jp:tDoubleSize"
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="B/W Print"/>
<xsd:enumeration valde="Color Print"/>
<xsd:enumeration walue="B/W Document"/>
<xsd:enumeratien‘*value="Color Document"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
</xsd:sequencte>
</xsd:confplexType>

</xsd:element>

Figure N.18 — Schema of the Reflection Print metadata

DOCYUMENT_SIZE: This element specifies the lengths of the X (width) and Y (height)

dimension of the nriginal phnmgmph ar _document rpcpnr‘ti /ely, 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.

234

<xsd:element name="FILM">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="BRAND" type="jp:tProductDetails" minOccurs="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="Internegative Color"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="FILM SIZE type="jp:tDoubleSize" minOccurs="0"/

<xsd:element name="ROLL IDW' type="jp:tLangString" minOccurs="0"/>

<xsd:element nafe="FRAME ID" type="xsd:positivelInteger"

minOccurs="0"/>

<xsd:element name="FILM SPEED" type="xsd:positivelInteger"

minOccurs="0"/>
</xsd:sequenceb>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attkibute ref="xml:lang"/>
</xsd:cemplexType>

</xsd:etement>

Figure N.19 — Schema of the Film metadata

RAND: This element specifies the name of the film manufacturer, See Product
Details type (clause N.7.1.21) for the format of this element.

CATEGORY: This element specifies the category of film used. Legal values include

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:tLangString"
minOccurs="0"/>

<xsd:element name="CAPTION" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="CAPTURE TIME" type="jp:tDateTime" minOccurs="0")/>
<xsd:element name="LOCATION" type="jp:tLocation" mimOecurs="0"/>

<xsd:element ref="jp:PERSON" minOccurs="0" maxOeecutrs="unbounded" />
<xsd:element ref="jp:THING" minOccurs="0" maxOccurs="unbounded"/>

<xsd:element ref="jp:ORGANIZATION" minOccursf"0"
maxOccurs="unbounded" />

<xsd:element ref="jp:EVENT" minOccurgz"0" maxOccurs="unbounded"/>
<xsd:element ref="jp:AUDIO" minOcguks="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"|/>
<xsd:element ref="Jjp:DICTIONARY" minOccurs="0" maxOccurs="unboundefi"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute refz#"xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.20 — Schema of the Content Description metadata

GROUP_CAPTION: This element specifies the subject or purpose of the image. |t may be
additionally used to provide any other type of information relgted to the
image.

CAPTION: This element specifies the subject or purpose of the image. |t may be
additionallbz tcad ta nrovida anv athar tvna of infarmatian raldt
additionallyusedto-provide-anyother typeof information—+eldted to 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:

PROPERTY:

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.

This element specifies information used to describe an image or an object
within an image. The syntax of this element is specified in clause N.6.2.8.

DICTIONARY:

COMMENT:

N.6.2.1 [Person Description metadata

This element specifies a dictionary of a property. The syntax of this
element is specified in clause N.6.2.9.

This element specifies user- and/or application-defined information
beyond the scope of other properties in this group..See”’Comment element
(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)for-the format of this eleent. This

element may contain the sub-elements listed below. See also Figure N.21.

<xsd:complexType>

<xsd:complexContent>

<xsd:sequence>

<xsd:element
maxOccurs="unbounded" />

</xsd:sequénce>

</xsd:extension>

</xsd:complexType>

</xsd:&lement>

<xsd:element name="PERSON">

<xsd:extension base="jp:tPerson¥>

</xsd:cofmplexContent>

<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"|/>

<xsd:element name5"LOCATION" type="jp:tLocation" minOccurs="0"|/>

ref="jp:PROPERTY" minOccursf"0"

Figure N.21 — Schema of the Person Description metadata

CS:T:C:\\: Thla C:CIIICIIt O'JC\,;f;CD thC 'JUO;t;UII Uf thc 'JCIOUII \l\l;th;ll thC ;I age 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.

236 Rec. ITU-T T.801 (V3) (08/2023)

© ISO/IEC 2023 - All rights reserved


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

N.6.2.3
This ele

ISO/IEC 15444-2

:2023 (E)

<xsd:element name="THING">

<xsd:complexType>

<xsd:sequence>

<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>

<xsd:element
<xsd:element
<xsd:element

<xsd:element

ref="jp:COMMENT" minOccurs="0"/>
name="POSITION" type="jp:tPosition" minOccurs="0"/>

name="LOCATION" type="jp:tLocation" minOccurs="0"/>

ref="9p: PROPERTY" minOccurs="0" maxOccurs="unbounded" />

<xsd:element ref="jp:THING" minOccurs="0" maxOccurs="unbounded’/>

</xsd:sequence>

<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

Figure N.22 — Schema of the Thing Description metadata

NAME:
COMMENT:

POSITION:

LOCATION:

PROPERTY:

THING:

ID:

Organization Description metadata

This element specifiesthe name of the Thing.

This element specifies user- and/or application-defined i
beyond the scope.af other properties in the Thing. See Comme
(clause N.7.3.1)5for more information on this element.

This element specifies the position of the thing within the in
Position-type (clause N.7.1.17) for the format of this element.

This element specifies the physical location of the thing. This ele
ot specify the relative position of the thing within the image. Se¢
type (clause N.7.1.15) for the format of this element.

The Thing also contains multiple Propertys. These Propertys de
thing. See Property metadata (clause N.6.2.8) for the form
element.

Sub-thing description. The Thing element may contain zero or m
elements, with the interpretation that these are sub-things of the
thing.

This element is the identifier attribute for the Thing.

ormation
t element

hage. See

ment does
Location

scribe the
it of this

ore Thing
ontaining

ntsnecifies an araanization denicted within an imaae This descrintion can alsa he used tao describel
1 5} 1 g 1

the entire

image. See Organization type (clause N.7.1.14) for the format of this element. This element may contain the sub-elements
listed below. See also Figure N.23.
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<xsd:element name="ORGANIZATION">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tOrganization">
<xsd:sequence>
<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>
<xsd:element name="LOCATION" type="jp:tLocation" minOccurs="0"/>

<xsd:element ref="4p: PROPERTY" minOccurs="0"
maxOccurs="unbounded" />

</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

</xsd:element>

Figure N.23 — Schema of the Organization Description metadata

POSITION: This element specifies the position of the organization within the image.
See Position type (clause.N{211.17) for the format of this element.
LOCATION: This element specifieSthe physical location of the organizagion. This

element does not_specify the relative position of the organizgtion. See
Location type (clause N.7.1.15) for the format of this element.

PROPERTY: This elementspecifies additional information describing the organization.
See Property*metadata (clause N.6.2.8) for the format of this element.
N.6.2.4 [Event Description metadata

This elemient specifies a description of the event,depicted in the image. An Event is the most likely reason why an image
is capturefl. This element may contain the sub=elements listed below unless otherwise stated. See also Figure N.24.
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<xsd:element name="EVENT">

<xsd:complexType>

<xsd:sequence>
<xsd:element name="EVENT TYPE" type="jp:tLangString"/>
<xsd:element name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="LOCATION" type="jp:tLocation" minOccurs="0"/>
<xsd:element name="EVENT TIME" type="jp:tDateTime" minOccurs="0"/>

<xsd:element name="DURATION" type="xsd:duration" minOccurs="0"/>

<xsd:element ref="jp:COMMENT" minOccurs="0"/>

maxOccurs="unbounded" />

<!-- Sub-events -->

<xsd:element ref="jp:PARTICIPANT" min@c¢cursE"0"
maxOccurs="unbounded" />
<xsd:element ref="jp:EVENT RELATION" minOccurs§F"0"

</xsd:choice>

</xsd:sequence>

</xsd:complexType>

</xsd:element>

<xsd:choice minOccurs="0" maxOccurs="unbounded">
<xsd:element ref="jp:EVENT"/>

<xsd:element name="EVENT REF" type='"xsd:string"/>

<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

EVENT_TYPE:

DESCRIPTION:

LOCAITION:

Figure N:24 — Schema of the Event Description metadata

Event type. If there is an Event or Sub-event element, the Hvent type
element shall exist. The Event type element may occur only oncg in a node
level of an Event tree or Sub-event branch.

This element specifies a description of the event. This element|is used to
describe an event in text human readable format.

This element identifies the physical location of the Event arld not the
position within the image. See Location type (clause N.7.1.15) for more

EVENT_TIME:

DURATION:
COMMENT:

PARTICIPANT:

EVENT_RELATION:

© ISO/IEC 2023 - All rights reserved

TfoTTMation o this eieTent.

Event date and time. This element specifies the start time of the event. See
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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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:
EVENT: Sub-event description.

EVENT_REF: Event reference. A reference to the sub-event. This elementisal
of the other Event elements.

ID: This element specifies the unique identifier for the Event.

Participant metadata

ink to one

This element specifies the participants in the event. A participant may be a Person, an Organization or a Thing. See also

Figure N.

N.6.2.6

D5,

<xsd:element name="PARTICIPANT">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="ROLE" type="jp:tLangString" minOccurs="0"

maxOccurs="unbounded" />
<xsd:choice>
<xsd:element name="OBJECT REF" type="xsd:string"/>
<xsd:element ref="jp:PERSON"/>
<xsd:element ref="jp:THING"/>
<xsd:element ref="jp:ORGANIZATION"/>
</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="xmiilang"/>
</xsd:complexType>

</xsd:element>

Figure N.25 — Schema of the Participant metadata

ROLE: This element specifies the role of the participant within the even

OBJECT_REF: Object reference. This element is a reference to a participant. Th
is a link to one of the Person, Organization or Thing elements
Content Description metadata.

PERSON: This element specifies a Person who is a participant of an eve

L.

s element
vithin the

nt yet not

depicted within the image. See Person description metadata (

ee clause

N.6.2.1) for the format of this element.

THING: This element specifies a Thing that is a participant of an event yet not
depicted within the image. See Thing description metadata (see clause

N.6.2.2) for the format of this element.

ORGANIZATION: This element specifies the Organization that is a participant of an event yet

not depicted within the image. See Organization description met
clause N.6.2.3) for the format of this element.

