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Foreword

021(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies

that are

members of ISO or IEC participate in the development of International Standards through technical

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

activity.

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

work.

The procedures used to develop this document and those intended for its further mainten
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval critefia neede
ifferent types of document should be noted.

Q. QO

ttention is drawn to the possibility that some of the elements of this document may be the s
atent rights. SO and IEC shall not be held responsible for identifying any or(all such patent right
f any patent rights identified during the development of the document will be in the Introductio
n the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list g
eclarations received (see https://patents.iec.ch).

Q.0 O T o

o>y

ny trade name used in this document is information given for the convenience of users and
onstitute an endorsement.

Q

or an explanation of the voluntary nature of standards, the meaning of ISO specific te
xpressions related to conformity assessment, as wellas information about ISO's adherence to th
rade Organization (WTO) principles ih> the Technical Barriers to Trade

ce www.iso.org/iso/foreword.html. In the IEE; see www.iec.ch/understanding-standards.

v ] @®

—

his document was prepared by ITU-T (@sITU-T REC. T.803) and drafted in accordance with its
ules, in collaboration with Joint “\Fechnical Committee ISO/IEC JTC1, Information teg
ubcommittee SC 29, Coding of audio; picture, multimedia and hypermedia information.

L=

his second edition cancels.and replaces the first edition (ISO/IEC 15444-2:2004), which
bchnically revised. It _also incorporates the Amendments ISO/IEC 15444-2:2004/Amd
50/IEC 15444-2:2004/Amd 3:2015 and ISO/IEC 15444-2:2004/Amd 4:2015 and the T
orrigenda ISO/IECA5444-2:2004/Cor 3:2005 and ISO/IEC 15444-2:2004/Cor 4:2007.

O — o

—

he main changesare as follows:
4+ AnnexN(("]PX file format extended metadata definition and syntax") is deprecated;

-+ the Registration Authority specified in M.7, which was never created or used, is cancelled;

hnce are
1 for the

ibject of
. Details
hand/or
f patent

does not

'ms and
e World
(TBT)

editorial
hnology,

as been
2:2006,
echnical

— signalling for HT]ZK codestreams, as specitied 1n Rec. ITU-T 1.614 | ISO/IEC 15444-15,1s a
— the RLT marker segment is added;

— references have been revised to their currently in-force editions;

— signalling for codestreams that conform to ISO/IEC 21122-1 is added;

— parameterized colourspace is added to the Colour Specification box;
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— outstanding amendments and corrigenda are consolidated; and

— the definition of the CAP marker segment was moved to Rec. ITU-T T.800 (2019) |
ISO/IEC 15444-1:20109.

Alist of all parts in the ISO/IEC 15444 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
commitfees.
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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;

defines a standard Set of image metadata; ’In
age

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

2

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

data;

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

data;

specifies an extended file format;

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

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

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

Normative references

following Recommendations and International Standards contain ‘provisions which, through reference in this
itute provisions of this Recommendation | International Standard. For dated references, only the edition cited ap

For dndated references, the latest edition of the referenced document (including any amendments) applies. At the i

publ
agre
apply
regis
a list

2.1

cation, the editions indicated were valid. All Recommendations and Standards are subject to revision, and part
ments based on this Recommendation | International Standard are encouraged to investigate the possibili
ing the most recent edition of the Recommendatiohs and Standards listed below. Members of IEC and ISO mai
ters of currently valid International Standards:Fhe Telecommunication Standardization Bureau of the ITU main
of currently valid ITU-T Recommendations:

Identical Recommendations | International Standards

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

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

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

Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG
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text,
lies.
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T.84
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2.2
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Recommendation ITU-T T.805 | ISO/IEC 15444-6, Information technology — JPEG 2000 image coding

system — Part 6: 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 XR image

coding system — Image coding specification.

Paired Recommendations | International Standards

Recommendation ITU-T H.273 (in force), Coding-independent code points for video signal
identification.
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2.3

3

ISO/IEC 23001-8: (in force), Information technology — MPEG systems technologies — Part 8: Coding-

independent code points.

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 61966-2-1:1999, Multimedia systems and equipment — Colour measurement and management:

Part 2-1: Colour management — Default RGB colour space — sSRGB, plus its Amendment 1: 2003.

IEC 61966-2-2:2003, Multimedia systems and equipment — Colour measurement and management —
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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
3.2

attribute: XML construct that is a name-value pair extending or qualifying the meaning of an element.

cell: Optional subdivision of a tile used for low-memory encoding and decoding.

Rec. ITU-T T.801 (06/2021)
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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 impact or span|with

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

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

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

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

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

3.15 JPX baseline: Subset of the JPX file formatthat uses codestream conforming to Rec. ITU-T T.300 |
ISO/JEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 only.

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

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

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

3.19 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 tp use
the spme element names within a single document to avoid element name conflicts.

3.21 offset array: Array of coefficients containing offsets which are added to intermediate components diiring
mult|ple<€omponent transformation of a component collection.

3.22 reconstructed imngn r‘nmpnnnnf' Set of nllfpllf intermediate r‘nmpnnnnfc from the final transformation ~fage

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.

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.
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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 filtering.

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

4 Abbreviations

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

ADS Acrbitrary decomposition styles marker

ATK Acrbitrary transformation kernels marker

CBD Component bit depth definition marker

DCO Variable DC offset marker

DFS Downsample factor styles marker

DPI Dots per inch

IPR Intellectual Property Rights

MCC Multiple component collection transformation marker
MCO Multiple component transformation ordering marker
MCT Multiple component transformation definition marker
NLT Non-linearity point transformation marker

uuliD Universal Unique ddentifier
VMS Visual masking marker

5 Conventions

In this Recommendation«|Jnternational Standard, the word "shall" is used to express mandatory requirementp for
confprmance to this Specification. When used to express a mandatory constraint on the values of syntax elements gr the
valugs of variables derived from these syntax elements, it is the responsibility of the encoder to ensure that the conslraint
is fulfilled. The word "may" is used to refer to behaviour that is allowed, but not necessarily required. The word "shguld"
is uged to refér to behaviour of an implementation that is encouraged to be followed under anticipated ord|nary
circumstances, but is not a mandatory requirement for conformance to this Specification.

istarical reasons, in this Specification, the convention of listing all informative annexes after the last normiative

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 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
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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 Syntax

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

An eitension which provides for variable DC offset is described in Annex B. Variable-BC offset may be used to generate
a befter data distribution for input to the ICT or RCT multi component transformation, defined in Rec. ITU-T T.B00 |
ISONEC 15444-1, and/or the wavelet transformation. Images with very skewed sample distributions may benefit from a

An dxtension that provides for variable scalar quantization is described in Annex C. This extension allows smaller or
r deadzones to be used with the scalar quantizer. This technigue may improve visual appearance of low level texture.

An extension of the quantization is described in Annex.D’s This extension provides for trellis coded quantization (TICQ).
The [TCQ algorithm applies spatial-varying scalar guantization to its input sequence by choosing one of four scalar
quantizers for each sample. Quantizer indices from:supersets of these quantizers along with quantizer transitions ip the

An eiktension which provides for visualimasking is described in Annex E. Visual masking is a mechanism where artgfacts
asked by the image acting as.a’background signal. The main goal is to improve the image quality, especiallly for
{sthe

ality

is more robust against variations in image complexity. This is accomplished at the encoder via an extended non-lingdarity

contijol the'\bandpass extent of wavelet sub-bands and thus provide control over the decorrelation process in order toltune
ssion performance. This extension also allows for transcoding of other wavelet based compression algorithmg into

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.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 5
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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 transformatlons to map reconstructed vaIues back to their proper range. These transformatlons may be
C C : a C S The
first fwo transformatlons gamma and Iook up table (LUT) style non- Ilnearltles can be used to perceptually flatten a
scanner or sensor with a linear response, from 12 bits to 8 bits precision prior to compression. The third, which maps
sign{magnitude numbers into a two's complement representation, can be used to represent floating point numbers.

6.1.11  Region of interest

An eitension which provides for Region of interest coding using the scaling based method is described in Annex L| The
scalipg based method provides for having different scaling values for different regions of interést. The extension also
specifies how to generate the masks in the wavelet domain that describe the set of wavelet coefficient belonging tojeach
Regipn of interest.

6.1.12 File format

An extension of the file format is described in Annex M. This extension provides-for the exchange of compressed inage
files petween application environments. This extension is an optional file format, called JPX, that applications may cHoose
to uge to contain JPEG 2000 compressed image data. JPX is an exténsion to the JP2 file format defined in|Rec.
ITU4T T.800 | ISO/IEC 15444-1, Annex I. The format:

1) specifies a binary container for both image and metagata;
2) specifies a mechanism to indicate image properti€s, such as the tone-scale or colour space of the image;

3) specifies a mechanism by which readers_may recognize the existence of intellectual property nights
information in the file;

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

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

6.1.13 Metadata definitions

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

6.2 Relation between extensions

The relations, at decoder side, between the extensions listed above are given in Figure 6-1. Technologies describgd in
Rec.|[ITO-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 provide all the codestream signalling in this Recommendation | International Standard. Further, it

antiq
nor

ative reference.

as a

All positive (unsigned) integer values of parameters are placed in the codestream as unsigned integers. All ather (signed)
integers are expressed in two's complement. Unless otherwise indicated, all values are in big endian order)
In thp tables of this annex, the symbol "r" denotes bits that are reserved, and the symbol "x" denotes hits whose valug can
be either O or 1.
For ¢odestreams conforming to this Recommendation | International Standard alone, the value of each bit denoted|with
an "1" shall be 0.
NOTE — The behaviour of implementations that conform to this Recommendation | International Standard is left unspecified when
plocessing a codestream where the value of any bit denoted with an "r" is not 0.
Al Extended capabilities
The $yntax in this annex supports the extensions in this Recommendation} laternational Standard. These marker segments
confprm to the same rules as the syntax in Rec. ITU-T T.800 | ISOAEC 15444-1, Annex A. The addition of parareter
valugs to some marker segments in Rec. ITU-T T.800 | ISO/IEC 15444-1 and the addition of new marker segments signals
the information specific to the extensions in this Recommendatign | International Standard. In every marker segmernt the
first [two bytes after the marker shall be an unsigned value that denotes the length in bytes of the marker segment
parameters (including the two bytes of this length parameter but not the two bytes of the marker itself). When a marker
segment that is not specified in this Recommendation | dhternational Standard or in Rec. ITU-T T.800 | ISO/IEC 13444-
1 is gncountered in a codestream, the decoder shall.use the length parameter to discard the marker segment. Tablg A.1
shows the marker segments affected by this Recommendation | International Standard.
Table A.1 — Syntax support for extensions
Extended Rec. ITU-T T.800 |
Extension ISO/IEC 15444-1 marker New marker segmengs
segments

All pxtensions SIz -

Varjable DC offset - DCO

Varjable scalar quantization QCD, QCC, sOT QPD, QPC

Trellis coded quantization QCD, QCC, sOoT QPD, QPC

Vispial masking - VMS

Single sample offset transform Slz, CoD, COC -

Arbjtrary decomposition styles COD, COC DFS, ADS

Acrbitrary transformation kernels COD, COC ATK

Multiple component transform COD CBD, MCT, MCC, MCO

Non-linearity point transformation - NLT

Acrbitrary shaped region of interest RGN -

Precinct length, tile-part header - RLT

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

8 Rec. ITU-T T.801 (06/2021)
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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

MSBvalue (blts)LSB Capability
1x00 XXXX XXXX XXXX At least one of the extended capabilities specified in this Recommendation | International
Standard is present
1x$0 xxx0 xxxx xxxl1 | Variable DC offset capability is required to decode this codestream? P)
1x00 xxxx xxxx xx1x Variable scalar quantization capability is required to decode this codestream?
1x(0 xxxx xxxx X1xx Trellis coded quantization capability is useful to decode this codestream®
1x(0 xxxx xxxx 1xxx Visual masking capability is useful to decode this codestream®)
1x00 xxxx xxx]1 XXXX Single sample overlap capability is required to decode this codestream?
1x(0 xxxx xx1X XXXX Arbitrary decomposition style capability is required to decode this codestream?
1x(0 xxxx x1xx XXXX Arbitrary transformation kernel capability is required to decode thiscodestream?
1x00 xxxx 1xXxXX XXXX Whole sample symmetric transformation kernel capability is requited to decode this codestregm?
1x(0 xxx] XXXX XXXX Multiple component transformation capability is required to/décode this codestream?
1x(0 xx1x XXXX XXXX Non-linear point transformation capability is useful to decade this codestream®
1xQ0 x1xXx XXXX XXXX Avrbitrary shaped region of interest capability is required to decode this codestream?
1x00 1xxXx XXXX XXXX Precinct-dependent quantization is required to decgde this codestream?

All other values reserved

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

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

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

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

A2.2

Start of tile-part (SOT) extendéed

If R4iz indicates that the precinct-depgndéent quantization capability is used, then the SOT marker segment from

Rec.

ITU4T T.800 | ISO/IEC 15444-1, Afnex A, is extended to allow 1-65535 tile-parts. Table A.3 replaces Rec. ITU-T T.800
| ISQ/IEC 15444-1, Table A.5, ahdyTable 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 0-65 534
Psot 32 0, 0r 14-(232-1)
TPsot 16 0-65 535
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
© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 9
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A.23  Coding style (COD, COC), extended

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

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

o [ B o

Figure A.1lbis — Coding style default syntax

If the
replg

If th
replg

If the
then
show

If the
num
1544

Rsiz field of the SIZ marker segment indicates that the multiple component transformations are used, then Tabl
ces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.17.

Rsiz field of the SIZ marker segment indicates that the arbitrary transformation kernels are used, then Table
ces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.20.

Rsiz field of the SIZ marker segment indicates that the single sample overlap transformation capability is neceg
an extra 8 bit field is added to Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.13 &fter the transformation fie
n in Table A.7. The SSO values are found in Table A.11.

Rsiz field of the SIZ marker segment indicates that the arbitrary decomposition styles are used then the maxi
per of decomposition levels field definitions are found in Table A.9 ratherthan in Rec. ITU-T T.800 | ISQ
4-1, Table A.13. This is shown in Table A.7.

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

\l\//|aslges (Egg €oding style
rrxx xxx0 Entropy coder, pregincts with PPx = 15 and PPy = 15
rrxx xxxl Entropy coder with precincts defined below
rrxx xx0x No SOP marker segments used
rrxx xx1x SOP.marker segments may be used
rrxx x0xx No-EPH marker used
rrxx x1lxx EPH marker shall be used
rrxx 0xxx Offset in the horizontal dimension, z, = 0 (CBAP)
rrxx 1xxx Offset in the horizontal dimension, z, = 1
rrx0 Xxmx Offset in the vertical dimension, z,=0 (CBAP)
rrxloxuxx Offset in the vertical dimension, z, = 1
Lr0% xxxX Block coder extensions not used
rrlx xxxx Block coder extensions defined by SXcod
All other values reserved

e A8

A.10

sary,
Id as

mum
IEC

Table A.6 — Coding style parameter values of the SGcod parameter

Parameters (in order) (f)liig) Values Meaning of SGcod values
Progression order 8 Rec. ITU-T T.800 | ISO/IEC Progression order
15444-1, Table A.16
Number of layers 16 1-65535 Number of layers
Multiple component 8 Table A.8 Multiple component transformation usage
transformation
10 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved
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Table A.7 — Coding style parameter values of the SPcod and SPcoc parameters, extended

. Size Values (bits) .

Parameters (in order) (bits) MSB LSB Meaning of SPcod values

Maximum number of 8 Table A.9 Decomposition mapping and levels

decomposition levels

Code-block width 8 Rec. ITU-T T.800 | ISO/IEC Code-block width exponent offset value, xcb
15444-1,
Table A.18

Code-block height 8 Rec. ITU-T T.800 | ISO/IEC Code-block height exponent offset value, ych
15444-1,
Table A.18

Coge=ttockstyte 8 Rec+T0=-T T-866 HSOHEE Styteofthecode-btockcodimgpasses
15444-1,
Table A.19

Trapsform 8 Table A.10 Wavelet transformation used

SSQ overlap 16 Table A.11 SSO overlap values

Preginct size variable | Rec. ITU-T T.800 | ISO/IEC If Scod or Scoc = xxxx xxx0, this pargmeter is not

15444-1,
Table A.21

present, otherwise this indicates grecinct width and
height. The first parameter (8 bits)-Corresponds to the
N_LL, N LX, or N XL subsband. Each successive
parameter corresponds ta’each successive resolution i
order.

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

Values (bits)

Multiple component.transformation type

MSB LSB

00¢0 0000 No multiple component transformation specified:

0040 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.

0090 0x10 Array-based multiple component transformation is used. May be combined with wavelet-based
multiple component transform.

0090 01x0 Wavelet-based multiple comiponent transformation is used. May be combined with array-based

multiple component transform.

All other values reserved.

Table A.9 — Decamposition for the SPcod and SPcoc parameters, extended

Values (bits)
MSB LSB

Decomposition type

o

D00 0000
to
D10 0000

o

Number of levels of wavelet decomposition, dyadic decomposition, N (Zero implies no transform.).

=

D00 000X
to
1111711

[

If in the main header: Downsampling factor style index value (1 to 127). (See clause A.3.3.)
If in tile-part header: Arbitrary decomposition style index value (1 to 127). (See clause A.3.4.)

All other values reserved

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

Values (bits)

Transformation type

MSB LSB
0000 0000 Rec. ITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible wavelet transform.
0000 0001 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible wavelet transform.
0000 0010 Avrbitrary transformation kernel definition index value (2-255). Definitions are found in the appropriate
to ATK marker segment (see clause A.3.5).
1111 1111

© ISO/IEC 2021 - All rights reserved
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Table A.11 — SSO parameters, extended

M\é;lues (bIES)B SSO size (see Annex I)
0XXX XXXX XXXX XXXX SSO not used
I1XXX XXXX XXXX XXXX SSO used
Xx0XX XXXX XXXX XXXX TSSO not used for every tile in the image (shall be the same in every COD marker segment)
X1XX XXXX XXXX XXXX TSSO used for every tile in the image (shall be the same in every COD marker segment)
xX0X XXXX XXXX XXXX Vovlp =0 (shall be the same in every COD marker segment)
XX1X XXXX XXXX XXXX Vovlp = 1(shall be the same in every COD marker segment)
xXx0 XXXX XXXX XXXX Hovlp =0 (shall be the same in every COD marker segment)
xXx] XXXX XXXX XKXXX Hovlp = 1(shall be the same in every COD marker segment)
xXFx 0XXX XXXX XXXX TBDWT is not used (shall be the same in every COD marker segment)
x1gfx 1XXX XXXX XXXX TBDWT is used (shall be the same in every COD marker segment)
xxfx xxxx xxxx 0000 Cell width exponent value, XC = 2value
to
XXX XXXX xxxx 1111
xx3fx xxxx 0000 xxxx Cell height exponent value, YC = 2value
to
XXX xxxx 1111 xxxx
All other values reserved
Table A.11bis — SXcod parameter
M\S/glues (bItI_S)SB Cading style
reee rrer rerer rr00 No modifications to selective arithmetic.coder bypass mode.
reer reee rerr rr01 Selective arithmetic coder bypass modified to start from the 2nd significant bit-plane if bit 0
of SPcod/SPcoc set, as specified'in Annex P.
reee rreer reer rrl0 Selective arithmetic coder bypass modified to start from the 3rd significant bit-plane if bif 0
of SPcod/SPcoc set, as specified in Annex P.
reer reee rerr rrll Selective arithmetic eader bypass modified to start from the 4th significant bit-plane if bi{ 0
of SPcod/SPcoc sef))as specified in Annex P.
All other values-reserved.
A.2.4  Quantization (QCD, QCC), extended
If Rdiz indicates that the variable scalar quantization (see Annex C) capability is used, then the deadzone adjustmeént is
signglled in modified QCD and(QCC marker segments from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A. If|Rsiz
indidates that trellis coded quantization is used, then these values are also signalled via the extended QCD and RCC
marKer segments from Reéen)ITU-T T.800 | ISO/IEC 15444-1, Annex A. This shall only be used with irreversible
trangformations.
Tablg A.12 replaces’Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.28, and Table A.13 replaces Rec. ITU-T T.B0O |
ISO/JEC 15444-1)/Table A.30.

12
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Table A.12 — Quantization default values for the Sqcd, Sqcc, Sgpd, and Sqpc parameters, extended

Values (bits) - SPgxx
MSB  LSB Quantization style size (bits) SPQxx 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). 16 Rec. ITU-T T.800 | ISO/IEC
There are as many step sizes signalled as there are sub- 15444-1, Annex A
bands.
XX F3—0041 Variable-deadzeneand-seatarderived-fvaluessigratedfor 32 TFable-AL3
N LL sub-band only). Use Rec. ITU-T T.800 | ISO/IEC
15444-1, Equation E-5.
xx30 0100 Variable deadzone derived and scalar expounded (values 16 Table A.14 then<Table A.15
signalled for each sub-band). There are as many step sizes
signalled as there are sub-bands.
xxx0 0101 Variable deadzone and scalar expounded (values signalled 32 Table’A13
for each sub-band). There are as many step sizes signalled as
there are sub-bands.
xxx0 1001 Trellis coded quantization derived (values signalled for 16 Rec. ITU-T T.800) | ISO/IEC
N_LL sub-band only). Use Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A
15444-1, Equation E-5.
xx30 1010 Trellis coded quantization expounded (values signalled for 16 Rec. ITU-T T.800 | ISO/IC
each sub-band). There are as many step sizes signalled as 15444-1, Annex A
there are sub-bands.
000x xxxx Number of guard bits 0-7.
to
111x xxxx
All other values reserved.
Table A.13 — Quantization values (irreversible transformation only), extended
Values (bits) . - . |
MSB 1'sg Deadzone adjustment and quantization step size valups
0090 0000 0000 0000 xxxXX XXXX*®XXXX XXXX Variable deadzone, num_nzy, value —32 768-32 767
to (see Equation C-1)
1131 1111 1111 1111 XXXXe XXXX XXXX XXXX
XXIK XXXX XKXXX XXXX xxxx x000 0000 0000 Mantissa, p,, of the quantization step size value 0-2 047
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
XXER XXXX XXXX X¥EZRVPxxxx x111 1111 1111
XXIX XXXX xXXXx)Xxxx 0000 0xxx XXXX XXXX Exponent, gy, of the quantization step size value 0-31
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)
XXER XXXXAOXXKK xxxXX 1111 1xXX XXXX XXXX
Table A.14 — SPqcd, SPqcc, SPqpd, and SPqgpc parameters (irreversible transformation only), extended

Values (bits)

MSB

LSB

Deadzone adjustment values (one for each sub-band)

0000 0000 0000 0000

1111 1111 1111 1111

to

(see Equation C-1)

First two bytes of SPqcx are the deadzone adjustment, num_nz,, value —32 768-32 767

© ISO/IEC 2021 - All rights reserved
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Table A.15 - SPqcd, SPqcc, SPgpd, and SPqpc parameters (irreversible transformation only), extended

Values (bits)
MSB LSB

Quantization step size values

xxxx x000 0000 0000
to
xxxx x111 1111 1111

After first two bytes of SPqcx are the mantissa, p, of the quantization step size value 0-2 047

(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

0000 0xxXxX XXXX XXXX
to
1111 1xXXX XXXX XXXX

After first two bytes of SPqcx are the exponent, &, of the quantization step size value 0-31

(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-3)

A.2. Region of interest marker (RGN), extended
If Riz indicates that an arbitrary region of interest is used (see Annex L), then the description of a coefficientshift and a
masH are signalled in a modified RGN marker segment from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A, Table |A.16
replgces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.25. If there is RGN marker segment in the main.header with a
Srgn[= 0, there shall not be any RGN marker segment anywhere in the codestream with a non-zere, Stgn value fqr the
component given by the corresponding Crgn value. Likewise, if there is RGN marker segment in the'main header with a
non-gero Srgn value, there shall not be any RGN marker segment anywhere in the codestream, with a Srgn = 0 fqr the
compponent given by the corresponding Crgn value.
Wheh used in both the main header and the first tile-part header, the RGN in the first tile\part header overrides the nain
for that tile. Also, an RGN specifying a single component (Crgn = 65 535) overrides on specifying all compopents
(Crgp = 65 535). Thus, the order of precedence is the following:
Tile-part RGN (Crgn = 65 535) > Tile-part RGN (Crgn = 65 535) > Main RGN (Crgn = 65 535) >
Main RGN (Crgn = 65 535)
wherle the "greater than" sign, >, means that the greater overrides the Jesser marker segment.
Table A.16 — Region-of-interest parameter values for the Srgn parameter
Values ROI style (Srgn) SPrgn usage
0 Implicit ROl (maximumishift) Rec. ITU-T T.800 | ISO/IEC
15444-1, Table A.26
Avrbitrary regionof interest, rectangle Table A.18
Avrbitrary region of interest, ellipse Table A.18
All other values reserved
Table A.17 5 Component index parameter value for the Crgn parameter
Parameter Size (bits), Values Components index parameter
Corponent 16 0-16 383 Specifies component to which these region of interest descriptions appl
16 394-65 354 Reserved
65 535 Region of interest descriptions apply to all components
Table A.18 — Region-of-interest values from SPrgn parameter (Srgn = 1 or Srgn = 2)
Harameter Size (bits) Values Meaning of SPrgn parameter
Binary shift 8 0-255 Binary shifting of coefficients in the region of interest above the background.
XArgn (left) 32 0-(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 0-(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 0-(232 1) Horizontal reference grid point from the origin of the second point.
YBrgn (bottom) 32 0-(232-1) Vertical reference grid point from the origin of the second point.

A3 Extended marker segments

Table A.19 lists the markers specified in this Recommendation | International Standard.
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Table A.19 — List of markers and marker segments

Symbol Code Main header? ;IEI;Z?;}
Variable DC offset DCO OxFF70 optional optional
Visual masking VMS OxFF71 optional optional
Downsampling factor style DFS OxFF72 optional optional
Avrbitrary decomposition style ADS OxFF73 optional optional
Arbitrary transformation kernels ATK OxFF79 optional optional
Component bit depth CBD OxFF78 optional optional
Multiple component transformation definition MCT OXFE74 optional optional
Multiple component collection MCC OxFF75 optional optional
Multiple component transformation ordering MCO OxFF77 optional Optional
Non-linearity point transformation NLT OxFF76 optional optional
Qudntization default, precinct QPD OxFF5A optional optional
Qugntization component, precinct QPC OxFF5B optional optional
Preginct length, tile-part header RLT OxFF94 no optional

a)

"optional” means it may be used in the header if this extension is used. “no" means it shall never.be present in the header.

A3.

Fungtion: Describes the variable DC offset for every component.

| Variable DC offset (DCO)

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

and
any

a‘irst tile-part header of a given tile. Optional in both the main and tife-part headers. No more than one shall appd

ar in

eader. If present in the main header, it describes the variable DEoffset for every component in every tile. I present

in the first tile-part header of a given tile, it describes the variable RCroffset for every component in that tile only. When

used|in both the main header and the first tile-part header, the DCO In the first tile part header overrides the main fo

tile.

wherle the "greater than" sign, >, means that the greater-overrides the lesser marker segment.
Shal| not be used with the multiple component transform.

Length: Variable depending on the number of components. The syntax is depicted in Figure A.1.

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

1
e

DCO Ldco

Sdco
SPdco -
SPdco

T.801(21)_FA.1

Figure A.1 — Variable DC offset syntax

segment.

determined by the following equation:

3+ Csiz Sdco =0

Ldco = 34 2-Csiz Sdco =1
3+4+4-Csiz Sdco =2

3+8- Csiz Sdco =3

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

NOTE — If Ldco were to be larger than 65 535, then the DCO marker segment cannot be used. Instead, mu
component transformation functionality could be used.

Sdco:  Variable DC offset type definition.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)

that

DCQy" Marker code. Table A.20 shows the size and parameter values for coding style component mprker

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

(A-1)

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

image.
Table A.20 — Variable DC offset parameter values
Parameter Size (bits) Values
DCO 16 OXFF70
Ldco 16 5-32 770
Sdco 8 Table A.21
SPdco variable Table A.21

IEEE
using

fors

ford

N
e

A3.2

Fun

Usag
Opti

compponent shall appear in any._header. When used in both the main header and the first tile-part header, the VMS m

segn
a sin
prece

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

Values (bits) Offset type definition

MSB LSB
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

numbers as used in the Rec. ITU-T T.801 | ISO/IEC 15444-2 codeStream have to be written in big-endian ¢
the following bit-assignments for encoding the floating point numbers:

SEEE EEEE EMMM MMMM MMMM MMMM MMMM MMMM
ngle precision IEEE numbers, where S = sign bit, E = expaorent bits, M = mantissa bits
SEEE EEEE EEEE MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMM

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

OTE 2 — This encoding requires typically an endiansswap on little-endian machines, and is typically the native encoding fo
ndian machines.