Event Relationship metadata

adata (see

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" />

s seoten
</xsd:complexType>

</xsd:element>

N.6.2.7

This elem
Each audi
more than

Figure N.26 — Schema of the Event Relationship metadata

RELATION: This element specifies a description of the.relationship(s) to|the other
event(s).

EVENT_REF: Event reference. This element is a reference to related events. Thjs element
is a link to one of the other Event.elements within the Event description
metadata.

IAudio metadata

ent specifies audio metadata associated with an image. Image’'metadata can contain zero or more audip streams.
D stream can contain a comment element describing thexaudio. A single comment should also be able tp describe
one audio stream. See Figure N.27.

<xsd:element name="AUDIO">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="AUDIO STREAM" type="xsd:anyURI"/>
<xsd:element Mame="AUDIO FORMAT" type="jp:tLangString" minOccurs="p"/>
<xsd:element name="MIME TYPE" type="xsd:string" minOccurs="0"/>
<xsdf{element name="DESCRIPTION" type="jp:tLangString" minOccurs="0"'/>
<Xsdielement ref="jp:COMMENT" minOccurs="0"/>
£/xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

Figure N.27 — Schema of the Audio metadata

AUDIO_STREAM: This element specifies an URI reference to an audio stream. The format of
the stream is not defined.

AUDIO_FORMAT: Audio Stream Format. This element specifies the name of the audio stream
format. For example, AIFF, MIDI, MP3 and WAYV.

MIME_TYPE: This element specifies the Internet media type of the audio file.

DESCRIPTION: This element specifies a description of the audio stream.

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 241


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

ISO/IEC 15444-2:2023 (E)

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" minOccusg&="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOcgurs="unbounded"|/>
</xsd:sequence>
<xsd:attribute name="DICT REF" type="xsd:stnping”/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.28 — Schema-of the Property metadata

NAME: Thiselement specifies the name of the Property.

VALUE: This element specifies the property value. A Property that contains a value
cannot contain sub-property elements.

COMMENT: This element specifies user- and/or application-defined information

beyond the scope of other properties in the Property. See Comment element
(clause N.7.3.1) for more information on this element.

PROPERTY: Sub-property. This element specifies sub-Properties of the encgmpassing
Property. A property that contains sub-properties cannot containja value.

DICT_REF; Dictionary reference. This element specifies a reference to a Dictionary
(see clause N.6.2.9).

N.6.2.9 [Dictionary Definition metadata

This element.Specifies the name of a dictionary. A Property may be defined using a specific dictionary. The advantage of
this is that there is a single definition for each Property metadata, and that two different Property metadata annotations
are not used to define the same thing. See Figure N.28.

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>
<xsd:attribute name="DICT ID" type="xsd:string"/>

<xsd:attribute ref="qp: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 specifigsithe name of the dictiongry.

COMMENT: This element specifies user- apd{or” application-defined information
beyond the scope of other properties in the Dictionary. See |Comment
element (clause N.7.3.1) for more‘information on this element.

DICT _ID: Dictionary ID. This element specifies the unique identifier for the dictionary.

N.6.3  [History metadata

The Histgry element contains a summary of basic image editing-operations that have already been applied to the image
and previpus version(s) of the image metadata. The History metadata is not designed to be used to reverse (unflo) image
editing operations. This element may contain the sub-elements listed below. See Figure N.30.

<xsd:element name="HISTORY">
<xsd:complexType>

<xsd:sequence>
<xsd:element Tef="jp:PROCESSING SUMMARY" minOccurs="0"/>
<xsd:element ref="jp:IMAGE PROCESSING HINTS" minOccurs="0"/>
<xsdf{element ref="jp:METADATA"/>

<xsdissequence>

{xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

Figure N.30 — Schema of the History metadata

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">
<xsd:complexType>
<xsd:sequence>

= il s =N TN ORD AT N 3 g | Wa¥ 1]
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<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG CROPPED" minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG TRANSFORMED" minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG GTC ADJ" minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG STC ADJ" minOccurs=*0!'>
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG SPATIAL ADJ" minOCcurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG EXT EDITER"'minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG RETQUCHED" minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMGE\COMPOSITED" minOccurs="0">
<xsd:complexType />
</xsd:element>
<xsd:element name="IMG METADATA" minOccurs="0">
<xsd:complexType/>
</xsd:element>
</xsd:sequehce>
<xsd:attpibilte ref="jp:TIMESTAMP"/>
</xsd:complexType>
</xsd:element>

Figure N.31 — Schema of the Processing Summary metadata

IMG-CREATED: Digital image created. The presence of this element indicates that|the image
was created by a metadata-aware application or process. Where|a number
of operations are performed in the creation of an image (such as removing
borders), then these operations should be summarized using Digital Image
Created operation and not listed independently. This element is especially
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
has been edited extensively —enough to change the captured scene content.

Image Retouched. The presence of this element indicates the image pixels

have been edited to remove scratches or red-eye, or other mipor image

N.6.3.2
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IMG_COMPOSITED: Image Composited. The presence of this element indicates the
been created by compositing an image with another im3
background, graphic, or text.

metadata has been modified.

Image Processing Hints metadata

bnt specifies a list of the operations performed when editing an image, They differ from the Processing
hints list all the operations in order and the operations may be listed more than once (if the operatiorn
once). The Processing Summary metadata lists all the operations performed during the life of an i
Processing Hints metadata stores the most current set of Qperations in greater detail. The compl
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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"/>
<xsd:element name="IMG CROPPED" type="Jjp:tLangString"/>

<xsd:element name="IMG TRANSFORMED" type="djp: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"|/>
<xsd:element name="IMG EXT EDITED" type="jp:tLangString"/>
<xsd:element name="IMG RETOUCHED" type="jp:tLangStting"/>
<xsd:element name="IMG COMPOSITED" type="jp:tLangString"/>
<xsd:element name="IMG METADATA" type="Jjp:tLangString"/>
</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

Figure N.32 — Schema of,the Image Processing Hints metadata

MODIFIER: This element specifies the application (most probably software), that
performed the operations listed in Processing Summary (clausq N.6.3.1).
See Product Details type (clause N.7.1.21) for the format of this|element.

N.6.3.3 [Previous metadata

This elenjent contains a previous version of the metadata (including previous History metadata). The fornjat of this
element ig defined along with the History metadata (Figure N.30).

Each timd a new image,is:created as a result of editing an image or combining several images, some of the metgdata from
the previqus image(s) ‘may be moved to or referenced by the image history metadata. The contributing imagdg(s) Image
Creation, |Content>Description, History and IPR metadata may be recorded in a Previous metadata element. Careful
consideration shall be made with regards to this previous metadata, particularly previous IPR metadata. See Figure N.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"/>

<xsd:element ref="jp:HISTORY" minOccurs="0"/>

<xsd:element ref="qjp:IPR" minOccurs="0"/>

</xsd:sequence>

</xsd:complexType>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:element>

BASIC_IMAGE_PARAM:
IMAGE_CREATION:
CONTENT_DESCRIPTION:
HISTORY:

IPR:

N.6.3.4 [Image Referencing metadata

This elenent specifies information far referencing previous versions of the image. This element may contai

elements |isted below. See Figure,N.34.

Figure N.33 — Schema of the Previous metadata

This element specifies references’to previous versions of the i
syntax of this element is specified in clause N.6.3.4.

This element specifies.theé image creation information. The syn
element is specifiedin‘clause N.6.1.

This element specifies the content description information. The
this element is specified in clause N.6.2.

This element specifies previous history metadata. The syntd
element is Specified in clause N.6.3.

This\element specifies image intellectual property. The synt
element is specified in clause N.6.4.

hage. The
ax of this
syntax of
x of this

X of this

N the sub-
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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>
<xsd:element name="FILE FORMAT " minOccurs="0"/>

<xsd:complexType>

</xsd:sequence>

<xsd:element name="FILE NAME" type="xsdwvanypPRI"
minOccurs="0"/>

<xsd:element name="FORMAT TYPE" type="xsd:string"
minOccurs="0"/>

<xsd:element name="NIME TYPE" type="xsd:string"
minOccurs="0"/>

<xsd:element name="VERSION" type="xsd:string"

minOccurs="0"/>
</xsd:sequence>
<xsd:complexType>
</xsd:element>
<xsd:element ref="jp:IMAGE\ID" minOccurs="0"/
</xsd:sequence>
<xsd:attribute ref="jpdTIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
<xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute“ref="jp:TIMESTAMP" />
<xsd:attribute ref="xml:lang"/>
<xsd:compleXType>

</xsd:element>

Figure N.34 — Schema of the Image Reference metadata

FILE_NAME: This field specifies the name of an image file.

FORMAT _TYPE: File Format Type. This field specifies the file format of the image.
MIME_TYPE: This field specifies the Internet media type of the image file.

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#"0"/>
<xsd:element ref="jp:IPR IDENTIFICATION" minOcc@rs="0"/>
<xsd:element ref="jp:IPR CONTACT POINT" minOccurs="0"/>
<xsd:element name="IPR HISTORY" minOccuris="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:IPR"MminOccurs="0" maxOccurs="unbounded|"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute refz"jp:TIMESTAMP"/>
<xsd:attribute, tef="xml:lang"/>
</xsd:complexType>

</xsd:elemeng>

Figure N.35 — Schema of the Intellectual Property Rights metadata

IPR_NAMES: This element specifies names related to the represented image. The syntax
of this element is specified in clause N.6.4.1.

IRR/DESCRIPTION: This element specifies the description of the content such as thg title and
caption. The syntax of this element IS Speciiied in clause N.6.4.2.

IPR_DATES: This element specifies the IPR-related date information. The syntax of this
element is specified in clause N.6.4.3.

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 Organization 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="jp:IPR NAME REF"/>
</xsd:choice>

<xsd:attribute ref="qp: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" type="xsd:string"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

</xsd:element>

<xsd:element name="IPR QRG>
<xsd:complexType>
<xsd:complexContlent>
<xsd:extension base="jp:tOrganization">
<xsdtattribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</x5d:complexContent>
</xsd:complexType>

</%sd: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>
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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
organization within the IPR metadata.

DESCRIPTION: This element is the description of the name. Table N.14 lists suggested
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 created the original wg

represented in the image (e.g., painter sculptor, architect, etc.), when the image is not a creatjon itself.

By contrast, a photograph of a sunset will be considered as a creation,of the photographer. Al
work author may be "anonymous."

rk that is

h original

Image Crgator This value specifies that the element is thes\ name of the image | creator.
The image creator may be, for example, the photographerawhoe/captured the original picture o film, the
illustrator or graphic artist who conducted the image-creatien process, etc.

Right Ho|der This value specifies that the element is the name of the intellectual property right holder of the image.
The right holder may be the author of the image,asstock photo agency, or vendor. He is the gne to sell
the license to anyone willing to exploit the image) such as a publisher who will also sell the rdsult or an
end user in a pay-per-view process. The right\nolder has acquired the rights from the creator of previous
right holder in a transaction which usually~has been registered officially.

Represented Individuals | This value specifies that the element is the name of an individual shown in thp image.
This may be used as a description ofdthe image or because privacy rights may require that irjdividuals
depicted grant consent to publish<their image. In such an example, this descriptive element may result
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 content. It may be desirable to have a complementary explanation about the
content of the image in order to exploitthe.content. For instance, a technical description of the content may he|p users in
understanfling and, therefore, valuingthe content of an image (e.g., circumstances under which the image was taken). The
format is yendor specific. This element may contain the sub-elements listed below. See Figure N.37.
<xsd:element name="IPR DESCRIPTION">
<xsdicomplexType>
<xsd:sequence>
<xsd:element name="IPR TITLE" type="jp:tLangString" minOccurs="0"/
Xsd:element name="1PR _LEGEND" type="jp:tlLangstring minoccurs=o"/>
<xsd:element name="IPR CAPTION" type="jp:tLangString" minOccurs="0"/>
<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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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.

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.”

Caption. This element specifies the caption of the image. This element

COPYRIGHT:

N.6.4.3 [IPR Dates metadata

addresses the text which has been added as complementary infarmation to
assist in understanding the image's content (e.g., second draftby| Durer for
a study on a Biblical scene). The caption often has a tutorial motivation.

Copyright. This element specifies the copyright natice’ of the image.
Usually this element defines the right holder who,wants to be |dentified,
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.

This element specifies the IPR-related date information. There are a variety of valid DateTime formats. For gxample, a
date may pe an exact year, possibly with month and day, sometimes with hour;-minute, second and thousandth (i.e., ISO
timestamp, which is always GMT time). However, date may also be less delimiting. For example, the date maly be "first

half of thq fifteenth century," "late middle-age,

early Roman," etc.

Professiofal applications may prefer an exact date, whereas specifying/a year + 5 years may satisfy users of earJy century

photograghs.

This element may contain the sub-elements listed below. See Figure N.38.

<xsd:complexType>

<xsd:sequence>

e Pear |

<xsd:element name="IPR DATES'>

<xsd:element{ name="IPR DATE" maxOccurs="unbounded">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tDateTime">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>

</xsd:complexContent>

g

</xsd:element>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

Figure N.38 — Schema of the IPR Dates metadata

IPR_DATE:

© ISO/IEC 2023 - All rights reserved

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 cameras insert
this information automatically

Scanned This value specifies that the element is the date that the image was scanned.

Processeq This value specifies that the element is the date that the image was processed.

Modified This value specifies that the element is the date when any kind of modification wasymade to the original

work. This element will store the most recent modification date. Although it is,valid to have fnore than
one modification date in this section, it would be more common that the entire.IPR is updated gluring the
modification, and the previous modifications moved to the IPR history.The processing [tool may
generate this date automatically.

Last Modified This value specifies the last date the image was modified. This date, should be easily found, because
there may be either an automatic process putting this element~and replacing the previous "last
modification™ as a "history element" or a manual process where'the'0perator has to do the samejoperation
by hand.

N.6.4.4 [IPR Exploitation metadata

This element specifies metadata to identify IPR protection mechanisms, specific restrictions imposed by the right holder
or obligarIons resulting from the use of the image, and the IPR manhagement system in use for this IPR metafata. This
element may contain the sub-elements listed below. See FigureN.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"/>

<xsd{el€ment name="IPR OBLIGATION" type="Jp:tLangString"
minOccurs="Q"/>

<sd:element ref="jp:IPR MGMT SYS" minOccurs="0"/>
</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>

R —u - - u
oU.dlLLL IUULT LTL= L. Ldlly
</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
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 restrictions

may apply to an image that is not allowed outside the factory for industrial
applications, or for which exclusive rights of copy have been delegated 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
is published. Obligations may vary with time. For example, it may be

forbidden to publish a photograph before a given date, etc.

IPR_MGMT_SYS: IPR management system. This element specifies what managemg
is used. The syntax of this element is specified in clause N:6.4.5

nt system

N.6.4.5 [IPR Management System metadata
IPR Manpgement Systems such as IPMP (Intellectual Property Management & Protection)‘or ECMS (Electronic
Copyright Management System) use these elements to determine where information is kept regarding the mgnagement
system. An example use of these elements is to track the usage of an image. During transfer, an agency detefimines the
owner of the image from the management systems elements. It already knows the constmer, and uses this infofmation to
charge thq user and credit the owner the amount as determined by the management system. This information is gommonly
stored on| a server describing the IPR of the image, and depending upon whether IPR licensing is marjdatory or
recommeided, there shall be a link to where all information about it is kept. Thiselement may contain the sull-elements
listed belgw. See Figure N.40.
<xsd:element name="IPR MGMT SYS">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="IPR MGMT TYPE" type="xsd:string" minOccurs="0"/

<xsd:element name="IPRMGMT SYS ID" type="xsd:string" minOccurs="0['/>

<xsd:element fhame="IPR MGMT SYS LOCATION" type="xsd:anypRI"

minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribite ref="xml:lang"/>
</xsd:complexType>

</xsd:element>

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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N.6.4.7

This elem|

N.6.4.8

<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>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

</xsd:element>

Figure N.41 — Schema of the IPR Identification metadata

identifier. The syntax of this element is specified in clause N.6.4

element is specified in clause N.6{4.8:

Generic IPR ldentifier metadata

IPR_IDENTIFIER: Generic IPR identifier. This element contains a generic purpose IPR
7.

LICENCE_PLATE: This element specifies License plate;0f the content. The syntpx of this

ent specifies a generic IPR identifier. This element may contain the sub-elements listed below. See Figure N.42.

<xsd:element name="IPR IDENTIFIER">
<xsd:complexType>

<xsd:sequence>

content of this element.

<xsd:element name="IPRID MODE" type="jp:tLangString" minOccurs="0["/>
<xsd:element name=/IPR ID" type="jp:tLangString" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>,
Figure N.42 — Schema of the IPR Identifier metadata
IPR_ID_MQODE: This element specifies the identification mode.
IPR_ID: This element specifies the identification. The Mode element deqcribes the

License Flate metadata

This element specifies the license plate of the original image, defined in ISO/IEC 10918-3. The combination of 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"/>

<xsd:element name="DELIVERY DATE" type="xsd:dateTime" minOccurs="0"/>
</xsd:seguence>
</xsd:complexType>
</xsd:element>
Figure N.43 — Schema of the License Plate metadata
LP_COUNTRY: This element specifies the country of registration. The element cqntains the
country code (3-digit number) for the, license plate as defined in
1SO 3166-1.
LP REG_AUT: This element specifies the registfation authority number for the license
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 theregistrant
by the registration adtherity.
NOTE|- A previous edition of this Recommendation | Internatiohal. Standard referenced the 1997 edition of 1ISO 3166-1. This
Recommendation | International Standard now makes an undated reference to 1SO 3166-1.
N.6.4.9 [IPR Contact Point metadata
This element specifies the contact point of the right-helder. It includes a way to contact the current right holdgr in order
to acquirg the rights under the form of a licence.Such information may be a postal address, URL or any ph@ne or fax
number that is a non-ambiguous link to the riglktyholder.
A contact|point may be either a Person, an-Organization, or a reference to a name or a person. This element mgay contain
the sub-elpments listed below. See Figure*N.44.
<xsd:element\name="IPR CONTACT POINT">
<xsd:complexType>
<xsdTchoice>
<xsd:element ref="jp:IPR_PERSON"/>
<xsd:element ref="jp:IPR ORG"/>
sd.elelllellt rel="Jp. J_t’t(_L\lALlJi._lﬂLr
</xsd: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: Organization. This element specifies the organization description. The
syntax of this element is specified in IPR Names (see clause N.6.4.1).
IPR_NAME_REF: 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).

DESCRIPTION: 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

Collectiop 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 along with the Intellectuaj Property
Rights mdtadata (Figure N.35).

Each timg the IPR information of an image is changed, some of the IPR metadata defined through clause N}6.4.1 and
clause N.$.4.9 may be moved to this IPR History metadata element. The IPRistory metadata stores all IPR jmetadata-
related modifications.

N.6.5 [Image Identifier metadata

This elenent specifies an image identifier that uniquely identifies\the image. The format may be globally unjque (e.g.,
UUID), vendor or application dependent. This element may contain the sub-elements listed below. See Figure|N.45.

<xsd:element name="IMAGE [D">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="UID" type="xsd:string" minOccurs="p"/>
<xsd:element name="ID TYPE" type="xsd:anyURI" minOccurs="p"/>
</xsd:sequence>
</xsd:complexTyp&>.
</xsd:element>

Figure N.45 — Schema of the Image Identifier metadata

UID: Unique Identifier. This element specifies the unique identifier ofjan image.
The ID_TYPE element specifies the format of the field.

ID_TYPE: Unique Identifier Type. This element specifies the type of the UID element
as a URI.