Visual masking (VMS)
tion: Describes the visual masking, for all tile-components in the image or tile.

e: Present only if the visual ‘masking capability bit in the Rsiz parameter (see clause A.2.1) has the value
bnally used in the main and/or'the first tile-part header of a given tile. No more than one VMS marker segment

ent in the first tile part-header overrides the one in the main header for that tile. A VMS marker segment specif
gle component (Cvms = 65 535) overrides on specifying all components (Cvms = 65 535). Thus, the ord
dence is the fallewing:

Tile-past VMS (Cvms = 65 535) > Tile-part VMS (Cvms = 65 535) > Main VMS (Cvms # 65 53
Main VMS (Cvms = 65 535)

whe

e thex'greater than" sign, >, means that the greater overrides the lesser marker segment.

rder,

I big-

one.
for a
Brker
ying
er of

5) >

LengTn FiXed. The Syntax 1S depicted in Figure AZ.

16

VMS Lvms Cvms

Svms
Wvms
Rvms
Avms
Bvms

T.801(21)_FA.2

Figure A.2 — Visual masking syntax

VMS:  Marker code. Table A.22 shows the size and parameter values for coding style, default marker

segment.

Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserve
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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, o = Avms/128 (see E.6).

Bvms:  Value of the numerator of the 3 parameter, B = 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 Table A.24
Wvms 8 0-8
Rvms 8 0-255
Avms 8 0-255
Bvms 8 02255

Table A.23 — Component parameter value for therCvms parameter

Values Componentindex parameter
0-16 383 Specifies component to which-these region of interest descriptions apply
16 394-65 354 Reserved
65 535 Region of interest descriptions apply to all components

Table A.24 — Visual masking for the Svms parameters

,\\z.élges (tli';% Visual masking parameters
%000 0000 Minimum resolution level value, minlevel (0-32) (see E.6)
to
x001 0000
0XXX XXXX Variable respect_block_boundaries = 0 (see E.6)
1XXX XXX Variable respect_block_boundaries = 1 (see E.6)
All other values reserved

A.3.3  Downsampling factor styles (DFS)

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

Main

€;

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

Assighned-{o-a-component-ny antndexn-the- main-feager COD or COC ma

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

£ | @ (L
DFS Ldfs 2= “DO
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)
4

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

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

Brifs: String-defining-thenumber-of-decomposition-sub=tevels—Fhe-two-hit-etements-arepackec-ntopytes

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

Table A.25 — Downsampling factor styles parameter values

Parameter Size (bits) Values
DFS 16 OxFF72
Ldfs 16 5-65 535
Sdfs 16 0:15
Idfs 8 0-255
Ddfs variable String of elements

A.3.4  Arbitrary decomposition styles (ADS)

Fungtion: Describes the arbitrary decomposition pattern for a tile-component or all tile-components within a single|tile.

Usage: Present only if the custom decomposition style capability bit in the Rsiz parameter (see clause A.2.1) is 4 one
valug. Shall not be used to describe the decomposition describechin Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex F. Main
and first tile-part header of a given tile. There may be up to 127 such marker segments with unique index values. [If an
index value is found in a tile-part header, then it is used dnstead of an ADS marker segment in the main header with the

samq index value.
segments found only in a specific tile-part header.

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

These are assigned to a particulartile-component via the parameter in the COD or COC marker

@ Y . w
2] -3 =] = -3
ADS Lads | 3| E V& 2 V&
ale a2 ]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 gtyle,
default marker segment.

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

Lads — 5 + lanaS+lbaaSJ (A'B)
4

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

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

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

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

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

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

18 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved
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Table A.26 — Arbitrary decomposition styles parameter values

Parameter Size (bits) Values
ADS 16 OxFF73
Lads 16 3-65 535
Sads 8 1-127
I10ads 8 0-255

DOads variable String of elements
I1Sads 8 0-255
DSads variable String of elements

A3%

Fun

Usage: Present only if the arbitrary transformation kernel capability bit in the Rsiz parameter (see clause A.2.1) is

valug

Arbitrary transformation kernels (ATK)

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

L One

. Main and first tile-part header of a given tile. May be up to 254 marker segments in any header,A marker segment

in the tile-part header with the same index as one in the main header overrides the main headerimarker segment. Table

A.27 describes the arbitrary transformation parameter values.
Length: Variable. The syntax is depicted in Figure A.5.
A e - A PN P B R T LR 1%
ANK Latk Satk | 38V E)E| SR = SV EVE] BV = =
ﬂ GHEEEEE B EEEEE
‘ T.801(2])_FA.5
Figure A.5 — Arbitrary transformation default syntax
ATK:  Marker code. Figure A.5 shows the sizeCand values of the symbol and parameters for arbitrary
transformation marker segment.
Latk:  Length of marker segment in bytes“(not including the marker). The value of this parameter is
determined by the following equation:
Natk—1
5+ 2Natk + sizeof (Coeff_ Typ)| &+ Z LCatk® WT_Typ = IRR, Filt_Cat = ARB
s=0
Natk—1
5+ Natk + sizeof (Coeff_(Typ)| 1+ »_ LCatk® WT _Typ = IRR, Filt_Cat =WS
Lat{ = s=0 A4)

5+ 3Natk + sizeof(Coeff _Typ)(Natk + Z LCatkS] WT_Typ =REV, Filt_Cat = ARB

5+ 2Natk % sizeof (Coeff_Typ)[Natk + Z LCatkSJ WT_Typ = REV, Filt_ Cat =WS

Natk-1

s=0
Natk—1

s=0

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

type

© ISO/IEC 2021 - All rights reserved

Satk:

Katk:
Natk:
Oatks:

Eatks:

Coeff _Tun
— I

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, m;y;.

The scaling factor, K. Present for irreversible transformation only, WT_Typ = IRR.
Number of lifting steps, Nis.

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

The base two scaling exponent for lifting step s, 5. Present only with reversible transformation,
WT_Typ =REV. The index, s, ranges from s = 0 to Natk — 1.

Rec. ITU-T T.801 (06/2021) 19
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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 Aatk. The index,
s, ranges from s = 0 to Natk — 1.

Aatksk:  The kth lifting coefficient for the lifting step s, ay. 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
AHC 16 79
Latk 16 9-65 535
Satk 16 Table A.28
Katk 0 WT_Typ = REV
8 WT_Typ = IRR, Coeff Typ=0
16 WT_Typ = IRR, Coeff Typ=1
32 WT_Typ = IRR, Coeff_Typ =2
64 WT_Typ = IRR, Coeff_Typ =13
128 WT_Typ = IRR, Coeff_Typ=4
Natk 8 0-255
Oatk® 0 Filt_Cat=WS
8 —128-127; Filt_Cat= ARB
Eatk® 0 WT_Typ = IRR
8 0-255; WT ‘Typ = REV
Batk® 0 WT_Typ = IRR
8 Coéff Typ=0
16 Coeff_Typ=1
32 Coeff Typ =2
64 Coeff_Typ=3
128 Coeff_Typ=4
LCatks 8 0-255
Aatksk 8 Coeff Typ=0
16 Coeff Typ=1
32 Coeff_Typ=2
64 Coeff_ Typ=3
128 Coeff_Typ=4
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Table A.28 — Arbitrary transformation values for the Satk parameter

Values (bits)

rxxx xxxx 1111 1111

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 (2-255)
to

[a¥a¥al

rx PGI ﬂIIICtCIJ 8 blt J;HI ICd ;IItCBCI, CUCfI‘_Ty'J = C
rxyx X001 XXXX XXXX Parameters 16-bit signed integer, Coeff_Typ =1
rxjyx x010 XXXX XXXX Parameters 32-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ =2
rxyx X011 XXXX XXXX Parameters 64-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ =3
rxgx x100 Xxxx XXXX Parameters 128-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ £4
rryfx 0XXX XXXX XXXX Avrbitrary filters, Filt_Cat = ARB
rlgfx 1XXX XXXX XXXX WS filters, Filt_Cat = WS
rxd0 XXXX XXXX XXXX Irreversible filter, WT_Typ = IRR
rxdl XXXX XXXX XXXX Reversible filter, WT_Typ = REV
rx(x XXXX XXXX XXXX Modify even-indexed subsequence in first reconstruction step,Mjnit = 0
rxlx XXX XRXK XAKX Modify odd-indexed subsequence in first reconstruction step, mj,;; = 1
r0fx 0xXXx XXXX XXXX Boundary extension method used in lifting steps is constant, Exten = CON
rlfx XXXX XXXX XXXX Boundary extension method used in lifting steps isywhole-sample symmetric, Exten = WS
All other values reserved
A3.6  Component bit depth definition (CBD)
Fungtion: Defines the bit depth of reconstructed image .caemponents coming out of any multiple compgnent

trang

Usag
one
used

The
imag

Leng
inFi

formation process.

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

bresence of a CBD marker segment in a:codestream alters the procedures used to determine the precision of o
e components and the interpretation of the SIZ marker. See Annex J for further details.

th: Variable depending on the number of reconstructed image component bit depths signalled. The syntax is dep
jure A.6.

1

‘BDebd'

CBD Lebd

Ncbd
“BDcbd" -

T.801(21)_FA.6

Figure A.6 — Component bit depth definition syntax

€BD:  Marker code. Table A.29 shows the size and parameter values for component bit depth defin

isa
5 are

itput

icted

ition

svitax
Y -

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

determined by the following equation:

Lmet = {4 + Ncbd Ncbd = 1XXXXXXXXXXXXXXX

5 Ncbd = 1XXXXXXXXXXXXXXX (A-5)

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

Nchd parameter.

BDchdi: Bit depth and sign of the reconstructed image components in the order in which they are created as
determined by the MCC and MCO marker segments. Either one value is signalled for all components

(see Table A.30) or an individual bit depth is given for each component.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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Table A.29 —Component bit depth definition parameter values

Parameter Size (bits) Values
CBD 16 OxFF78
Lchd 16 5-16 388
Nchd 16 Table A.30

BDcbd' 8 Table A.31

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

Values (bits) N . L L .
MSB LSB INUTTTOET OT TELUTIUTUL ey Tifaye CUIMTTPUTIETTU UTUUCPLUTIS T THATKET
%040 0000 0000 0001 Number of reconstructed image components (1-16 384)
to
x1Q0 0000 0000 0000
0XfX XXXX XXXX XXXX Bit depths included, one per reconstructed image component
1xfxX XXXX XXXX XXXX One bit depth included, applies to all reconstructed image components
All other values reserved
Table A.31 — Component bit depth definition values for the BDcbd" parameter
Values (bits) . .
MSB LSB Reconstructed image component bit depths
x000 0000 Component sample bit depth = value + 1. Frem,1 bit deep through 38 bits deep respectively.
to
x010 0101
0XXX XXXX Component sample values are unsigned values
1xxXX XXXX Component sample values are sighed values
All other values reserved
A3  Multiple component transformation definition (MCT)

Fun

defirjed in this marker distinguishes it from™other MCT marker segments in a given header. This array can be assign

a col

Usag

one
head

identical.

A se
appe
To 4
asso
inde
exist

tion: Defines one multiple component transformation array per marker segment. The type and index of the

lection of components within the MEC marker segment.

e: Present only if the multipleccomponent transformation capability bit in the Rsiz parameter (see clause A.2.1
alue. Main and first tile-part header of a given tile. An MCT marker segment in a tile-part header overrides a
br MCT segment for that-tile if and only if the ten low-order bits of the Imct fields of both marker segment

ies of MCT marker-segments (defined as having the same Imct value in the same header and a Ymct > 0) sh3
Bbr in the same ieader in order of (consecutive) Zmct parameter values.

pply the transformation array included in an MCT marker segment, an MCC marker segment shall exist
iates the-MCT marker segment with a component collection. This association is made through the array defir]

of4he MCT marker segment and the Tmcc! fields of MCC marker segments. If no such MCC marker seg

hrray
pd to

isa
main
5 are

Il all

that

ition
ment

5,(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.

22

MCT Lmct Zmct Imet |, Yﬁdt‘ -S]J"métj, SPrﬁ‘ctn )

T:BDW (21 );FA.?
Figure A.7 — Multiple component transformation definition syntax

MCT:
definition marker segment.

Rec. ITU-T T.801 (06/2021)

Marker code. Table A.32 shows the size and parameter values for multiple component transformation
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Lmct:
Zmct:

Imct:

Ymct:
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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.

Index of the last number of MCT marker segment in the series. For every series of MCT marker
segments (i.e., MCT marker segments in this header with the same Imct parameter value), there shall

SPmct':

De MITT marker Segment with Zmct parameter values of U to Ymct. The last MCT marker segment
will have Zmct = Ymct. This value is present only in the first marker segment in the series (Zmct|= 0).

Parameters for the multiple component transformation definition. One parameter valug”for [each
element in the array. See J.2 to determine the number of array elements and their order in the mprker
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 comporients to whicH| it is
assigned.

Table A.32 — Multiple component transformation definition parameter values

Parameter Size (bits) Values
MCT 16 OxFF74
Lmct 16 6-65 535
Zmct 16 0-65 535
Imct 16 Table A.33
Ymct 0 If Zmct >0
16 0-65 535
SPmctl variable Variable, Array of types as
indicated in Table A.33

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

Values (bits)

Index of the array definition, type and parameter type

MSB LSB

rrir xxxx 0000 0001 Indexof the array definition, 1-255
to

rrir xxxx 1111 1111
rrfr xx00 XXXX XXXX Dependency transformation array type
rrfr xx01 xxxx xX%x% Decorrelation transformation array type
rrfr xx10 XXXXYRRXX Offset array type
rrfr 00xXx XXXX XXXX Array elements are 16 bit signed integers
rrfr 01xx \X®xx XXXX Array elements are 32 bit signed integers
rrfr LOXR XXXX XXXX Array elements are 32-bit binary floating point (ISO/IEC/IEEE 60559)
rrfriAlxx XXXX XXXX Array elements are 64-bit binary floating point (ISO/IEC/IEEE 60559)

All other values reserved

A38

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

mcc
« i
AMmcc
1
im
i

Zmcece Ymee |~ Qmee Nmec' Mmcc

Tmcci Omce -

Wmce
Wmee -

('mcc
mee-

MCC:

Lmcc:
Zmcc:

Imcc:

Ymcc:

Qmcec:

Xmecci:

Nmcci:

Cmccl:

Mmcc':

n
nj

. nm
nj
nm

n
Nmcc Mmce

“Xmce. -

n \ ! . “n
Tmce % Omce

~Cimee -
Cmce
Wmcc .
Wmcce

T.801(2])_FA.8

Figure A.8 — Multiple component collection syntax

Marker code. Table A.34 shows the size and parameter values for\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 ip the
series have the same Imcc parameter value present in_this header. The data in each subsequent MCC
marker segment shall be appended, in order, to make one stream of the other parameters. The Ymcc
and Qmcc parameter appears only in the first marker'segment (Zmcc = 0).