N.7 Fundamental type and element definitions

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.7.1.2 ational type
This typelis used to define rational numbers. It contains an enumerator and denominator in a single string: Jee Figure
N.47.
<xsd:simpleType name="tRational">
<xsd:restriction base="xsd:string">
<xsd:pattern value="(\-|\+)?[0-9]+/[0-9]+"/>
</xsd:restriction>
</xsd:simpleType>
Figure N.47 — Schema of thesrational type
N.7.1.3 [String including language attribute type
This typelis used to when an element requires a string and &language attribute definition. The content of this glement is
intended fo store human readable data. See Figure N.48.
<xsd:complexType name="tlDangString">
<xsd:simpleContent>
<xsd:extension Pase="xsd:string">
<xsd:att®ibute ref="xml:lang"/>
</xsd:ektension>
</xsd:gimpleContent>
</xsd4cCemplexType>
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"/>
<xsd:maxInclusive value="180"/>

</xsd:restriction>

</xsd:simpleType>

Figure N.49 — Schema of the degree type

N.7.1.5 [Half degree type

This type ppecifies a direction in degrees and fractions of degrees. The exact meaning of the'alues is dependent on usage.
This type|defines a smaller range than Degree Type (see clause N.7.1.4). See Figure N(50.

<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

N.7.1.6 [Double size type

This typespecifies a size in double coorglinates. See Figure N.51.

<xsd:complexType name="tDoubleSize">
<xsd:seguence>
<xgdielement name="WIDTH" type="jp:tNonNegativeDouble"/>
<xsd:element name="HEIGHT" type="]jp:tNonNegativeDouble"/>

</xsd:sequence>

XSd:complexlype

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>

o) mnoloxTsro
T JT

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 broader

definition|such as "Winter." A date may or may not include a time. This type may contain’the’sub-elements lisfed below.
See Figurp 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>

<xsd:element name="MONTH" minOccurs="0">

<xsd:simpleType>

</xsd:element>

</xsd:element>
</xsd:sequence>

</xsd:choice>

<xsd:element ref="gp
</xsd:sequence>

<xsd:attribute ref="jp

</xsd:complexType>

<xsd:restriction base="xsd:positivelInteger">
<xsd:minInclusive value="1"/>
<xsd:maxInclusive value="12"/>
</xsd:restriction>

</xsd:simpleType>

<xsd:element name="YEAR" type="xsd:gYear" minOCcurs="0"/>
<xsd:element name="CENTURY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:inté&ger" />

</xsd:simpleType>

<xsd:element name="WEEK.DAY" type="xsd:string" minOccurs="0"/>
<xsd:element name="SEASON" type="xsd:string" minOccurs="0"/>

:COMMENT" minOccurs="0"/>

:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

Figure N.53 — Schema of the DateTime type

EXACT: This element contains an exact date and a time.
AT Thic ol nt ma-adata Lovelidina tha tioan ~Ff Aoy )
(YL ™T) LR} CICTTICTTU UUTTLUIT IO LUty \\.:I\\.aluullly LARAYINY AR RAVIRv | uuy}.
MONTH: This element contains a month of the year. An integer value is used rather
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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SEASON:

COMMENT:

N.7.1.9 Address type

This type specifies the address of an object or

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."

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.

W 1
Tt

k]
A~y =T

<xsd:sequence>

<xsd:complexType>

<xsd:extension

</xsd:complexType>

</xsd:element>

</xsd:choice>

</xsd:sequence>

<xsd:attribute\ref="jp

</xsd:complexType>

erSEresSS

<xsd:element name="ADDR NAME" type="jp:tLangString" minOccurs="0"/>

<xsd:element name="ADDR COMP" minOccurs="0" maxOccurs="unbounded">

<xsd:simpleContent>

<xsd:attribute name="TYPE" type="xsd:string"/>

</xsd:extension>

</xsd:simpleContent>

<xsd:choice minOccurs="0">
<xsd:element name="ZIPCODE!~type="xsd:string"/>
<xsd:element name="POSTCODE" type="xsd:string"/>
<xsd:element name="GOUNTRY" type="jp:tLangString" minOccurs="0"/>

<xsd:attribute name="TYPE" type="xsd:string"/>

<xsd:attribute ref="xml:lang"/>

base="jp:tLangString">

:TIMESTAMP" />

ADDR_NAME:

Figure N.54 — Schema of the Address type

Address name. It is a descriptive element for the address.

ADDR_COMP:

TYPE:

© ISO/IEC 2023 - All rights reserved

Address component. Mulfiple elements are used to specity the complete
address. The order of the address elements specifies the full address. A full
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.

Postbox

The post office box number

City

The locality of a.geographic area.

State

The name of a geographical subdivision. Other terms such as "Province", "Prefecture”, "€oy
be used instead.

nty" may

NOTE
Recom

7 IPCODE/POSTCODE: This element specifies the postcode (or zip code) ©f ,the add

COUNTRY:

TYPE:

2 — A previous edition of this Recommendation | International.Standard referenced the 1997 edition of 1SO 3]
Imendation | International Standard now makes an undated reference to 1SO 3166-1.

element is not limited in length. The element has|the title "Po!
"Zip code." An address cannot contain both a pestcode and a zig

This element specifies the country of the address. The element
contain the country code as defined in ISQ 3166-1 or a string i
the country. The 1SO 3166-1 country.€ode is preferred.

Fess. This
tcode" or
code.

can either
Hentifying

This element specifies the type af the whole address. The addiress type

would include whether the address is a home address or a busineg
Suggested type values are listed in Table N.18. Multiple type v
be specified delimited with acomma (",").

Table N.18 — Address type values

s address.
hlues may

66-1. This

Value

Meaning

Domestid

The domestic delivery address.

Internatid

nal

The international delivery address.

Postal

The postal deliveryraddress.

Home

The deliverysaddress for a residence.

Work

The delivery address for a place of work.

N.7.1.10
This type

Phone number type

specifies a phofie number. This type may contain the sub-elements listed below. See Figure N.55.

<xsd:complexType name="tPhone">

<xsd:sequence>

264

<xsd:element name="COUNTRY CODE" type="xsd:string" minOccurs="0"/>
<xsd:element name="AREA" type="xsd:string" minOccurs="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>

Rec. ITU-T T.801 (V3) (08/2023)

Figure N.55 — Schema of the Phone number type
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N.7.1.11
This type

N.7.1.12

COUNTRY_CODE:

ISO/IEC 15444-2:2023 (E)

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.

EXTENSION: This element contains the extension part of the phone number.

TYPE: This element defines the type of the phone number. The phone number type
would include whether the phone number is a home phone gumber or a
business phone number. Suggested type values are listed.in ;Fable N.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 support:
Work Phone number associated with a place-ofwork.
Voice Phone number indicating a voice telephone.
Cell Cellular telephone number.
Video Video conference telephoné number.
BBS Bulletin board system teléphone number.
Modem A modem connecteghtelephone number.
Car A car-phone telephone number.
ISDN ISDN service telephone number.
PCS Personalceommunication service telephone number.

Email address type

specifies an email address. This.type may contain the sub-elements listed below. See Figure N.56.

<xsd:complexType name="tEmail">
<xsd:simp}teContent>
<xG8d<extension base="jp:tLangString">
<xsd:attribute name="TYPE" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

deoxtansd

</xsd:simpleContent>

</xsd:complexType>

Figure N.56 — Schema of the Email address type

TYPE: This element contains the type of the email address.

Web address type

This type specifies a web page address. This type may contain the sub-elements listed below. See Figure N.57.

© ISO/IEC 2023 - All rights reserved
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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>
</xsd:simpleContent>

</xsd:complexType>

N.7.1.13

This type
may contd

Figure N.57 — Schema of the Web address type

TYPE: This element contains the type of the web page.

Person type

Specifies a person. The sub-elements are compatible with the vCard description defined in RFC 2426 This type
in 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>
<xsd:element name="NAME COMP" maxOccurs="unbounded">

<xsd:complexType>

<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="TYPE" use="optional" default="Giv
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Prefix(/»
<xsd:enumeration value="Given'/>
<xsd:enumeration value="Eamily"/>
<xsd:enumeration value<"Suffix"/>
<xsd:enumeration value="Maiden"/>
</xsd:restriction#
</xsd:simpleType>
</xsd:attribute>
</xsd:extension>
</xsd:simpleCoftent>
</xsd:complexType>
</xsd:element>
</xsd:sequénse>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsdfattribute ref="xml:lang"/>
</xsd+ComplexType>

</&sd:element>

En ' >

<xsd:element name="NICK NAME" type="xsd:string" minOccursf"0"
maxOceurs="unbounded" />
<xsd:element name="JOB TITLE" type="xsd:string" minOccurs="0"/>
<xsd:choice minOccurs="0">
<xsd:element name="PERSON ORG" type="Jjp: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" />

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023)
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<xsd:element name="WEB" type="jp:tWeb" minOccurs="0"

maxOccurs="unbounded" />

<xsd:element name="BIRTH DATE" type="xsd:date" minOccurs="0"/>

<xsd:element name="AGE" type="xsd:duration" minOccurs="0"/>

<xsd:element ref="jp

</xsd:sequence>

:COMMENT" minOccurs="0"/>

<xsd:attribute name="ID" type="xsd:string"/>

<xsd:attribute ref="jp

:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

3 2 =
SO .CoONpreXIype

Figure

NAME_TITLE:
PERSON_NAME:

NAME_COMP:

TYPE:

Table'N

N.58 — Schema of the Person type

The element contains the person's title.

This element specifies a framework to describe aperson's name. A person's
name is composed of multiple name companeénts (e.g., given name(s) and
family name(s)). The order of the name component elements spgcifies the
full name of the person. For example,dn languages where the family name
is usually placed before the givep-name, then they would appgar in this
order in the file.

Name component. This element contains a single portion (word) of the
name of a person. A name cemponent element may contain a sirjgle initial
rather than a complete-word. To specify the full name of a persor), multiple
name component elements are used. This element contains p type as
specified below.

Name component type. This element defines the type of fhe Name
Component ™ element. This element would include whether the name
component’is a Suffix, Prefix, Given or Family name. Suggested values
and-thieir corresponding meanings are listed in Table N.20. Multiple values
shall hot be specified within a single type filed.

.20 — Name component type values

Value

Meaning

Prefix

A personal title. (e.g.,

Dr., Sir)

Given

A name construct that is normally given to an individual by the parent or is chosen by the ipdividual.
This is the default value of the name component type.