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

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

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

Indicates type of\multiple component transform used for the ith component collection (wavelet or
array-based decofrelation or array-based dependency). Defines the interpretation applied to Tm¢c.

Indicatesthe humber of input components for the ith component collection and defines the numier of
bits (8.01/16) used to represent the component indices in ith collection.

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

Indicates the number of output intermediate components for the ith component collection and defines
the number of bits (8 or 16) used to represent the component indices in ith collection. If anything

24

Wmccl:

Tmcc':

Otrer tal af array-pdsed ITTEvVersibie decorretation transformT 1S USed;, VITTCC Sttt equal NTmcc’.

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
decomposition levels for the ith component collection (only the dyadic decomposition of Rec. ITU-
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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. Tmcci also contains the index of an MCT marker segment that contains component additive
offsets.

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

Table A.34 — Multiple component collection parameter values

Parameter Size (bits) Values
MCC 16 OXFF75
Lmcc 16 5-65 535
Zmcc 16 0-65 535
Imcc 8 0-255
Ymcc 0 If Zmecc>0

16 0-65 535
Qmcc 0 If Zmcc >0

16 0-16 388
Xmecl 8 Table\A35
Nmccl 16 Table A.36
Cmccll 8 0-255

16 0-16 383
Mmecc! 16 Table A.37
Wmccll 8 0-255

16 0-16 383
Tmec! 24 Table A.38 or Table A.39
Omcc! 32 0-4 294 967 295

Table A.35 — Multiple component'¢ollection values for the Xmcci parameter

Values (bits)

; i
MSB  LSB Coding style Tmcc' parametef
rrfr rr00 Component collectionitransform is array-based dependency transform Table A.38
rrfr rr0l Component collection transform is array-based decorrelation transform Table A.38
rrfr rrll Component collection transform is wavelet-based transform Table A.39

All other valuesteserved

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

MSL;,/aIueS (bltS)LSB Coding style
OxXfX XXXXN\REKX XKXX Input component collection indices (Cmcc') are 8 bit integers
) Input component collection indices (Cmcc') are 16 bit integers
IXEXAXKXK XXXX XXXX
x0@00=0000 0000 0001 Number of inpuf r‘nmlr_\nnnnfc n-ith r‘nmlr_mnnnf collection (1 =16 QRA)
to
x100 0000 0000 0000

Table A.37 — Multiple component collection values for the Mmcci parameter

Values (bits)

MSB LSB Coding style
0XXX XXXX XXXX XXXX Output component collection indices (Wmccl) are 8 bit integers
to Output component collection indices (Wmcc') are 16 bit integers

IXXX XXXX XXXX XXXX
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x000 0000 0000 0001 Number of output components in ith component collection (1-16 384)
to
%100 0000 0000 0000
Table A.38 — Multiple component collection values for the Tmcci parameter (array-based)
Values (bits) .
MSB LSB Coding style
rrrr rrrx xxxx xxxx 0000 0000 No assigned transform array (NULL array)
rrrr rrrx xxxx xxxx 0000 0001 Decorrelation or dependency transform array index
to
YryrITT g s i o
rrfr rrrx 0000 0000 xXXX XXXX No assigned offset array (NULL array)
rrfr rrrx 0000 0001 xXxXx XXXX Offset array index
to
rrir rrrx 1111 1111 XXXX XXXX
rrfr rrr0 XXXX XXXX XXXX XXXX Decorrelation or dependency transform is irreversible
rrfr rrrl XxXX 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) .
MSB LSB Coding style
XXFX XxXX Xxxx xxxx 0000 0000 Rec. ITU-T T.800 | ISO/IEC/15444-1 9-7 irreversible filter
xXXFx XxxX xxxXx xxxx 0000 0001 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible filter
XXEX XXXX XXXx xxxx 0000 0010 Index of the ATK marker segment containing the wavelet kernel for
to component collection
XXX XXXX XXXX xxxx 1111 1111
xxfx xxxx 0000 0000 xxxXX XXXX Index of MCT ‘marker segment containing additive offsets for component
xxgx xxxx 1111 1111 XXXX XXXX collection
xx(0 0000 xXXXX XXXX XXXX XXXX Number\of-dyadic wavelet decomposition levels used in the component
xx]0 0000 XXXX XXXX XXXX XXXX collection (0-32)
All other values reserved
A.3.9  Multiple component transform’ordering (MCO)
Fungtion: Describes the order in which.multiple component transforms are applied during inverse multiple compgnent
trangform processing.
Usage: Present only if the multiple’component transformation capability bit in the Rsiz parameter (see clause A.2.1)) is a
one yalue. At most one MCQ:marker segment in main and first tile-part header of a given tile. If used in the main hepder,
this inarker segment definesthe default ordering of multiple component transform stages for all tiles. If used in thq first
tile-gart header, then¢the-component transform order established by the MCO marker segment overrides any dgfault
ordefing defined by.a-main header MCO marker segment.
Length: Variabledepending on the number of multiple component transform stages used. The syntax is depicted in Fjgure
A9,
o L g
MCO Lmco g |2 9
z |/ E £
T.801(21)_FA.9
Figure A.9 — Multiple component transform ordering syntax
MCO: Marker code. Table A.40 shows the size and parameter values for the multiple component transform
ordering marker segment.
Lmco: Length of marker segment in bytes (not including the marker). The length is given by the following
expression:
Lmco = 3 + Nmco (A-6)
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A3.
Fungtion: Describes either a gamma or LUT non-linearity to be applied to a single component,or-all components.

Usage: Present only if the non-linearity point transformation capability bit in the Rsiz parameter (see clause A.2.1

one

plus pne default in any header.

Wh

as a @efault for a single component. When used in a tile-part header, it can be usedyto establish a default for all compo
in the tile or to set the non-linearity transformation for a single componenttin that tile. Thus, the order of preceder

the

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

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

ISO/IEC 15444-2:202

1 (E)

Nmco: Number of multiple component transform stages specified for inverse transform processing. If

Nmco = 0, then no multiple component transform processing is used for the current tile and no |
parameters shall appear. Otherwise, Nmco specifies the number of MCC marker segment ident
that will follow.

mco!
ifiers

Imco:  Index of the MCC marker segment containing the component collection information for the i inverse

multiple component transform stage (see clause A.3.8).

Table A.40 — Multiple component intermediate collection parameter values

Parameter Size (bits) Values
MCO 16 OXFF77
Lmco 16 3-258
Nmco 8 0-255
Imco! 8 0-255

|0 Non-linearity point transformation (NLT)

alue. Main and first tile-part header of a given tile. There may be no more than one\marker segment per compq

eh used in the main header, the defined non-linearity can be established as a default for all components or establ

fpllowing:
Tile-part NLT > Tile-part NLT default > Main NLT > Maint!NLT default

NLT Liiif cnlt | & E SThlt’
m 1999944
T.801(21)_FA.10

Figure:Ax10 — Non-linearity point transformation syntax

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

Lnlt: Length\of marker segment in bytes (not including the marker). The value of this paramet
determined by the following equation:

0 Tnlt = 0 or Tnlt = 3
Lnlt = 6 + 15 Tnlt =1 '
11+ (Npoints- leTval) Tnlt = 2

is a
nent

shed
hents
ce is

arity

er is

A-7)

1 PTval € [1,8]
Wroa =42 PTval € [9,16]
4 PTval € [17,32]

NOTE — Specifying a non linearity transform with Tnlt = 0 allows a transformation to be explicitly disabled.
Cnit: The index of the component to which this marker segment relates. The components are indexed

07 11

2, etc. If this value is 65 535, then this marker segment applies to all components. Table A.42 shows

the value for the Cnlt parameter.
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BDnlt:  Bitdepth and sign of the decoded image component, Z;, after processing of the ith reconstructed image
component by the non-linearity. If Cnlt = 65535, then this value applies to all components. Table A.43

Tnlt:
STnlt:

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

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

Table A.41 — Non-linearity transformation parameter values

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

BDnit 8 Table A.43
Tnlt 8 Table A.44
STnlt variable Table A.44

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

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

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

Values (bits)

1SB LSB Decoded.imiage component bit depth

x0Q0 0000
to
x0310 0101

Oxx XXXX

Component sample bit depth = value +:3From 1 bit deep through 38 bits deep respectively.

Component sample values are-unsigned values

1Xfx XXXX Component sample valuesare signed values

All other values reserved

Table A.44 — N@nslinearity transformation parameter values of the Tnlt parameter

M\/SII_%ues (bll_tgé Meaning of Tnlt values STnlt usage]
00¢0 0000 o non-linearity transformation applied -
0090 0001 Gamma-style non-linearity transformation Table A.45
0040 0010 LUT-style non-linearity transformation Table A.46
0000 QO™ Binary Complement to Sign Magnitude Conversion -

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

Parameter Size .
(in order) (bits) Values Meaning of STnlt values
E 24 0, ..., 65535 Non-linearity exponent (8-bit integer + 16-bit fraction
(0, ... 255) 4 Qo2 65535} 'y exponent (8-bit integ )
65 535
S 24 0, ..., 65535} | Non-linearity toe slope (8-bit integer + 16-bit fraction
o ..., 255} 4 Qo 65535} ty toe slope (8-bit nteg )
65 535
T 24 {0, ..., 65535} | Non-linearity threshold (8-bit integer + 16-bit fraction)
{0, ..., 255} + ———
65 535
A 24 {0, ..., 65 535} | Non-linearity continuity parameter A (8-bit integer + 16-bit
{0, sae 255} + fraction)
[SRESR) rreoteny
B 24 {0, ..., 65535} | Non-linearity continuity parameter B (8-bit integer + 16;bit
{0, ..., 255} + 65 535 fraction)

NO
wel

TE — E, S, and A parameters shall not be zero as the non linearity transformation defined by formula (K-2) is otherwise not
-defined.

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

Pa

(im order)

ameters Size (bits) Values Meaning of SThlt values

N

oints 16 1-8191 (Number of points — 1) in the LUT-style non-linearity definition (al
p
other values reserved)

Dmin 32 0-(232-1) Dmin = parameter valug’/ (232-1)

PDmax 32 1-(232-1) Dmax = parameter yalug 7 (232-1)

PTval 8 0000 0001 Precision of Tvalue‘parameter in bits (1-32). This also implies how
to many bytes are used to express the Tvalue (all other values reserved

0010 0000

Tvalue 8, PTval <8; variable Run of*table values for the LUT-style non-linearity. The (Npoints +

16,9 <PTval <16 parameters are unsigned integers. The actual value of Tvalue is
32, PTval > 16 Talue = parameter value / (2PTval— 1)

A3

Fun
prec
mark
level

Usag
each
by e

with|n the scope of the particular tile. Thus, the quantization characteristics of a particular resolution level, precinc

is de

Whe
resol

|1 Quantization default, precinct (QPD)

tion: Describes the quantization default. Gsed for compressing all components of a particular resolution leve
nct. The parameter values can be ovefridden for an individual component, resolution level, and precinct by a
er segment which, if present, shall appear in a tile-part header prior to any packets for that component, resol
and precinct.

e: Main and any tile-part header. Several QPD marker segments may appear in any tile-part header, but only or
resolution level and precingt: If a QPD is used in a tile-part header it overrides the quantization characteristics de
ther QCD or QCC marker segments for all components of the resolution level and precinct indexed by the

ermined by the-presence of QCD, QCC, QPD or QPC markers in the following order of precedence:

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

N QRD¢marker segments are used, they shall appear in tile-part headers before any packets are found for the ind

and
QPC
ition

e for
fined
QPD
pair

exed

ution level and precinct.

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

QPD | Lapd | ' 1'F} & | SPqpd | | SPapd
. T801(21)_FA1

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

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

5 4+ num_subbands_lev no_quant AND PLgpd < 128
7 quant_derived AND PLgpd < 128
Lavd = 5+ 2 - num_subbands_lev quant_expounded AND PLqpd < 128 (A-8)
ap 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 num_sub-bands_lev can be derived from clause F.2.4 for each resolution level and whethef this
marker segment has no_quant, quant_derived, and quant_expounded is signalled in~thé Bgpd
parameter.
NOTE — The Lgcd can be used to determine how many quantization step sizes are present in the marker segment."However, [there

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

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

lev prec < 256

PLqpd = {128 +lev prec = 256 A9)

The resolution level index, lev, can range from 0 to Ng¢where N is the number of decompogition
levels defined in Rec. ITU-T T.800 | ISO/IEC 154441, clause A.6.1.

PPqpd: The precinct index for the quantization values sighalled. The size of this marker segment parameter
will be one byte when the PLgpd parameter is.less than 128, but two bytes when PLgpd is greater
than or equal to 128. This parameter will thémjust hold the precinct index, prec. The precinct index,
prec, can range from 0 to numprecincts.—1, where numprecincts is the number of precindts at
resolution level lev and is also defined-int Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.6.

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

SPgpd: Quantization step size value forthe ith sub-band at the resolution level, lev, in the order definegd for
lev in F.2.4. The number ofparameters is at least as large as the number of sub-bands in thq tile-
component with the greatest number of sub-bands at resolution level, lev.

Table A=47— Quantization default, precinct parameter values

Parameter Size (bits) Values
QPD 16 OxFF5A
Lgpd 16 6-101
PLgpd 16 0-32 or
128-160
PPgpd 8 0-255, PLgpd < 128
16 0-65 535, PLgpd > 128
Sqpd 8 Table A.12
SPgpd variable Table-AL2

A.3.12 Quantization precinct component (QPC)
Function: Describes the quantization used for compressing a particular component, resolution level, and precinct.

Usage: Main and any tile-part header. Several QPC marker segments may appear in any tile-part header, but only one for
each component, resolution level, and precinct. If a QPC is used in a tile-part header it overrides the quantization
characteristics defined by QCD, QCC, or QPD marker segments for the triplet indexed by the QPC within the scope of
the particular tile. Thus, the quantization characteristics of a particular component, resolution level, and precinct 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 >
Main QPC > Main QPD > Main QCC > Main QCD
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When QPC marker segments are used, they shall appear in tile-part headers before any packets are found for the indexed
component, 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.12.

QPC Lgpc

Cqpe
PLgpc
PPqgpc

Sqpe

SPqpciﬂ ,SPqpcn,

T.801(21)_FA.12

Figure A.12 — Quantization precinct component syntax

QPC:

Lgpc:

Lgpc =

Cgpc:

PLgpc:

PPqgpc:

Marker code. Table 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 thi$ parameter is
determined by the following equation:

6+ num_subbdands_lev no_quant AND Csiz < 257 AND Plgpc <128

8 quant_der ived AND Csiz <257 AND Plgpc<128
6+ 2-num_subbdands_lev quant_expo unded AND Csiz < 257 AND-Plgpc <128
7+ num_subbdands_lev no_guant AND Csiz > 257 AND Plgpc<128

9 quant_derived AND Csiz > 257AND Plgpc <128
7+2-num_subbdands_lev quant_expo unded AND Csiz.>257 AND Plgpc <128 (A110)
7+num_subbdands_lev  no_quant AND Csiz <257 AND Plgpc >128

9 quant_derived AND GCsiz < 257 AND Plgpc >128
7+2-num_subbdands_lev quant_expo unded AND” Csiz <257 AND Plgpc >128
8+ num_subbdands_lev no_quant AND Csiz > 257 AND Plgpc >128

10 quant_derived_AND Csiz > 257 AND Plgpc >128
8+ 2-num_subbdands_lev quant_expowurided AND Csiz > 257 AND Plgpc >128

where num_sub-bands_lev can be deriyed from clause F.2.4 for each resolution level and whethef this
marker segment has no_quant, guant derived, and quant_expounded is signalled in the [Sqpc
parameter.

NOTE — The Lqgpc can be used to determine how many step sizes are present in the marker segment. However, there |s not
necessarily a correspondence with the number-6f’sub-bands present because the sub-bands can be truncated with no requirgment
tg correct this marker segment.

The index of the camponent to which this marker segment relates. The components are indexed|0, 1,
2, etc. (Either 8-0r\16 bits depending on Csiz value.)

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

lev prec < 256

Plapd = {128 +lev prec = 256 (A-11)

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

The precinct index for the quantization values signalled. The size of this marker segment parameter

wiall bha ano hyvdaovahan tha DI ane navamatar 1o lncc than 1929 hit fhaun b tnacaihon DI Aane 1o arnatng than
T T Vet Tt T YV TICTTT

Sqgpc:
SPgpc:

vvvvv ot Ty TCVvTICT T T P T Para ic e o e oot T 207 TUt Vv ooy te o v Tt YTt greatet

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.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 lev in clause
F.2.4. The number of parameters is at least as large as the number of sub-bands in the relevant tile-
component with the greatest number of sub-bands at resolution level, lev.
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Table A.48 — Quantization precinct component parameter values

Parameter Size (bits) Values
QPC 16 OxFF5B
Lgpc 16 5-199
Capc 8 0-255; if Csiz < 257
16 0-16 383; Csiz > 257
PLgpc 16 0-32 or
128-160
PPgpc 8 0-255, PLgpd <128
16 0-65 535, PLqpd > 128
Son Q Tabla A 192
Serpe 8 FableAL2
SPgpc variable Table A.12
A.3.13 Extended capabilities (CAP)
Tablg A.49 defines values for the Ccap? field.
Table A.49 — Ccap? syntax and semantics
Values (bits)
MSB LSB Part parameter
XXX XXXX XXXX XXXX Block coder extensions may he present, as defined in COD or COC
marker segments
All other values resepved
A.3.14 Precinct length, tile-part header (RLT)
Fungtion: Provides a means to discover the locations of precinetswithin the tile-part, for progression orders in whigh the
packets of each precinct appear contiguously.
Therp may be zero or more RLT marker segments in a:tile, serving collectively to provide the lengths of all precingts in

the t{le. RLT marker segments may appear in multiple tile-part headers of the tile, so long as the precincts whose lemgths

they

N
S|

All F
With

of precincts from the tile, in sequential order, including all bytes of the precinct's packets, including any SOP m

segn

The
marK

Usag
head
level

Leng

provide appear in the same or a later tile-part*header.

OTE - if any RLT marker segment appears-inatile, then the first tile-part header for the tile contains at least one RLT m
gment.

LT marker segments within a tilespart header shall appear contiguously.

ents and/or EPH markers that may be found with the precinct's packets.

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

brs for the.tile, nor shall the progression order for Spcod, Spcoc and Ppoc parameters of the tile be "Layer-resol
-component-position progression” or "Resolution level-layer-component-position progression”.

tho\Variable. The syntax is depicted in Figure A.13.

arker

the possible exception of the.first RLT marker segment within a tile-part, RLT marker segments provide the lepgths

hrker

RLT

e: May appear in a tile-part header. If present, neither PPM nor PPH marker segments shall be used to contain packet

ition

32

\ RLT ‘ Lilt ‘ St | Tt |

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 Jrit' values, as defined in Table A.51. This field is encoded as a big-endian

unsigned integer.
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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 OxFF94
Lrlt 16 8-65534
Srlt 32 Table A.51
Jriti 16 or 32 0-OxFFFFFFFF
Table A.51 — Srlt values and semantics
VS arllj e Semantics
[0, 231 — 1] Total number of bytes in all subsequent RLT marker segments in the tile-part.”Fhe (i + 1)"
subsequent RLT marker segment in the tile-part is described by Jrlt' as specified in Table
A.52. Each Jrlt' is a 16-bit value.
231 16-bit unsigned Jrit' values, providing precinct lengths
281 +1 32-bit unsigned Jrlt' values, providing precinct lengths

Table A.52 — Semantics of Jrlt' values when Srlt is in thé.range [0, 2% — 1]

Jrlt value Interpretation
Even Subsequent RLT marker segment has [Jrlti/ 2J 16-bit precinct lengths
Odd Subsequent RLT marker segment has [Jrlti/zj 32-Dit precinct lengths

© ISO/IEC 2021 - All rights reserved
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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[annex specifies variable DC offset that converts the signed values resulting from the decoding process to the'p
recomstructed samples. It can be applied to with both signed and unsigned component data.

oper

Variable DC offset flow

DC ¢ffset occurs external to any component transformations, i.e., prior to component transformations during encqding
and pfter component transformations during decoding. Figure B.1 shows the flow of DC offset’in the system wjith a
mult|ple component transformation from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex G.

B.1

reconstrycted

sample

Forward
DC offset

Forward
component
transform

——

Forward
wavelet
transform

coding

Inverse
wavelet
transform

—»

Inyerse
component
transform

—»

Inverse
DC offset

sample

T.801(21)_FB.1

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

Figure B.2 shows the flow of DC offset in the system without a multiple component transformation from [Rec.
ITU4T T.800 | ISO/IEC 15444-1, Annex G.
reconstrugted
sanfple | Forward . Forward . Inverse .| Inverse sample
| DC offset > waveldt 7 coding | wavelet DC offset
tradsform transform
T.801(21)_FB.2
Figure B.2 — Placement of the DC offset without multiple component transformation

B.2 Inverse DC offset
If thg DCO marker segment’is present in the main or tile-part header (see clause A.3.1), then the DC offset, O;, is spedified

by that marker. All_.samples of a given component are offset by adding the same quantity to each sample as follows

Ir(x,y)=1(x,y)+0i B-l)

If no|DE€O'marker segment is present, then the DC offset is performed as described in Rec. ITU-T T.800 | ISO/IEC 15444-

1A
NOTE - If 1" is not of the same precision or dynamic range as the output data it may be rounded to the closest precision and clipped
in bounds.

navx G

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:

Forward DC offset (informative)

0, = 2557’ (B-2)

© ISO/IEC 2021 - All rights reserved
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where Ssiz! 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 (O; = 0). Any other value shall be signalled in a DCO marker segment

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) = [’(xly)_oi (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, Oj, 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 performarice.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 S1Z marker segment parameter Rsiz (see clause A.2.1).
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Anngx E, to allow deadzones of variable width (up to four times the step size). Variable scalar quantization shall ‘on
used|with irreversible filters.

C1

Variable scalar quantization

All terminology and variables described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E, remain.the same for var
scalgr quantization. An additional parameter nzy, is used to convey the adjusted deadzone size. The adjusted deadzong

is 2(1-nzp)Ap. When nz = 0 this is equivalent to the scalar quantizer in Rec. ITU-T T.800.|\ISO/IEC 15444-1, Ann
with|a deadzone of twice the stated step size. When nz, > 0 then the deadzone is smaller; and when nz, < 0 the
deadpone is larger. The value of nz, shall lie in the range [-1, 1)b.

Wheh nz = 0 for all sub-bands, there is no need to transmit adjusted deadzone factors. However, if nz, = 0 for at leas

sub-lp
first

and, then extended QCD, QCC, QPD, and/or QPC marker segments shall appear in either the main header d
ile-part header of a given tile (see clause A.2.4). The value nzy is represented as:
nz, = —““‘;;:Zb

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

and explicitly, or else signalled only for the LL subsband. The former is known as expounded deadzone adjust

sub-lr
and the latter is known as derived deadzone adjustment. In the latter case, all the deadzone adjustment factors nz

deried implicitly from the single deadzone adjustmient factor nzg corresponding to the LL band, according to:

C.2

For ¢

nz, = nz,

Variable scalar dequantization for irreversible filters
eneralized scalar dequaritization with irreversible filters the reconstructed values are computed as:
(qb(u, v) + r2Mp-N@wv) _ nzh)Ab gp(u,v) >0

Ragw(u, v) = (g, (w,v) — r2Ms=Ne») _nz )4, qp(u,v) <0
0 Qb(u' ‘U) =0

whertle nzg is'the transmitted deadzone adjustment factor from the extended QCD, QCC, QPD, QPC marker segment
all ofherparameters are as described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E. If there is no extended ¢

4-1,
y be

iable
size
bX E,
h the

t one
r the

c-1)

each
ment
p are

C-2)

C-3)

5 and
CD,

QCCQPD, QJPD Marker Segment appiicable 10 a COmpONent I the codestream, then Nz, = 0 Tor att sub-bands. Whe
= 0 this formula is identical to the scalar dequantization used with irreversible filters in Rec. ITU-T T.800 | ISO/IEC
15444-1, Annex E.

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

C3

Variable scalar quantization for irreversible filters (informative)

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

D The "["" means the first value is included and the ")" means the last value is excluded.

36
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sign(ay (u, v)) [LEEE2] g, (u,v)] = ~nz,d,

0 lap(u,v)| < —nzp4,

qp(u,v) = (C-4)

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 nz, is a deadzone adjustment parameter included in the extended QCD, QCC, QPD,
QPC marker segments. If nz, = 0 for all sub-bands, then it need not be signalled. If nz,, is identical for all sub-bands, then
the derived signalling may be used in the extended QCD, QCC, QPD, QPC marker segments.
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Annex D

Trellis coded quantization extensions

(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[annex specifies the trellis coded quantization (TCQ) option for encoding and reconstructing a sequence of, wajvelet
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 choasing one of four Scalar
quanfizers for each sample. Quantizer indices from supersets of these quantizers along with quantizer transitions ip the
form| of a trellis provide all information necessary to reconstruct TCQ encoded wavelet coeffigients.
Figure D.1 depicts the four separate scalar quantizers (Dg, D1, Dy, and D3) used for this\ReCommendation | Internatjonal
Stanflard. Included with this figure is information regarding scalar quantized dndices (mp,), reconstruction Ipvels
(Rp,[mp,)), and eventual union quantizer indices (Qp,(m,,)) for each scalar quantizer.
DO
< @ & @ & 4 < >
mp,: 2 -1 0 1 2 3
Ry (mp,): ~8A —4A 0 3A TA 11A
on (mp,): 4 -2 0 2 4 6
Dl
< " 4 L 4 & & 1>
mp: -2 <l 0 1 2 3
Ry (mp,): ~7A =3A 0 4A 8A 12A
on,(mp,): -4 -2 0 2 4 6
DZ
<4+& @ @ @ & & >
mp,: -3 -2 -1 0 1 2
Rpy(mp): —10A —6A —2A A 5A 9A
on (mp,): -5 -3 -1 1 3 6
DJ
< @ 4 ® & & >
mD, -2 -1 0 1 2 3
Rp (mp,): —9A -5A -A 2A 6A 10A
Op,(mp.,): -5 -3 -1 1 3 5
T.801(21)_FD.1

Figure D.1 — Scalar quantizers used for TCQ

Figure D.2 shows the combination of these scalar quantizers into union quantizers, Ag and A4, along with the indices
available with each quantizer and the corresponding reconstruction levels (R4, (my,)).
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Ay=Dyu D,
<o 4 L 4 L L —& 4 4 @ \ L 4 >
mA,: =5 —4 -3 -1 -1 0 0 2 3 4 5 6
Ra(ma): —10A  -8A  —6A  4A  2A 0 A 3A 5A TA 9A 1A
A, =D,uD,
< & @ @ @ —0 & @ . & & *—>
mdy -5 -4 -3 -1 -1 0 0 2 3 4 5 6
RAl(mAl)i —9A —TA —5A =3A -A 0 2A 4A 6A 8A 10A 12A
862 H—FD.2
Figure D.2 — Union quantizers for TCQ
The gight state trellis directed graph with possible quantizer transitions is shown in Figure D.3, flowingeft to right, where
each|node represents a possible trellis state. Columns of nodes represent stages which are orderedfrom 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 correspords to
the sfage index for the node and s is the trellis state of the node.
Trellis State:
0
1
2
3
o000
4
5
6
7
T.801(21)_FD.3
Stage 0 Staee | 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
guantization 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 ¢, and p, 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 Ay is that of Lagrangian Rate
Allocation (LRA) defined in clause D.5.