Family

A name component th

at 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)

Maiden

A name component of a woman's family name before getting married.

268
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JOB_TITLE:
ORGANIZATION:

ORG_REF:

ADDRESS:
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TS element SPecifies a nick name of e person. £.9., - JImmy:.
This element specifies the person's job title.

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.

Organization reference. A reference to the organization. This element is a
link to one of the Organization elements within the metadata.

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 element shall be used.

AGE: This element contains the age of a person.

COMMENT: This element specifies user- and/or application-defined irlformation
beyond the scope of other properties in the person type~See [Comment
element (clause N.7.3.1) for more information on this element.

ID: This element specifies the unique identifier for theperson.

N.7.1.14 |Organization type

This type|specifies an organization. The sub-elements are compatible with the vCard description defined in RFC 2426.

This type|may contain the sub-elements listed below. See Figure N.59.

<xsd:sequence>

<xsd:element
maxOccurs="unbounded" />

<xsd:element
maxOccurs="unbounded" />

<xsd:element
maxOccurs="unbounded" />

<xsd:element
maxOccurs="unbounded" />,

</xsdrsequence>

<xsd:complexType name="tOrganization">

<xsd:element name="ORG NAME" type="jp:tfLangString" minOccurs="0"/>

<xsd:element name="LOGO FILE" type="xsd:anyURI" minOccurs="0"/>
<xsd:element\ name="LOGO FORMAT" type="xsd:string" minOccurs="0"/>
<xsd:element name="MIME TYPE" type="xsd:string” minOccurs="0"/>

<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute name="ID" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

name="ADDRESS" type="jp:tAddress" minOccursf"0"
name="PHONE" type="jp:tPhone" minOccursf"0"
name="&EMATL" type="jp:tEmail" minOccursf"0"
name="WEB" type="jp:tWeb" minOccursf"0"

Strattribute =

</xsd:complexType>

Lo Ld4dlly

Figure N.59 — Schema of the Organization type

ORG_NAME:
ADDRESS:

PHONE:

© ISO/IEC 2023 - All rights reserved

Organization name. This element specifies the name of the organization.

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 number. This element specifies phone number information. See
Phone number type (clause N.7.1.10) for the format of this element.
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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.

MIME_TYPE: This element specifies the Internet media type of the logo file.
COMMENT: This element specifies user- and/or application-defined information
hn\]/nnrl the scops of other prnpnrtine n_the nrganhafinn ype. See
Comment element (clause N.7.3.1) for more information on_this|element.
ID: This element specifies the unique identifier for the organization,

Location type

specifies the physical location of an object or a scene. For example, it may be used te déscribe an object within
or the location of a camera at the time of capture. The Location is the physical l6cation, whereas thg Position
tion 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" minOcclrs="0"/>
<xsd:element name="ADDRESS" type="jpstAddress" minOccurs="0"/>
<xsd:element ref="jp:GPS" minOccuxs="0"/>

<xsd:element ref="jp:COMMENT" finOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xmlslang"/>

</xsd:complexType>

COORD_LOC:

ADDRESS;

GPS:

COMMENT:

N.7.1.15.1 Coordinate location

Figure N.60 — Schema of the Location type

Coordinate location. This element specifies the exact longitudg, latitude
and altitude of an object. The syntax of this element is specified in clause
N.7.1.15.1.

This element specifies the location of an object using an adgress. See
Address type (clause N.7.1.9) for the format of this element.

Global Positioning System. This element specifies location i

clause N.7.1.15.2.

This element specifies the location of 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.

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.

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
stored in different formats.
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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
south (—) directions. See Figure N.61.

<xsd:element name="COORD LOC">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="LONGITUDE" type="]jp:tDegree" minOceurs="0"/>
<xsd:element name="LATITUDE" type="jp:tHalfDegree" minOccurs="0"/>
<xsd:element name="ALTITUDE" type="xsd:double" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>

</xsd:element>

N.7.1.15.2

Figure N.61 — Schema of the Coardinate location element

LONGITUDE: This element-specifies the longitude, represented in double de
fractions,ofdegrees. E.g., "138,700," "-122,450."

LATITUDE: This.‘element specifies the latitude, represented in double de
fractions of degrees. E.g., "35,383," "37,767."

ALTITUDE: This element would contain the distance in meters. Zero is

positive is above, and negative is below.

Raw GPS Information

The infor

For this rdason, the elementsarenot consistent with other metadata elements. For example, a distance on the GPS
may be stpred in miles, while all other metadata distances are stored in meters. These elements are compatible
version 21.

If information forlatitude, longitude and altitude are present in the raw GPS information, the matching elemg

Coordina
This ele

grees and
prees and

sea level,

ation in these elements'is expected to be imported from a GPS system and is compatible with NMEA-0138.

location shall be filled in.

elements
with Exif

nts in the

nt:may contain the sub-elements listed below. See Figures N.62 to N.64.
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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">
<xsd:enumeration value="N"/>

<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:nonNegativéInteger"/>
<xsd:element name="M" type="xsd:nonNé€gativelnteger"/>

<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:restriction™Pase="xsd:string">
<xsd:enumeration value="E"/>
<xsd:enumeration value="W"/>
</xsd:pestriction>
</xsdzStmpleType>
</xsd:element>
<xgdielement name="GPS LONGITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="D" type="xsd:nonNegativelnteger"/>

<xsd:element name="M" type="xsd:nonNegativeInteger"/>

<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">

minOccurs="0"/>

<xsd:simpleType>
<xsd:restriction base="xsd:positivelInteger">
<xsd:minExclusive value="2"/>
<xsd:maxInclusive value="3"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>

<xsd:element name="GPS_ DOP" type="jp:tNonNegativeDouble"

Figure N.62 — Schema of the Raw GPS-Iriformation 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>
</xsd:element>

<xsd:element name="GPS SPEED" type=""p:tNonNegativeDouble"
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:tNonNegativeDouple"
minOccurs="0"/>

<xsd:element name="GPS IMAGE DIR_REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base=!xsd:string">
<xsd:enumeration value="T"/>
<xsd:enumeratiog\value="M"/>
</xsd:restrictdon>
</xsd:simpleType>
</xsd:element>

<xsd:element name="GPS IMAGE DIR" type="jp:tNonNegativeDouble"
minOccurs="0"/¥

<xsdrelement name="GPS_MAP DATUM" type="xsd:string" minOccurs="0"/
<x5d: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"/>

3 — 2
S, ClIaNc L aCIToOIT aroc— 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:nonNegat\ivelnteger"/>
<xsd:element name="M" type="xsd:nonNegativeInteger"/>

<xsd:element name="3" type="jp:tNonNegativeDouple"
minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS DEST BEARING REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction, base="xsd:string">
<xsd:enuméfation value="T"/>
<xsd:emumeration value="M"/>
</xsdgrestriction>
</xsd:igimpleType>
</xsdse€lement>

£xsd:element name="GPS DEST BEARING" type="jp:tNonNegativeDouble"
minOccyrs="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:tNonNegativeDou

ble"

Figure N.64 — Schema of the Raw GPS Information element (concluded)

GPS_LAT_REF:

GPS Latitude Reference. This element specifies whether the GP
is North or South. Table N.21 lists Tegal values of this element.

Table N.21 — Latitude referenee values

Value Meaning
N North Latitude
S South Latitude
GPS_LATITUDE: GPS Latitude. This element contains the latitude of the GPS recei
N.22ists 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

Longitude is East or West. Table N.23 lists legal values of this

5 Latitude

\ver. Table

the GPS
lement.

I'able N.Zs — Longltude rererence values

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.

Rec. ITU-T T.801 (V3) (08/2023)
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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_TIME:

GPS Altitude. This element contains the altitude of the GPS receiver. The
altitude reading is given in meters relative to sea level (geoid).

GPS Time. This element contains the time of the GPS location was
determined. This element is in Greenwich Mean Time. This is not

GPS_SATELLITES:

GPS_STATUS:

Table N.25 — GPS Status values

TTECessarity the camera capture tme.

GPS Satellites. This element contains information about the satejlites used
to determine the camera position. This element can be used-to dgscribe the
number of satellites, their ID number, angle of elevation, azimuth, SNR
and other information. The format is not specified.

GPS Status. This element contains information on'the GPS receiyer at time
of image capture. Table N.25 lists legal values-of this element.

Value Meaning
A Measurement(sin progress.
\ Measurement is interrupted.

GPS_MEASURE_MODE:

Table N.26.£GPS Measure mode values

GPS Measure Mode. This element contains informatior] on the
measurement moee used to determine the GPS location. Table [N.26 lists
legal values.6fsthis element.

Value Meaning
2 2 dimensional measurement.
3 3 dimensional measurement.

GPS_DOP:

GPS_SPEED _REF:

GPS Data Degree of Precision (DOP). This element contains a value
indicating the GPS DOP. An HDOP (horizontal degree of precisjon) value
is written during a two-dimensional measurement, and a PDOP (BD degree
of precision) value is written during a three-dimensional measurgment.

GPS Speed Reference. This element contains the units of measyre for the
GPS Speed element. Table N.27 lists legal values of this eleme

Iable N.Z/ — GFS speed rererence unit values

Value Meaning
K Kilometres per hour
N Knots

GPS_SPEED:

GPS_TRACK_REF:

© ISO/IEC 2023 - All rights reserved

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 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_REF:

GPS Track. This element contains the value in degrees indicating the
direction of the GPS receiver movement. 0 indicates North and 90 indicate

East.

GPS Image Direction Reference. This element contains the reference for

the GPS Image Direction element. Table N.28 lists legal valu

lapaant

es of this

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_DISTANGCE-REF:

Table N.29 — GPS Destination distance reference unit values

GPS Image Direction. This element contains the value ir|| degrees

indicating the direction the camera is facing at the time)of |
picture. 0 indicates North and 90 indicate East.

GPS Map Datum. This element specifies the geodetic survey da
the GPS receiver. For example, if the survey data.is restricted to
value of this tag is "TOKYOQ" or "WSG-84.}!

GPS Destination Latitude Reference. This element specifies w
GPS Destination Latitude is North or South. Table N.21 lists le
of this element.

GPS Destination Latitude. This.element contains the destination
the GPS receiver. Table N.22 lists legal values of this element.

GPS Destination Longitude Reference. This element specifies W
GPS Destination Longitude is East or West. Table N.23 lists le
of this element.

GPS Destination” Longitude. This element contains the d
longitude of.the GPS receiver. Table N.24 lists legal values of thi

GPS Destination Bearing Reference. This element contains the
for the;,GPS Destination Bearing element. Table N.28 lists legal
thiselement.

GPS Destination Bearing. This element contains the value i
indicating the direction of the destination from the GPS
0 indicates North and 90 indicate East.

GPS Destination Distance Reference. This element contains th
measure for the GPS Destination Distance element. Table N.29
values of this element.

aking the

a used by
Japan, the

nether the
jal values

atitude of

hether the
jal values

estination
5 element.

reference
values of

N degrees
receiver.

e units of
lists legal

Value Meaning
K Kilometres per hour
N Knots

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
defined by the GPS Destination Distance Reference.

units are

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"/>

</xsd:sequence>

<xsd:attribute ref="qp:TIMESTAMP" />

</xsd:complexType>

<xsd:attribute ref="xml:lang"/>

Y AW:

PITCH:

ROLL:

COMMENT:

ownward, and the origin at the upper left corner. The scale is such that the height of the image is nor

Figure N.65 — Schema of the Direction type

This element is the direction the capture device is facing. The
measured in degrees. North is 0, East is 90, South 180 and West

This element is a measure of the elevation angle of the capture de
element is a Double value betweer —90 and +90, also measured i
0 facing horizontal. 90 is facing vertically straight upwards
vertically downwards.

This element is a measufg of the rotation angle of the capture de
element is a Double\value between —180 and 180, also m4g
degrees. 0 facing horizontal. 90 where the device is rotated cloc
the left of the device is facing upwards, and —90 where the devicd
anti-clockwise, 180 is upside down.

Element is
is —90.

vice. This
h degrees.
and -90

vice. This
asured in
kwise and
is rotated

This element specifies user- and/or application-defined information

beyond:the scope of other properties in the direction types. Fo
"Upwards," "To the left." See Comment element (clause N.7.3.1
information on this element.

is used to specify the position of an object, within an image. The Position type can be one of the foll

- Arectangular-area (specified as an x, y, width and height).

is deseribed in a Cartesian system, with the X-axis horizontal and pointing to the right, the Y-axis v

example,
for more

bwing:

prtical and

N.7.1.17 [Position type

This type
- An X,y single point
- A set of sphings that represent an area of the image.
- A freestext comment element.

The image

pointing g

1.0. To k¢

a square part of any 1mage has equal wi

€ metadata coordinate sys

alized to

ep.the scale of the X-axis and the Y-axis the same, the image width (R) is its aspect ratio (width/height). Thus,

em refers

Y
to the image area on the reference grid as defined in ITU-T T.800 | ISO/IEC 15444 1. See Figure B.1 in ITU-T T.800 |
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>
<xsd:element name="RECT" type="jp:tRect"/>

<xsd:element name="REGION" type="ip:tRegion"/>

</xsd:sequence>
</xsd:choice>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>

</xsd:complexType>

Figure N.66 — Schema of the Position type

POINT: Single point. This element-specifies a single point in the coprdination
system. See Point type{(clause N.7.1.18) for more informatipn of this
element.

RECT: Rectangular region. This element specifies a rectangular region in the

coordinate syster: See Rect type (clause N.7.1.19) for more information
of this element.

REGION: Avrbitrary region. This element specifies an arbitrary region. Sge Region
type (clause N.7.1.20) for more information on this element.
COMMENT: This.element can describe the position of an object less accurately than one

ofthe above methods. For example, this element may contain "Bgttom 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.

N.7.1.18 [Point type

This type|specifies details abgut)a single point on an image. This type is used to describe a single point in the ¢oordinate
system. This type shall contain the sub-elements listed below. See Figure N.67.

<xsdsComplexType name="tPoint">

<xsd:sequence>

e - wipn o PRI ————e
o, CTLTINTITU ITAllliT= L,_Yb/c_ Jt) o« CINUITIN kJClL,J_ DOUUIU L
<xsd:element name="Y" type="]jp:tNonNegativeDouble"/>
</xsd:sequence>

</xsd:complexType>

Figure N.67 — Schema of the Point type

X

This element specifies the X coordinate of the point.
Y: 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.

2023 (E)

<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>

N.7.1.20

This type
segments

Where an
Arbitrary
even if th

This type

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 thextectangular (below Y).
Region type

specifies details about an arbitrary region on‘ah image. This type consists of a start point and on
Each segment may be either a straight line’(specified using a point), or a spline.

Region). A standard JPX compliant‘tmetadata reader or editor has the option of not using the Arbitra
b Rectangular Region is used.

shall contain the sub-elements' listed below. See Figure N.69.

e O more

arbitrary region is specified, a Rectangular Region shall also be specified (which is the bounding ox of the

y Region,
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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">
<xsd:complexType>

<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="7jp:tNonNegativeDoublie!/>
<xsd:element name="X" type="]jp:tNonNegativeDouble" />
<xsd:element name="Y" type="jp:tNonNegatiyé&Deuble"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:choice>
</xsd:sequence>

</xsd:complexType>

Figure N.69 — Schema of the Region type

POINT: StartPoint: This is the starting point of the spline in the coordinage system.
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 $pline and
ending at the new point. See Point type (clause N.7.1.18) for the| format of
this element.

SPLINE: This element specifies a Bezier curve starting at the end of the¢ previous

spline, and ending at the new end point (X, y), with x1, y1 and x2, y2 being
the first and second control points of the spline respectively.

N.7.1.21 |Product details type

This type|specifies.details about a product (hardware or software). By combining these three elements, a unique value
shall be cfeated. This type may contain the sub-elements listed below. See Figure N.70.
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Where an
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<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"/>

</xsd:sequence>

<xsd:attribute ref="qip:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>
Figure N.70 — Schema of the Product Details type
MANUFACTURER: Manufacturer name. This element specifiesrthe’ name of the mapufacturer

or vendor of the product. It is recommended to set the manufact
shown on the device. See Organization type (clause N.7.1.1
format of this element.

Defined attributes

Language attribute

ute is formatted according to RFC 3066. \When a metadata element has a Language attribute, it sp
n which the metadata is stored. English (€:g., "en") is assumed where the language is not specified.

irer name
) for the

MODEL.: Model name. This element spécifies the model name or number of the
product.

SERIAL: Serial Number. This element specifies the serial number of a prqduct.

VERSION: Version Number. This element specifies the version number of 4 product.

pcifies the

element specifies a Language attribute, and also sub-elements, the Language of the sub-elements ig the same
osing element unless the Language attribute is specified separately within the sub-element. See Figyre N.71.

<xsd:attribute.name="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 complfliant. The
syntax of this element shall match the Language Identificatipn format
of XML 1.0.

N.7.2.2

== - PRl
Frcstaltiy At toutc

When a metadata element contains a Timestamp attribute, it specifies the time that the metadata was generated. Where
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 reseryed.

Permission to copy in _any form is granted for use with wvalidating|and

conforming
systems and applicatdens as defined in ISO/IEC 15444-2:2001, provided this
copyright notice is included with all coples.
-—>
<!-- -
->
<!-- Fundamental Type and Element Definitions -
->
<& -
-
<!-- HUMAN_ SCHEMA DTD LOCATION:http://www.Jjpeg.org/metadata/15444-2.PDF -->
<!-- Attribute definitions -->
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<!ENTITY % att-timestamp "TIMESTAMP CDATA #IMPLIED">
<!ENTITY % att-lang "xml:lang CDATA #IMPLIED">
<!ENTITY $ att-lang-ts "$att-lang; %att-timestamp;">
<!ENTITY % att-lang-ts-id "$att-lang-ts; ID CDATA #IMPLIED">
<!-- Geometric Type -->

LENTIEY < + LD — G-
<!-- Date Type -->
<!ENTITY % jp2-tDateTime " (EXACT | DATE ']

(MONTH?, YEAR?, CENTURY?)),

WEEK DAY®), SEASON?, COMMENT?"

<!ELEMENT EXACT (4 PCDATA) >

<!ELEMENT DATE (#PCDATA) >

<!ELEMENT MONTH (#PCDATA) >

<!ELEMENT YEAR (#PCDATA) >

<!ELEMENT CENTURY (#PCDATA) >

<!ELEMENT WEEK DAY (#PCDATA) >

<!ELEMENT SEASON (#PCDATA) >

<!-- Address type «—->

<!ENTITY % Yp2-tAddress " (ADDR_NAME?, ADDR_COMP*,

(POSTCODE | ZIPCODE)?,
COUNTRY?) ">

<{ELEMENT ADDRESS %jp2-tAddress; >

CATTLIST ADDRESS I'YPE CDATA # IMPLIED

%att-lang-ts;>

<!ELEMENT ADDR NAME (#PCDATA) >

<!ATTLIST ADDR NAME satt-lang;>
<!ELEMENT ADDR COMP (#PCDATA) >

<!ATTLIST ADDR COMP TYPE CDATA #IMPLIED>
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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) >

<IATTLIST WEB TYPE CDATA #IMPLIED>

<!-- Organization type —-->

<!ENTITY % jp2-tOrganization " (ORG_NAME?,

ADDRESS*, PHONE*, EMAIL*,

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) >
| D m
= = g o
<!ENTITY % jp2-tPerson " (NAME_TITLE?,

PERSON NAME*, NICK\NAME*,
JOB TITLE?,

(PERSON_ORG(1, ORG_REF) ?,
ADDRESS*,"\BHONE*, EMAIL*,
BIRTH~DATE?, AGE?,

COMMENT?) ">

<!ELEMENT

<!ATTLIST

NAME TITLE

NAME TITLE

(#PCDATA) >

%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) >

<{ELEMENT JOB_TITLE (#PCDATA) >

<!ELEMENT PERSON_ ORG $jp2-tOrganization; >

<!ATTLIST PERSON ORG %$att-lang-ts-id;>

<!ELEMENT

ORG_REF

(#PCDATA) >
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<!ELEMENT BIRTH DATE (#PCDATA) >