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

A, = 2Rt (14 22) (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:h, The g,

and Ji, values are then used to set the SPgcdi, SPqcci, SPqpdi, SPqpci parameters in the QCD, QCC, QPD,' QPC mhrker
segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.4 and A.6.5).

Several look-up-tables (LUTS) are used for purposes of forward quantization. Table D.1 specifies four’pre-defined LJUTs:
N¢ (Ni.s) and NP (N, ;) define the parent nodes for Ny s in the trellis; D (Ny.s) and Df (N,s ) defifie the scalar quantizers
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;

— dn(Nks) 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;

—  dn(Ngs) holds the index for the quantizer which leads from parent node B (Nj s) to Ny s.

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

X A

)

Initialization

Increment &

A

SQ

Label

No

DI

lYes

Trace Back

|

A, Negation ——————— > 4,

T.801(21)_FD.4

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

Node Parent nodes Parent scalar quantizers
Ng (Nis) NY (Nis) D§ (N,s) D (Ni.s)
Nk, o Nk-10 Ng-11 Do D,
N, 1 Nk-12 Nk_13 D, D3
Nk, 2 Nk-14 Ng-15 D, Do
Nk, 3 Nk-16 Ng-17 D3 D,
N, 4 Nk-10 Ng_11 D, Do
NES N—T2 N3 B3 B1
Nk, 6 Ni-14 Nk-15 Do D,
Ny, 7 Nk_16 Nk_17 D, D3

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

Block Description
Init|alization Setdy (Nop)=0anddy(Ngg) = fors=1,..,7.Setk=0.
SQ For each quantizer D; (i =0, 1, 2, 3), find the best quantizer index and.compute its squared error., i.e.,

dp(D;) = mnl;n{(xk — Rp, (m))z}

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

Label For each stages=0, ..., 7:
if (dy (Ng (Nk+1,5)) + dp (D§ (Nis 3 IS dy (Nf (N 1,6)) + dp (DF (Nies1,6))):
Ay (Ni+1,5) = Ay g (Nt 1,5)) + dp(DF (Nit1,5))
qn (Nix1,5) = qp (Dg(Nk+1,s))
B(Ng+1,5) = N{(Nkﬂ,s)

else:
dy Ni1,5) = dy (N (N 1,6)) + dp (Df (Niw1,5))
v (Ni+1,s) = QD(Dlp(Nk+1,s))
B(Ni+15) = N1P(Nk+1,s)
D1 At end of data sequence?
Inck Increment the'sequence index k.
Trafe Back Set k =K\Find syin (out of sin=0, ..., 7) such that dy (Nys . is minimum. Set N = Ny .
While-(k > 0):
dk—1=0qn(N)
N =B(N)
k=k-1
A, INegatian If using A; union quantizer and if g, = 1 then set g, = -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.

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 SPqcd!, SPqcc!, SPgpd', SPgpc! 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.
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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 gy (equivalent to g, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation E-

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

9 B

)

Initialization

< Increment &
A 4

”pdme anprcm .

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

Block Description
Init[alization Initialize the trellis state index siand the sequence index k: s =0; k= 1.
Update Superset Index Set the current union quantizef index using Table D.4: a = A(S).
Reverse A; Negation Ifa=A;and if g =1 thenset g =-1.

If a=A; and if gy /=1 then set g, = 1.
Regonstruct Form reconstructed coefficient x:

—r4p Ra(qr) >0

Tk = Ra(qi) +{ 0 Ru(q)=0
rdp  Ra(qr) <0

where Ry, (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 Staté Update the current trellis state using Table D.5: s = S(s,q )-
D1 At end of code-block data sequence?
Inck Increment the sequence index k.
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Current state s

A(s)

Nl {wWw|[N|F

D.4.?

Unli

The
bloc
coeft
desc
TCQ

Table D.5 — Look-up table for S(s,qx)

Current state s gk Odd/Even S(s,0qk)

Even 0
0

Odd 4

Even 4
1

QOdd 0

Even 1
2

Odd 5

Even 5
3

Odd 1

Even 6
4

Odd 2

Even 2
5

Qdd 6

Even 7
6

Odd 3

Even 3
7

Odd 7

Approximate dequantizatien

indices.

4y, =280 (14 42)

e the full dequantization, this\approach uses twice the step sizes defined in Equation D-1. Specifically,

(B-2)

hpproximate deguantization process is outlined in both Table D.6 and Figure D.6. Input to this process is the ¢ode-

sequence_ofrpartially or fully decoded TCQ indices gx and its output is the sequence of reconstructed wapvelet
icients ferthe current code-block. This dequantization technique corresponds to the basic scalar dequantizption
ibed ip,Rec. ITU-T T.800 | ISO/IEC 15444-1, and as such, does not require special processing to reasonably dgcode
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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
Init{alization Initialize the sequence index k: k = 1.
Zerp LSB Zero out LSB of gj.
Recpnstruct Form reconstructed coefficient x:

{(qk +r2 Y g, > 0

£, = MpEN} (RS <0

Xk (qk+r2” b ).Abqk_
0,

where My, Ny(K), and r are as defined for Ree.4TU-T T.800 | ISO/IEC 15444-1, Equation E-8.

D1

At end of code-block data sequence?

Inck

Increment the sequence index k.

D.5 Lagrangian rate allocation (infermative)

This|algorithm uses three sets of parameters-to determine all sub-band step sizes. The first set is listed in Table D.]
prov|des statistics for each sub-bandfincluding standard deviation (cp), size weight (Bp), energy weight (Yp)

and
and

genefalized Gaussian density (GGD))parameter (ay,). The second set of parameters include ay, and quantizer-dependent

parameters which are listed in Tables D.8, D.9, D.10 and D.11. The parameters listed in these tables are base
expefimentally obtained rate“distortion data for both TCQ and scalar quantization in conjunction with the entropy
described in Rec. ITU-T-T.800 | ISO/IEC 15444-1. Finally, the last parameter set simply provides the free paramg
which is used during gefistrained minimization of overall image domain mean-squared error.

d on
oder
ter A
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Table D.7 — Sub-band statistics required for LRA

Statistic Description
op 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).
Oy GGD parameter for sub-band b. Found by solving,
Tr(e = %p)* r ((f_b) r (aib)
2 2
(o3)? r ( % )
where X, is the sequence of data for sub-band b and x,is its mean.
Table D.8 — p,, parameters for TCQ
ap=0.5 op =0.75 op=1.0 op=15 op=2.0
mp -1.6610 -1.6610 -1.6610 -1.6610 ~1.6610
an —-0.2985 0.0765 0.2144 0.3023 0.3186
Y1 —2.3000 3.0000 -0.8239 -0:5229 0.2218
m 0.0563 0.0000 -0.1950 -0.3344 -1.4917
a 0.1480 0.0000 —-0.1240 —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 14.7723 598.0913 32.7548 70.8032
me 1.6610 1.6610 1.6610 1.6610 1.6610
Table D.9 — Ay parameters for TCQ
ap=0.5 ap =0.75 op,=1.0 op=15 ap =20
my,’ 0.5000 0.5000 0.5000 0.5000 0.5000
ap’ 0.2250 0.2250 0.2250 0.2250 0.2250
v —4.0000 -3.3980 —-3.0000 —-3.0000 —2.3980
my 0.0276 0.0237 0.0311 0.0213 0.0473
a’ 0.1096 0.0828 0.0925 0.0627 0.1081
yy' —4.0000 -3.3980 -3.0000 -3.0000 -2.3980
al 293.3300 32606000.0000 399.6300 81289000.0000 1806.7000
& 15067 11329 0.8759 05922 05818
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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Table D.10 - py, parameters for SQ

ap=0.5 ap=0.75 ap=1.0 ap =15 ap=2.0

my -1.6610 -1.6610 -1.6610 -1.6610 -1.6610
an —-0.1026 0.2744 0.4249 0.5095 0.5285
Y1 —0.7847 —1.3863 -0.7791 —0.6482 —-0.3968
m 0.4060 —0.0942 -0.4315 -0.7034 -1.5322
3y 0.3186 —0.1306 —-0.3362 —0.4559 —-0.6079
' -0.4191 -0.4115 -0.3435 -0.1282 —0.0599
a 65912 64934 6-3859 671561 6-6356
0.1721 0.0819 0.0424 0.0227 -0.0249

3.2225 4.0915 3.8673 2.5889 1.4163

me 1.6610 1.6610 1.6610 1.6610 1.6610

Table D.11 — A, parameters for SQ

oy =05 oy =0.75 o, =1.0 oy =45 op=2.0

my’ 0.5000 0.5000 0.5000 0.5000 0.5000
ap’ 0.4687 0.4687 0.4687 0.4687 0.4687
1/ ~2.4000 -1.9376 -1.4771 -1.4569 -1.5025
my’ 0.0498 0.0837 0.0643 0.0439 0.0364
a’ 0.1196 0.1622 0.0949 0.0640 0.0547
Yo' —2.4000 —1.9376 44771 -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 @nd 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 = Rn + R¢ +R, for each sub-band b, where R, = mpv + a,
1
R, = mca{[l + (V+Z—§)p]i - 1}, forv >y,
0, otherwise
L (muvta,v>y, T R
T [ 0,otherwise T I et )
Corpipute R* R s Z Buos
b
D1 R* within tolerance of Rj?
Adjpst A Properly tune A so R, and R* converge within tolerance.
Corpute Ay A, = 1041+2c*4e for each sub-band b where A, = m,v + a,,

1
. v+a'—§\P 2 _ '
A, = mqa [1 + (T) ] 1,, forv>y,

0, otherwise

{m{v +a,v >y
Al =

pl
) where v _=lo ( )
0,otherwise I\t

Qudntize Use Ay, to quantize wavelet coefficients.

Entfopy encode Run quantized indices through variable length encading.
Megsure Ry Measure achieved rate resulting from step sizes.

D2 R within tolerance of Rp?

Adjlst Rp, Properly tune Rj, so R 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 | 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 S1Z marker segment parameter Rsiz (see clause A.2.1).

This arrex-teseribes-an-opt s-the-eede

technique is that for a given fixed bit-rate, the image quality is more robust against variatigns in image complexity.| This
is agcomplished at the encoder via an extended non-linearity interposed between the transformation stage angl the
quangization stage. At the decoder, the inverse non-linearity is applied after dequantization, prior to the inverse wayvelet
trangformation (see Figure E.1).

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

The gxtended masking option treats visual masking as a combination efitwo separate processes, i.e., self-contrast magking
and feighbourhood masking. The visual masking effect is thereforeexploited in two steps. The first step exploits the|self-
contfjast 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 gain, (see'Rec. ITU-T T.800 | ISO/IEC 15444-1, Table E.1), i.e|

Xi

a
| - gainy, E-1)

X =y = sigh(x) |75 -

Forward Point-wise
X z L
EEE— wavelet extended Quantization —»
transform non-linearity
Encoder
fhverse X Masking z o
+—— wavelet < . < Dequantization ¢———
compensation
transform

Decoder T.801(21)_FE.1

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

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

If unjiform quantization is to be applied to y;, the resultant quantization step sizes as a function of the coefficient value x;
is shpwn in Figure E.2. The quantization bins increase as the coefficient amplitude increases. This step assumes thatfeach
signgl with which a coefficient is associated is lying on a comimon flat background. Under this assumption, {y;} are
percgptually uniform. In a real image, however, this is usually‘fnot the case. Each signal is superimposed on other spafially
neighbouring signals. There is some masking effect contributed from spatially neighbouring signals due to the ghase
unceftainty, receptive field sizes, as well as possible longer range effects. To further exploit this neighbourhood magking
effeqt, the second step normalizes y; by a neighbourheod masking weighting factor w; which is a function of the amplifudes
of the neighbouring signals, i.e.,

Vi 22z = 2L E-2)

wi

where w; is a function g(.) of the eausal neighbouring signals as perceived by the decoder x, denoted in a vector fofm as
N;({& D, i.e.,

w; = g(N;({Z )

The fesultant z; isthen subject to quantization. An advantage of this strategy is its ability to distinguish between Jarge

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

.oder

T U PJULCU UY c UTLUUCT c VVC A c C U

perceived signals x; shall be computed to include the effects of quantization and reconstruction. That is:

e /e
1%l (Q d ll))g(Ni({fk}))) (E-3)

gaing - gainy

where Q() denotes a quantization operation. The x; depends on previously computed values in the causal neighbourhood,
so 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;. 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.
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For embedded coding the encoder cannot do the non-linear transformation based on the exact final compressed and
quantized version of the coefficient x, because the "extended non-linearity" is applied prior to scalable compression and
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
whidfi can be Specified In the DIt siream. For example, IT minlevel 15 Set to 1, then the extended non-Tnearity 15 applied to
all syb-bands except the lowest LL band.

E.3 Decoding with visual masking

Wheh the VMS marker (see clause A.3.2) is present for component c, then the following shall accur between inyerse
quangization and inverse DWT. In component c, for each sub-band b with resolution level r not less-than minlevel, exgcute
the fpllowing formula in raster order over sub-band b:

1/a

’?—"|ﬁ) /Iwil)] " gainy, E-4)

Zi

gaing gainy

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

15444-1, Table E.1). The normalization constant a is defined as (1000/2®<V)# where R is the bit-depth of the spafially
recomstructed component samples as specified in the SIZ marker segment (see Rec. ITU-T T.800 | ISO/IEC 154414-1,
clauge A.5.1). The neighbourhood is a causal neighbourhood of the current coefficient, z;, having a nominal height of
(win] width+1) and width of (2win_width+1) (see Figure E.3). The neighbourhood excludes the current coefficient, z{, and
shrinks to respect sub-band boundaries. The neighbourhood™ also shrinks to respect code block boundarigs if
respégct_block_boundaries = 1. |¢;]is the number of pixels.in the neighbourhood of z;.

Whe{z z; is the coefficient under consideration, and gainy is the analysis filter_gain (see Rec. ITU-T T.800 | IS/IEC

O)

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

G; = |1z;1/4,] with all butthe bits_retained MSBs replaced by zero E-5)

wherle Ay, is the quantization step size and, [|z;|/4b] is an integer containing My, unsigned bits. See Rec. ITU-T T.B00 |
ISO/JEC 15444-1, Clause E.1, for definitions of A, and My,

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

N =2win_width + 1 =5, [¢]=12,m"
current coefficient, "x" are the causal
sturrounding coefficients. X[ x| x| x|x

T.801(21)_FE.3
Figure E.3 — Causal neighbourhood
1/a
1% gid v |P
g;—inb = [;17171,(1 + (a ZkEneighbourhood g;—Lknb| )/l‘pzl)] (E'G)
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The values of minlevel, o, 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 — When respect_block_boundaries = 1, it allows parallel implementation and restricts error propagation, but may sacrifice
some performance.
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 c, for each sub-band b with resolution r not less than minlevel, execute the following formula in raster order
over sub-band b:

| -gainy

o] )/w

sign(ep| 2L

ﬂ()”’l

E-7)

(a Zkenelghbourhood

wherle 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.

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

E.5 Setting parameters (informative)

The |parameter B assumes a value between 0 and 1, and, together with win_width, is used to control the degrge of
neighbourhood masking. The parameters § and win_width play important roles’in differentiating coefficients aroynd a
simple edge from those in the complex area. The parameter win_width controls the degree of averaging; p controls the
influpnce of the amplitude of each neighbouring coefficient. It is impoftant that B assumes a value much smaller than 1.
A good value of f is 0,2. This helps to protect coefficients around simple sharp edges, since the coefficients around gharp
edgep usually have high values. A small value of B suppresses the ‘€ontribution of a few large coefficients around gharp
edgep to the masking factor, thus implicitly distinguishing coefficients around sharp edges from coefficients in a conpplex
regign.

A spgcial case of the point-wise extended masking approach is the self-contrast masking approach achieved whent]| B is
set tg 0. The self-contrast masking is referred to as\the case where the mask signal is at exactly the same frequ¢ncy,
orierftation and location as the distortion signal, This masking approach assumes that the wavelet band structure isjused
and filters are a good match to the visual systems underlying channels, which is usually not true. Therefore, it may jhave
an oyer-masking problem at diagonal edges, especially at relatively lower bit rates.

Someg parameters that are encoded intoithe VMS marker segment (see clause A.3.2) are a, B, bits_retained (the number
of mpst significant bits to be retaiged for obtaining quantized neighbouring coefficients), win_width (half of the cpusal
neighbourhood window width, ife. )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 syitch
respégct_block_boundaries §s7also included in the VMS marker segment.

E.6 Compatibility with other technologies (informative)

The yisual masking extension works with both scalar quantization and TCQ (see Annex D) for irreversible filters. It can
be cgmbinedwith visual frequency weighting (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause J.12) to further imgrove
the ici

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

F.1 Wavelet sub-bands

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

F.1. Tier 1: Number of decomposition levels

The [first tier in defining sub-band decompositions is the number of wavelet decomposition levels, Ny. This value is
signglled for each tile-component in the COD or COC markers as_specified in Table A.15 of Rec. ITU-T T.800 |
ISONJEC 15444-1. As with that Recommendation | International Standard, decomposition level indices are 1 for highest
resolution sub-bands and N;_for the lowest resolution sub-band. Resolution indices, on the other hand, are labelled|with
valug zero for the lowest resolution and N for the highest resolution. A value of zero for N indicates no wavelet
trangformation for the tile-component.

F.1. Tier 2: Resolution formation

The arious spatial resolutions are obtained through joint/disjoint horizontal and/or vertical downsampling of h|gher
resolutions. As a result, spatial resolutions with_subsampling factors from the original image that differ in the horizpntal
and yertical directions are allowed. As in Rec.'ITU-T T.800 | ISO/IEC 15444-1, the orientation of each spatial resolption
(or spib-band) is specified with a two-character code, where the first letter indicates horizontal filtering, the second |etter
indidates vertical filtering, and the létters L and H indicate lowpass or highpass filtering followed by decimation|by a
factgr of two. This annex also prevides for the third letter X to indicate no vertical/horizontal filtering and decimation.
Sincg spatial resolutions are not produced with highpass processing and no two spatial resolutions can be the same, fhere
are tipree possible orientationsfor 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 clause F.2.b.

F.1.3 Tier 3: Sub-level decompositions

WavElet sub-bands resulting from the first two tiers of wavelet processing may be further decomposed into new|sub-
bands of redueed bandpass extent. The concept of decomposition sub-levels is used to help convey this detail tief. An
abso|ute. maximum of three decomposition sub-levels may be produced at decomposition level lev, with the first sublevel
ing,from decomposition of the next highest resolution level. Use of ADS marker segments (see clause A.3.4) for

F.1.4  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-
levels with LL, HL, LH and HH orientations that result from joint horizontal and vertical splits as in Rec. ITU-T T.800 |
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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 LUTs (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 cojon separated notation is used to label the index b of sub-band ay for the four tiered wavelet decomposition apptloach
defirfed in this annex. This notation (which is a simple extension of that given in Rec. ITU-T T.800 | ISO/IEC)15444-1)
begins with an index lev corresponding to the decomposition level of the sub-band, followed by the two-letterorientation
for the first sub-level decomposition. For sub-bands with greater than one sub-level, a colon follows along/with the second
sub-level decomposition orientation. A final colon along with the third sub-level decomposition oxientation endps the
notafion for sub-bands with greater than two sub-levels.

LL HL
Decomposition of g, Sola,) \5i(a,)
a) a, .
Sita)  Si(ay)
LH HH
LX HX
Decomposition of.a
b) a, P b > S(](ah) Sl(ah)
XL
0) a Decomposition of @, Sola)
b >
XH
Si(ay)
T.801(21)_FF.1

Figure F.1 — Possible splits of sub-bands

F.1.4 HorOrient, VerOrient-and PrimeQOrient sub-band operators

To a|d definitions of procedures in this annex, the operator HorOrient(ay) refers to the last filtering operation (H, L, pr X)
which has been applied.inthe horizontal direction to a given sub-band ay,, while the operator VerQOrient(ay) refers tp the
last fliltering operation (H, L, or X) which has been applied in the vertical direction to a given sub-band ay,. The opdrator
PrimeOrient(ap)-is’used to refer to the orientation (LL, LX, XL, HL, LH, HX, XH or HH) of the highest sub-level|sub-
band| which_éventually spawns into sub-band a within the same decomposition level. For example, for sub-and
ap =faoL -1k HorOrient(ay) = H, VerOrient(ap) = X, PrimeOrient(ap) = 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, Ny LX or N XL sub-bands.
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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®
> N >, > N >, >, >,
)
2 xPy X X 2 X X >3 8
1 >1 X >1 1 X >1 2 7
1 0 >1 0 1 >1 0 2 6
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 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
) [The context labels are indexed only for identification convenience in this Specification. The actual identifiers used is a mafter
of implementation.
b) |x = do 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 resolutioriZlevels, and should be updated for this annex accofding
to:
tcx tcx
trx, = [WES’FH(NL—T)] trx = [ GET_HOR DEPlTH(NL—T)]
. F-1)
CYo tcy,
try, = [m] ey, = LGET VER DEPTH(N— r)]
The |usage for the procedures GET_HOR-DEPTH and GET_VER_DEPTH are defined in Figure F.2 wherea$ the
defirjitions of these algorithms are depicted in Figure F.3.
_fevyl Ger HOR.DEPTH  |[LIORDEPTH_ - _lev | Gpr ypr_pepr  |VERDEPTH
Figure F2-Parameters for the GET_HOR_DEPTH and GET_VER_DEPTH procedures
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F.2.4

From Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-15 (defining sub-band dimensions thx; and tby;), Equation E-4
(defining sub-band gains gainy) and Equation E-5 (defining the number of sub-band decomposition levels, n,) 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 I 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

Remaining updates

for
REC
and

I1ISO
than
lengt
level

pbroper output of sub-band information.” Also, the front end procedure SET_SUBBAND_INFO call
JUR_INFO using parameters rPPx and rPPy which are the same PPx and PPy parameters signalled through*COD

the

COC markers (see clause A.2.3) for each resolution r as described in Clause B.6 in Rec. ITU<D T.800 |

GET HOR_DEPTH

L 4

No

HorOrient (az,) # X

EC 15444-1. To avoid xpb and ypb values less than one, both of these rPPx and rPPy values shall-alsg be g
or equal to O(N_—r) for all resolution levels except resolution r = 0. Finally, as with most loops with’the inde
h J(S(ap)), the j index in RECUR_INFO is decremented to cause processing to recurse on the next lowest resol

GET VER DEPTH

HOR_DEPTH =D

56

DONE

VerOrient (a,,) # X

ater
j of
ition

VER DEPTH =

D=D+1

——

I=1+1

DONE

T.801(2

)_FF.3

Figure F.3 - The GET_HOR_DEPTH and GET_VER_DEPTH procedures
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Ni
—L
dy()
k thx, thy,
1
— gainy,
ﬂb SET SUBBAND_INFO ",
] I R
— 00
dy() ’
I )
T.801(21)_FF.4

Figure F.4 — Parameters for the SET SUBBAND INFO procedure

SET SUBBAND INFO

:

00 = INIT_O(N,, dy(), ;)

:

S0, RO = INIT_S_R(N,. di(), I, di(), 15, ()

lev> N,

A\ 4

No

X

Yo
¥

= tR(lev —1)x,
= iR (lev — 1),
= tR(lev.=hyg
= tRflev=1)y,

gain =1
n=(GET_HOR_DEPTH(/ev -1)
+GET VER DEPTH(lev — 1))/2

A=S8agge,)

h

OK—-k=0'(k)

A, Ay, gain, n, OQk

= RECUR_INFO(R(lev 1), x,, ¥, i

rPPx o rPPy.
)

gain,n, k,2° 7,2
l k=k-1

lev = [ev +1

‘ T.801(21)_FF.5

Figure F.5 - The SET_SUBBAND_INFO procedure

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 57


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

b
— 1(S(ay))x;
Yo Vi
— 1(S(ay))y;
gain -
gamS(ab)
— RECUR_INFO "S(ay)
k
00
xp — >
D — k
) IEEEEE——
w
T.801(21)_FF.6

Eigure F 6 — Parameters for the RECUR INFO procedure

RECUR_INFO

Jj=JHa,) -1

b'=5(a,)

l Yes

Set tb'x, by, n,,

xpb’, ypb' per Table F.2 ¢
l O(k) = b’
tA)x,, t(A)y,, gain, n, O(), k
gain,, = gain - 2% = RECUR_INFO(Y, th'x, tb'y, l
gainy, n, k,

| b’ ypb) k=k+1

Jj=ji—1 <

T.801(21)_FF.7

Figure F-7—=The RECOR_INFOprocedure
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Table F.2 — Quantities for sub-band info calculation

F.2.§

Threp arrays are used for specifying the decomposition structure for each tilé-=component. Each array is composed of
bit vplues that are signalled in DFS and ADS markers (see clauses A.3.3,and A.3.4). The first array, dg(i), i =0, ...

1,is
deter|

Figure F.8 and the procedure itself is defined in Figure F.9. If theZADS marker segment is not defined for the curren
compponent, the length lq is set to zero.

N

The
of eq

(see clause A.3.4) and specifies the sub-level decomposition structure within each decomposition level. Both of

array
depi
Tabl
Igre
allov
deco
deco|

npt set before encountering the end of dg(i) are set to theJdast dg(i) entry.

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

SEE\EN
ﬂ» INIT 6 L»
SEEIEN

T.801(21)_FF.8

Figure F.8 — Parameters for the INIT_6 procedure

Updates to decomposition structure

defined by the DOads and 10ads ADS marker segment (see clause*A.3.4) and is used by the INIT_6 procedu
mine the maximum number of sub-levels, 6(lev), in each decémposition level. Usage for this procedure is shov

OTE — The values of dg(i) used to set all 6(lev) in this procedure should be non-zero and thus equal to 1, 2 or 3. Remaining

econd array, dg(i), =0, ..., Ig-1, is defined by'Ddfs and Idfs DFS marker segments and specifies the dimensior
ch resolution level. The third array, dg(i)\i=0, ..., Is—1, is defined by the DSads and 1Sads ADS marker seg

s are used along with other inputstby the INIT_S_R and LEV_S routines. The 1/O structure for these procedurs
ted in Figures F.10 and F.12-and*the corresponding algorithmic structures are defined in Figures F.11 and
bs F.3 and F.4. As with lg, if the’DFS or ADS marker segments are not defined for the current tile-component,

pectively is set to zero. When either Ig or Igequal zero, the INIT_S R routine will modify the respective arra
full sub-level depths~with joint horizontal and vertical decomposition splits for all sub-bands in the wa

mposes into othersub-bands. This LUT is defined so that S(ay) equals the set of sub-band indices for decomg

sub-

decompose fram/sub-band ay,. Therefore, S(ap) = {So(ap),---,S(a;)-1(an)}, Where Sj(ap) is the sub-band index g
j-th qub-band-decomposed from ay,. Also, S(a,) = {b} when ay, is not further decomposed. This occurs when termin

ands from stib-band ay,. The length LUT J(ay,) is also defined by these routines to be the number of sub-bands W

two-
s lo—
reto
\Vn in
tile-

evels

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

mposition. The firstpurpose of these procedures is to determine the LUT S(ap) which defines how a sub-band ap

osed
hich
f the
bting

zerog are, indexed in dg(i) or the sub-level depth of sub-band ay, equals the maximum, 6(lev), allowed for its level. Firrally,

Y

the notatron s,y Tsusedtodenote theset{us, (o, 5

T :
S](ab)—1(ab)j
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INIT 6
i=0
lev =
elfm = 1
. i< -1 bl
iYes
00 = (D) No
O(lev) = dy(i) DONE
l Yes
lev=1lev + 1 B(lev) =0,
i=i+1 lev=lev +1
| Q T.801(21)_FF.9

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

Figure F.10 — Parameters for the INIT_S_R procedure

INIT S R

SO

RO

T.801(21)_FF.10
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d

ERROR
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I
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}
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]
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— 5V 5 LEV.S

Figure F.12 — Parameters for the LEV_S procedure
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ERROR Sla) = DONE
Ja,)=1
A
Set S(a,) and l
J(ay)per
Table F.4 iz'j(a )_ 1
E b.
e(‘)” = e(‘”l + 1
ip=ipt1
Set-S(a;) and
J(d,) per
Table F.3
ecnl = 94’/71 R l
iS == iS X 1 S(as,_(ab)), J(asl.(ab)), iR’ isz LEV_S(S,-((I/,),
RO dQ i I
‘ dS()’ iSﬂ IS’el'nl’
ema\" /(,’V)
l:
v
S(a,)=b .
> Jay=1 DONE j=i-l
ig=ig+l
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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(jev).