<!ELEMENT AGE (#PCDATA) >

<!-- Location type -->

<!ENTITY % jp2-tLocation " (COORD_LOC?, ADDRESS?,

GPS?, COMMENT?)">

2= T e

LR T OMENT T OO T T AN 2
O == op s o e = Ty =i T SO

<!ATTLIST LOCATION %att-lang-ts;>

<!ELEMENT COORD_LOC (LONGITUDE?, LATITUDE?,” ALTITUDE?)>
<!ATTLIST COORD_LOC %att-timestamp; X

<!ELEMENT LONGITUDE (#PCDATA>

<!ELEMENT LATITUDE (#PCDATA) >

<!ELEMENT ALTITUDE (#PCDATA) >

<!-- GPS type --—>

<!ELEMENT GPS (GPSiLATiREF?, 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_IMAGE, DIR?,

GPS_MAP DATUM?,

GPS_DEST_LAT REF?,

GPo_ DEST LATITUDEY,
GPS_DEST_LONG_REF?,
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) >
<!ELEMENT GPS_STATUS (#PCDATA) >
<!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 (#PCDATE).>
<!ELEMENT GPS DEST LAT REF (#PCDATA) >
<!ELEMENT GPS DEST LATITUDE (Dy 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) >
<!--«Pirection 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) >

© ISO/IEC 2023 - All rights reserved

Rec. ITU-T T.801 (V3) (08/2023) 289


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

ISO/IEC 15444-2:2023 (E)

<!-- Position type -->

<!ENTITY % jp2-tPosition " ((POINT | RECT | (RECT, REGION))?,
COMMENT?) ">

<!ELEMENT POSITION %jp2-tPosition;>

<!ATTLIST POSITION %att-lang-ts;>

<!ELEMENT POINT (X, Y)>

<!ELEMENT RECT (X, Y, WIDTH, HEIGHT)>

<!ELEMENT SPLINE (X1, Y1, X2, Y2, X, Y)>

<!ELEMENT REGION (POINT, (POINT | SPLINE) *)p

<!ELEMENT X (#PCDATA) >

<!ELEMENT Y (#PCDATA) >

<!ELEMENT WIDTH (#PCDATA) >

<!ELEMENT HEIGHT (#PCDATA) >

<!ELEMENT X1 (#PCDATA))>

<!ELEMENT Y1 (#PCPATA) >

<!ELEMENT X2 (4+BCDATA) >

<!ELEMENT Y2 (#PCDATA) >

<!-- Product Details Type -->

<!ENTITY % jp2-tProductDetails " (MANUFACTURER?, MODEL?, SERIAL?,

VERSION?) ">

<!ELEMENT MANUFACTURER %jp2-tOrganization;>

<!ATTLIST MANUFACTURER %att-lang-ts-id;>

<!ELEMENT- MODEL (#PCDATA) >

<!ELEMENT SERIAL (#PCDATA) >

<!ELEMENT VERSION (#PCDATA) >

<!-- Comment element -->

<!ELEMENT COMMENT (#PCDATA) >

<!ATTLIST COMMENT %att-lang-ts;>
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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 SOURCE %att-lang; >

<!ELEMENT SCENETYPE (#PCDATA) >

<!ATTLIST SSCENE TYPE %att-lang;>

<{/ELEMENT IMAGE CREATOR %$jp2-tPerson; >

FAPFETST TMAGE—CEREATOR Srtt—taTg—ts—Tc

<!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 CAMERA CAPTURE

<!ATTLIST CAMERA CAPTURE

(CAMERA INFO?, SOFTWARE INFO?,
LENS INFO?, DEVICE CHARACTER?,
CAMERA SETTINGS?, ACCESSORYY*)>

%att-lang-ts;>

LT OMENT  OAMETD INEO.

2t D <l Dot i

<!ATTLIST CAMERA INFO

=i ottt L= 57

%att-lang-ts;>

<!ELEMENT SOFTWARE INFO

<!ATTLIST SOFTWARE INFO

%jp2-tProductDetaills >

%att-lang-ts;>

<!ELEMENT LENS INFO

<!ATTLIST LENS INFO

$jp2-tProductDetails; >

%att-lang-ts;>

<!ELEMENT DEVICE CHARACTER

MIN F NUMBER?)>

<!ATTLIST DEVICE CHARAGCTER

(SENSOR_TECHNOLOGY?,

FOCAL PLANE RES?,

SPECTRAL SENSITIVITY?,
ISO_SATURATION?, ISO NOISE?,
SPATIAL FREQ RESPONSE?,

CFA PATTERN?, OE

%att-lang-ts;>

CE?,

<!ELEMENT SENSOR/ TECHNOLOGY (#PCDATA) >
<!ELEMENT FOCAL PLANE RES $size;>
<!ELEMENT SPECTRAL SENSITIVITY ANY>
<!ELEMENT ISO SATURATION (#PCDATA) >
<!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+)>

(#PCDATA) >
(#PCDATA) >

(#PCDATA) >

(SPATIAL FREQ, HORIZ SFR, VERT SFR)>

<!ELEMENT CFA PATTERN

<!ELEMENT COLOR_ ROW

(COLOR_ROW+) >

(COLOR+) >

<!ELEMENT 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 (#PCDATA) >

<!-- Camera Capture Settings -->

<!ELEMENT CAMERA SETTINGS

METERING MODE?,

CAMERA LOCATION?,

((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*,

4

<!ATTLIST CAMERA SETTINGS

ORIENTATIONY?, PARY)>

%$att-lang-ts;>
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<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ATTLIST
<!ELEMENT
<!ELEMENT
<!ELEMENT

<!ELEMENT

EXP_TIME
R EXP TIME
F_NUMBER
EXP_PROGRAM
EXP_PROGRAM
BRIGHTNESS
EXPOSURE_BIAS
SUBJECT DISTANCE

METERING MODE

(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
%att-lang;>
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >

(#PCDATA) >

<!ATTLIST
<!ELEMENT
<!ATTLIST
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ATTLIST
<!ELEMENT
<!ELEMENT
<!ELEMENT
<!ELEMENT

<!ATTLIST

METERING MODE
SCENE ILLUMINANT
SCENE_ILLUMINANT
COLOR_TEMP

FOCAL LENGTH
FLASH

FLASH ENERGY
FLASH RETURN
BACK_LIGHT
SUBJECT POSITION
SUBJECT POSITION
EXPOSURE_INDEX
AUTO_FOCUS
SPECIAL EFFECT
CAMERA LOCATION

CAMERA LOCATION

%att-lang;>
(#PCDATA) >
%att-lang;>
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA)Y>
(#PCBATA) >
$ip2-tPosition;>
%Satt-lang-ts;>
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
%jp2-tLocation;>

%att-lang-ts;>

<!ELEMENT ORIENTATION $jp2-tDirection;>
<!ATTLIST ORIENTATION satt-lang-ts;>
<!ELEMENT PAR (#PCDATA) >
<!ELEMENT.ACCESSORY %jp2-tProductDetails;>
<!ATTLIST® ACCESSORY %att-lang-ts;>

- o= oCdllll

er Lapture ==

<!ELEMENT

<!ATTLIST

SCANNER CAPTURE

SCANNER CAPTURE

(SCANNER INFO?, SOFTWARE INFO?,
SCANNER SETTINGS?)>

%att-lang-ts;>

<!ELEMENT

<!ATTLIST

SCANNER INFO

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 -->

L MENT SO WA RE—CREATTON SO FHARE—ENEO2

<!-- 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 «EITM (BRAND?, CATEGORY?, FILM SIZE?,
ROLL ID?, FRAME ID?, FILM SPEED?)>

<!APTLIST 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) >

© ISO/IEC 2023 - All rights reserved Rec. ITU-T T.801 (V3) (08/2023) 295


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

ISO/IEC 15444-2:2023 (E)

<!-- Content Description

<!ELEMENT CONTENT DESCRIPTION

(GROUP CAPTION?, CAPTIO

N?,

<!ATTLIST CONTENT DESCRIPTION

CAPTURE TIMEY?, LOCATIO

PERSON*, THING*, ORGAN

N7,

IZATION™

EVENT*, AUDIO*, PROPERTY%*y

DICTIONARY*, COMMENTR)

%att-lang-ts;>

>

<!ELEMENT GROUP_ CAPTION

<!ATTLIST GROUP_CAPTION

(#PCDATAY)>

%attslang;>

<!ELEMENT CAPTION

<!ATTLIST CAPTION

(#PCDATA) >

%att-lang; >

<!ELEMENT CAPTURE TIME

<!ATTLIST CAPTURE TIME

($jp2-tDateTime; ) >

%att-lang-ts;>

<!-- Person -->

<!ELEMENT «PERSON

<!ALTLTST PERSON

($jp2-tPerson;, POSITIO
LOCATION?, PROPERTY*)>

satt-lang-ts-id;>

N?,

<!-- Thing -->

<!ELEMENT THING

<!ATTLIST THING

(NAME?, COMMENT?, POSIT
LOCATION?, PROPERTY*,

%att-lang-ts-id;>

ION?,

THING*) >

<!-- Organization -->
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<!ELEMENT ORGANIZATION

<!ATTLIST ORGANIZATION

($jp2-tOrganization;, POSITION?,
LOCATION?, PROPERTY*)>

%att-lang-ts-id;>

<!-- Event -->

<!ELEMENT EVENT

(EVENT TYPE?, DESCRIPTION?,

<!ATTLIST EVENT

HOCATFON 2T ENT—FEME2—DURATION ?
COMMENT?, PARTICIPANTY*,
EVENT RELATIONY,

(EVENT | EVENT REF) *)>

%att-lang-ts-id;>

<!ELEMENT EVENT TYPE

<!ATTLIST EVENT TYPE

(#PCDATA) »

%att-langs >

<!ELEMENT DESCRIPTION

<!ATTLIST DESCRIPTION

(#PCDATA) >

%att-lang; >

<!ELEMENT EVENT TIME

<!ATTLIST EVENT TIME

($jp2-tDateTime; ) >

%att-lang-ts;>

ORGANIZATION) ) >

<!ATTREST PARTICIPANT

<!ELEMENT DURATION (#PCDATA) >
<!ELEMENT PARTICIPANT (ROLE+,
(OBJECT REF | PERSON | THING

%att-lang; >

<!ELEMENT ROLE

<!ATTLIST ROLE

(#PCDATA) >

%att-lang;>

<!ELEMENT OBJECT REF

(#PCDATA) >

<!ELEMENT EVENT RELATION

(RELATION*, EVENT REF+)>
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<!ELEMENT RELATION

<!ATTLIST RELATION

(#PCDATA) >

%att-lang; >

<!ELEMENT EVENT REF

(#PCDATA) >

<!-- Audio -->

<!ELEMENT AUDIO

COMMENT?) >

<!ATTLIST AUDIO

(AUDIO STREAM?, AUDIO FORMAT?,

MIME TYPE?, DESCRIPTIDN?,

%att-lang-ts;>

<!ELEMENT AUDIO STREAM

<!ELEMENT AUDIO_ FORMAT

(#PCDATA) >

(#PCDATA) X

<!-- Property -->

<!ELEMENT PROPERTY

<!ATTLIST PROPERTY

(NAME?, VALUE*, COMMENT?, PROPERTYY*)>
%att-lang-ts;

DICT REF CDATA #IMPLIED>

<!ELEMENT NAME

<!ATTLIST NAME

(#PCDATA) >

%att-lang;>

<!ELEMENT VALUE

<!ATTLIST *VALUE

(#PCDATA) >

%att-lang; >

<V5;~/Dictionary Reference -->

<!ELEMENT DICTIONARY

<!ATTLIST DICTIONARY

(DICT NAME?, COMMENT?)>

%att-lang-ts-id;>

<!ELEMENT DICT NAME

<!ATTLIST DICT NAME

(#PCDATA) >

%att-lang; >
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S

->

<!-- History
->

S

->

<!ELEMENT HISTORY

METADATAX)

(PROCESSING SUMMARY?,

IMAGE PROCESSING HINTS?,

<!ATTLIST HISTORY

<!ELEMENT METADATA

%att-lang-ts;>

(BASIC IMAGE PARAM?, IMAGE CREATI

CONTENT DESCRIPTION?,
HISTORY?,

IPR?)>

N?,

<!-- Summary -->

<!ELEMENT PROCESSING SUMMARY

<!ATTLIST PROCESSING SUMMARY

(MG CREATED?, IMG CROPPED?,
IMG_TRANSFORMED?,
IMG_STC_ADJ?,
IMG _EXT EDITED?,
IMG COMPOSITED?,

%att-timestamp;>

IMG_GTC_ADJ?
IMG SPATIAL ADJ?
IMG_RETOUCHED

IMG METADATA?

<!ELEMENT IMAGE PROCESSING HINTS (MODIFIER?,

(IMG_CREATED | IMG CROPPED
IMG_TRANSFORMED |
IMG_STC_ADJ |

IMG EXT EDITED |

IMG_GTC_ADJ
IMG_SPATIAL ADJ

IMG RETOUCHED

<!ELEMENT

<!ATTLIST

MODIFIERSjp2-tProductDetails;>

IMAGE PROCESSING HINTS

IMG_COMPOSITED IMG METADATA)

%$att-lang-ts;>
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<!ELEMENT IMG CREATED (#PCDATA) >
<!ELEMENT IMG CROPPED (#PCDATA) >
<!ELEMENT IMG TRANSFORMED (#PCDATA) >
<!ELEMENT IMG GTC ADJ (#PCDATA) >
<!ELEMENT IMG STC ADJ (#PCDATA) >
<!ELEMENT IMG SPATIAL ADJ (#PCDATA) >
<!ELEMENT IMG EXT EDITED (#PCDATA) >
<!ELEMENT IMG RETOUCHED (#PCDATA) >
<!ELEMENT IMG COMPOSITED (#PCDATA) >
<!ELEMENT IMG METADATA (#PCDATA) >
<!-- Previous -->
<!ELEMENT BASIC IMAGE PARAM (BASIC IMAGE INFQ)>
<!ATTLIST BASIC IMAGE PARAM %att-lang-ts;>
<!ELEMENT BASIC IMAGE INFO (FILE FORMAT?, IMAGE ID?)>
<!ATTLIST BASIC IMAGE INFO sattylang-ts; >
<l-- -
->
<!-- Intellectual Property Right®s -
->
<l=-= -
->
<!ELEMENT IPR (IPR_ NAMES?, IPR DESCRIPTION?,
IPR DATES?, IPR EXPLOITATION?,
IPR IDENTIFICATION?,
IPR _CONTACT POINT?,
IPR HESTORY?)>
<IATTLIST IPR %att-lang-ts;>
<!-- IPR people —-->
<!ELEMENT IPR NAMES (IPR_PERSON?, IPR ORG?, IPR NAME REF?)+>
<!ATTLIST IPR NAMES satt-lang-ts;>
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<!ELEMENT IPR PERSON %$jp2-tPerson; >

<!ATTLIST IPR PERSON DESCRIPTION CDATA #IMPLIED
%att-lang-ts-id;>

<!ELEMENT IPR ORG $jp2-tOrganization;>

<!ATTLIST IPR ORG DESCRIPTION CDATA #IMPLIED
$att-lang-ts-id;>

<!ELEMENT IPR NAME REF (#PCDATA) >

<!ATTLIST IPR NAME REF DESCRIPTION CDATA #IMPLTED>

<!-- IPR description -->

<!ELEMENT IPR DESCRIPTION (IPR_TITEKE®), IPR LEGEND?,
IPR CARTION?, COPYRIGHT?) >

<!ELEMENT IPR TITLE (#PCDATA) >

<!ATTLIST IPR TITLE %att-lang-ts;>

<!ELEMENT IPR LEGEND (#PCDATA) >

<!ATTLIST IPR LEGEND %att-lang-ts;>

<!ELEMENT IPR CAPTION (#PCDATA) >

<!ATTLIST IPR _CAPTNON %att-lang-ts;>

<!ELEMENT) COPYRIGHT (#PCDATA) >

<!ATTREST COPYRIGHT satt-lang-ts;>

<!ELEMENT IPR DATES (IPR DATE+) >

<!ATTLIST IPR DATES %satt-lang-ts;>

<!ELEMENT IPR DATE ($jp2-tDateTime; ) >
<!ATTLIST IPR DATE DESCRIPTION CDATA #IMPLIED

%att-lang-ts;>
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<!-- IPR exploitation -->

<!ELEMENT IPR EXPLOITATION

<!ATTLIST IPR EXPLOITATION

(IPR_PROTECTION?,
IPR USE_RESTRICTION?,
IPR_OBLIGATION?,
IPR MGMT SYS?)>

%att-lang-ts;>

<!ELEMENT IPR PROTECTION

(#PCDATA) >

<!ELEMENT IPR USE RESTRICTION

<!ATTLIST IPR _USE RESTRICTION

(#PCDATA) >

%att-lang; >

<!ELEMENT IPR _OBLIGATION

<!ATTLIST IPR OBLIGATION

(#PCDATA)>

%att-lang; >

<!-- IPR management system —-->

<!ELEMENT IPR MGMT SYS

<!ATTLIST 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) >

<!-- IPR identification -->

<!ELEMENT IPR IDENTIFICATION

<!ATTLIST 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; >
L MENT T T CENCE—REA TR (ER—COUNFRY2
LP_REG AUT?,
LP REG NUM?,
LP DELIVERY DATE?)>
<!ELEMENT LP COUNTRY (#PCDATA) >
<!ELEMENT LP REG AUT (#PCDATA) >
<!ELEMENT LP REG NUM (#PCDATA)>
<!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

<!ATTLIST

IPR~HISTORY

IPR HISTORY

(IPR+) >

%att-lang-ts;>

S Nl -
->

<!-- Image Identifier -
->

<l-- -
->

<!ELEMENT IMAGE ID (UID?, ID TYPE?)>

<!ELEMENT UID

<!ELEMENT

ID TYPE

(#PCDATA) >

(#PCDATA) >
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N.9

304

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 reseryed.

Permission to copy in any form is granted for use with Walidating |and
conforming
systems and applications as defined in ISO/IEC 15444-2:2001, provided this
copyright notice is included with all copjes.
-—>

<!-- HUMAN SCHEMA DTD LOCATION:http://www.jpeg.Org/metadata/15444-2.PDF --|

<xsd:schema targetNamespace="http://www.jpeg.org/jpx/1.0/kml"
xmlns:jp="http://www.Jjpeg.arg/Jjpx/1.0/xml"
xmlns:xsd="http://www.w3¥bdrg/2001/XMLSchema"
xmlns:xml="http://www.w3.0rg/XML/1998/namespace"
xmlns="http://www.3jpeg.org/Jjpx/1.0/xml"

elementFormDefault="qualified">

- Fundamental Metadata Types, Fields and Attributes

— See clause N.7.2.1 Tanguage 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 doubile type
-—>
<xsd:simpleType name="tNonNegativeBouble">
<xsd:restriction base="xsd:doukle">
<xsd:minInclusive value="Q'/>
</xsd:restriction>

</xsd:simpleType>

- See clatse N.7.1.2 Rational type
-—>

<xsd:gimpleType name="tRational">
<xsd:restriction base="xsd:string">

<xsd:pattern value="(\-|\+)?2[0-9]+/[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"/>
</xsd:restriction>

</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 Doublesize type and
-—>
<xsd:complexType name="tDoubleSize">
<xsd:sequence>
<xsd:element nlame="WIDTH" type="]jp:tNonNegativeDouble"/>
<xsd:element\ name="HEIGHT" type="jp:tNonNegativeDouble"/>
</xsd:seqguence>

</xsd:conplexType>

— 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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