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 {h:XL h:XH} 2

Table F.4 — S(ap) and J(ap) as a function of dg(i)

drliR) S(ayp) = Set of indices for decomposed sub-bands from ay, J(ap) = Length of set S(ay,)
il {levLL, levHL, levLH, levHH} 4
p {levLX, levHX} 2
§ {levXL, levXH} 2

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

Figufe F.14 illustrates a sample wavelet decomposition. In this decomposition, N; =3/dg() = 31, lg =2, dr() =123, Iy = 3,
ds() F 320300203, and Is = 9. Table F.5 shows the various characteristics forthis decomposition, including th¢ R()
notafion for each level, indicating that sub-band ag | represents resolution 34the original image), and that resolutigns 2,
1 angl O are represented by sub-bands aj; |, ag x and agy, respectively.~As in Rec. ITU-T T.800 | ISO/IEC 15444-1,
precincts are specified with respect to these resolutions.

F.3 Inverse discrete wavelet transformation for general decompositions

The jnverse transformation process is much like that desctibed in Clause F.3 of Rec. ITU-T T.800 | ISO/IEC 15444-1.
The |only modifications necessary to provide arbitrary~decomposition functionality are to the IDWT, 2D_SR) and
2D_INTERLEAVE procedures defined in that Annex.

Ay ApLLxxe
Asyyy A Lx
Ay AL
A XL XL
A pxn A XHLX A HH: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(ap) | PrimeOrient
lev 0(lev) S Sub-bands / (ap) R(lev)
(ap) VerOrient(ay)
0 NA | NA aoLL L/L LL OLL
S(agy) = {1LL, 1HL, 1LH, 1HH}
S(ag) ={1LL}
S(agn) = {IHL:LX, THL:HX}
S(@1nLx) = {IHL:LXXL, THL:LX:XH}
S 1 xx1) = {IHLILX:XL} A1H) ] XX X/L HL
S(aHL:Lx:xhH) = {THL:ILX:XH} A1HL:LX:XH X/H HL
S(agHLHx) = {IHL:HX} A1HL:HX H/X HL
1 3 S(ay p) = {1LH: XL, 1LH:XH} 1L
S(agin:x) = {ILH:XL} 11 H:XL X/L LH
S(agLn:xn) = {1LH:XH} a1 H:XH X/H LH
S(ajpn) = {1HH: XL, 1HH:XH}
S(agnn:xu) = {IHH:XL} A1HH: XL X/L HH
S(a1Hn:xH) = {IHH: XH:LX, IHH:XH:HX}
S(a1HH:xH:Lx) = {IHH:XH:LX} A1HH:XH:LX L/X HH
S(@lHH:XH:HX) = {1HH: XH:HX} A1 HH:XH:HX H/X HH
S(a1|_|_) = {2LX, 2HX}
2) 1 S(ay x) = {2LX} 21X
S(aZHx) = {ZHX} aAoPX H/X HX
S(a2|_x) = {3XL, SXH}
3 1 S(asx) = {3XL} agxL X/L XL 3KL
S(a3XH) = {3XH} azxH X/H XH
F.3.1 Modified IDWT procedure

The |DWT procedure is almost the same as that in Rec. ITU-T T.800 | ISO/IEC 15444-1. Differences deal with chgnges
in th¢ call to the modification of the 2D_SR procedure (MOD_2D_SR) as well as the extra calls to INIT_6 and INIT_|S_R.
Nevgrtheless, the modified usage is depicted in Figure F.15 and the actual procedure is shown in Figure F.16. Sub-fjands
stored in the codestream are provided to'MOD_2D_ SR in the same order as provided by the order LUT O() defingd in
clauge F.2.4.

ay(u, v)

NL
—>

40

I
0 )

dy)

‘IS
—S

MOD_IDWT

I(x,y)
-7 5

64

T.801(21)_FF.15

Figure F.15 — Parameters for the MOD_IDWT procedure
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MOD_IDWT

00) = INIT_O(V,, d)(), 1,

I

SO RO=INIT S R(N_ 40 I 60)

l DONE
lev=N,
} .
> lev=0 Yes M Ax\y) =ay, (x,y)

lNo

Apler—1) = MOszDst(GS(uRUE\,, ])), tR(lev — 1)x,, tRdevA 1)x,,
tR(lev — 1)y, tR(lev — 1)y,)

lev=lev~1

T.801(21)_FF.16

Figure F(16 — The MOD_IDWT procedure

F.3.2 Modified 2D_SR procedure

Majqr changes are required for 2D_ SR from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is composed
of ogerations which combine 2 or.4’sub-bands into a resulting sub-band. This procedure shall also handle such processing
throyghout all sub-levels inside a'decomposition level. To accommodate such processing, a recursive structure is usgd for
this procedure. The parameters necessary for this procedure are shown in Figure F.17 and the new procedure itsglf is

diagfammed in Figure-F:18.

aS(ab)
a,
Uy 1V V, MOD 2D SR ——>
T.801(21)_FF1A7
| i PTRTS - 17 aranacotore for th AMNMOD 20D CHD ool
T |3U|C . LT T ATAITICLCT O TUT LUI'1C |V|UIJ_LIJ_U|\ Fl uLiluur v
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MOD 2D SR v

a,= MOD72D71NTERLEAVE(aS(ab}. Uy, Uy, Vy V)

F.3.3

Sign
proc
show
inter
thl,

Jtda,) -1
: — Yes
HorOnent(aSj(ub,) X
/A
>0 No
lNo
Yes
a,=HOR_SR(a,, uy, u,, v, ¥,)
b'= S(ay)
v
No ) VerOrient(ag ., 1) = X
Slay) = b} i
Yes
A
a’y= MOD_ZD_SR(aS(ﬂbv)), th' x,,
th'x, 'y, th'y)) a,=VER_SR(ay, uy, u,, v, v))
|A
y
J=i-1 DONE

T.801(21)_fF.18

aS( ap )

Uy Uy Vy V)

Figure k18 — The MOD_2D_SR procedure

Modified 2D_INTERLEAVE procedure

ficant changes are also necessary for the 2D_INTERLEAVE procedure. These changes are due to both subevel
pssing and disjoint horizontal/vertical sub-band splits. This procedure is shown in both Figures F.19 and F.20. As
n in the latter of thesé-two figures, this routine now decides which of three lower level procedures shall be usgd to
eave wavelet samples."The values of ug, Uy, vg and vq in each of these three lower level procedures are those of [thxg,
tbyg and tby; asredefined in clause F.2.4, where ay, is the sub-band to be interleaved and eventually reconstrudted.

ay

MOD_2D_INTERLEAVE —

T.801(21)_FF.19
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Figure F.19 — Parameters for the MOD_2D_INTERLEAVE procedure
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.

Vcr()ricnt(asf(a h)) =X
AND
HorOricnt(st(u,,) )% X
vj

Yes

ISO/IEC 15444-2:2021 (E)

|

No

HorOrient(aSj((,b)) =X
v

No

dy = 20U 1V_INTERLEAV E[as(ah) , Uy Uy, Vi, V)

Yes

DONE

}

a,=2D_V_INTERLEAVE(ug,, . ty Uy, Vo, V1)

a, = 2D7H7INTERLEAVE(aS(ab), Uy, Uy, Vg, Vi)

DONE

F.3.3.1 The 2D_HV_INTERLEAVE procedure

DONE

T.801(21)_FF.20

Figure F.20—;The MOD_2D_INTERLEAVE procedure

The [2D_HV_INTERLEAVE pracedure is similar to the 2D_INTERLEAVE procedure from Rec. ITU-T T.800 |

ISO/NEC 15444-1. Usage for this'procedure is shown in Figure F.21 and the actual procedure is shown in Figure F.2

aS(dh)

Uy ULVy V)

2D HV INTERLEAVE

ap

—»

T.801(21)_FF.21

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

|
LL v HL v
b'=8y(a;) b'=S(ay)
U= |—u"/27 u= LuO/‘ZJ
v=[vy2] v=[vy/2]
» »
a,(2u, 2v) = ay(u, v) a,(2u+1,2v) = a,(u, v)
u=u+t1l ue—utl1
No u>lu,/2] No w>lu/A
Yes Yes
u=luy2] v=v+1 u=luy2] v=v+1
3 7'y
N Yes
0 v=[v/2] No
Yes
|
ILH A HH v
b'=Sy(ay) b'=Sy(ay)
u= run/ﬂ U= LHU/2J
v= LVO/ZJ v= Lv0/2j
~ v
ayQu, 2v + Iysa,(u, v) a,Qu+1,2v+ 1) =a,(u, v)
u=u-+1 u=u+1l
No No
Yes Yes
u=[1u,2] v=v+1 u=|uy2] v=v+1
y
N AY /\Y
O yslv2l s No " s yn)

T.801(21)_FF.22
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Figure F.22 — The 2D_HV_INTERLEAVE procedure
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Uy, Up,Vy, Vy
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2D H INTERLEAVE

ay

E—

T.801(21)_FF.23

Figure F.23 — Parameters for the 2D_H_INTERLEAVE procedure

F.3.32 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

| I
Lx Y HX v
b'=Sy(a;) b'=8\(a)
u=lu,/21 u=Luy2A
V=, v <Y
c )
ay(2u, v) = a,fu, v) dyBu + 1, v) = ay{u, v)
v v
u=u+1 u=u+1
No No
Yes Yes
u=[u,2] v=v+1 u=|uy2] v=v+1
| /\ !
N Yes
° = No Yy ponl
T.801(21)_F
Figure F.24 — The 2D_H_INTERLEAVE procedure
F.3.3.3 The2D V_INTERLEAVE procedure

The

brocedure for interleaving samples due to disjoint wavelet processing in just the vertical direction is quite likg

for tllue procedure defined above in clause F.3.3.2. The procedure for this case is depicted in Figures F.25 and F.26.

F.24

that
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as(q )

Uy, Up,Vy, Vy

2D V INTERLEAVE

ay

E—

T.801(21)_FF.25

Figure F.25 — Parameters for the 2D_V_INTERLEAVE procedure

2D _V_INTERLEAVE

v2lv/2]

XL ¥ XH ¥
b'=8y(ay) b'=S8\(a,)
U=, u=1u,
v=[v,/2] v=|vy2]
" =F
a(u, 2v) = ay{u, v) ay(u, 2v+ 1) = a,(u,'w)
v v
u=u+1 usutl
No N6
Yes Yes
U=, v=v+1 =, v=v+1
NO/\YES No Yes

—» DONE

T.801(21)_FF.)

(2]

F.4

Figure F.26 — The 2D_V_INTERLEAVE procedure

Forward discrete wavelet transformation for general decompositions (informative)

Similar to the inverse transformation process, forward wavelet transformation requires changes to only the FOQWT,

2D _

F.4.1
Like

70

ModifiedEDWT procedure

the MOBNDWT procedure, the FDWT remains much like that in Rec. ITU-T T.800 | ISO/IEC 15444-1
parameters:for this procedure are shown in Figure F.27 and the structure of the procedure is shown in Figure F.28.

5D, and 2D_DEINTERLEAVE Rec. ITU-T T.800 | ISO/IEC 15444-1 procedures.

The

MOD_FDWT

ay(x, y)

T.801(21)_FF.27

Figure F.27 — Parameters for the MOD_FDWT procedure
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MOD _FDWT

6() = INIT_O(NL, d,(), I,)

l

SO RO=INIT S RN, J() I B())

ISO/IEC 15444-2:2021 (E)

F.4.3
Majd
of of
throu

diag

}

lev=1
agy, = I(xy)

Os(ager 1) = MOD_2D_SD(ay,

tR(lev —1)x,, tR(lev <\)x,
tR(lev — 1)y, tR(lev=> 1)y,)

!

lev = lev A,

T.801(21)_FF.28

Figure F28 — The MOD_FDWT procedure

Modified 2D_SD procedure

r changes are required for 2D( SD from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is com
erations which split one sub=band into 2 or 4 resulting sub-bands. This procedure shall also handle such proce
ghout all sub-levels insite a'decomposition level. To accommodate such processing, a recursive structure is use
this procedure. The parameters necessary for this procedure are shown in Figure F.29 and the new procedure its

ammed in Figure-E:30.

y

Uy, UV Vy

MOD 2D SD

AS(ay)
EE—

T.801(21)_FF.29
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MOD 2D SD
J=Ja,) -1
VerOrient(ag,, 1) = X
D
vj No DONE
Yes
b'= Sfay)
Yes
No
=MOD _2D_SD(qj,,
th' xy, th' x,,
a,=HOR _SD(a, u, u,, vy, v)) } th' v, th' y))
*4
’
j=i-1
=MOD_2D_DEINTERLEAVE(ay, u,, u,, v,, v,) ‘
| T.801(21)|FF.30

Figure F30= The MOD_2D_SD procedure

F.4.3 Modified 2D_DEINTERLEAVE procedure

Sign|ficant changes were also necessary for the 2D_DEINTERLEAVE procedure. These changes are due to [both
sub-level processing and disjoint forizontal/vertical sub-band splits. This procedure is shown in both Figures|F.31
and f.32. As shown in the latterof these two figures, this routine now decides which of three lower level proceduresishall
be uged to deinterleave wavelet samples. As with the MOD_2D_INTERLEAVE procedure, the values of ug, uy, vy and
vy ineach of these threeslower level procedures are those of thxg, thxq, thyg and tby, as defined in clause F.2.4 fqr the
sub-thand ay, which isbeing decomposed/deinterleaved.

)
——> as(qy)
Uy, Uy VgV, MOD 2D DEINTERLEAVE [——*
R
T.801(21)_FF.31

Figure F.31 — Parameters for the MOD_2D_DEINTERLEAVE procedure
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MOD 2D DEINTERLEAVE

.

VcrOricnt(aS}(ah)) #X

ISO/IEC 15444-2:2021 (E)

F.4.3

The
1ISO

Yes
AND
HorOricnt(aSJ.(u 2)EX i
vj
- =20 HV DEINTERIEAVE (o 50 2, o )
N EN) DY — A E R B Bt H Y
No
DONE
. _ Yes
HorOnent(a.Sj(ah)) X es
vj i
No Ag(a,) = 2D_V_DEINTERLEAVE(ay, uy uy, vy, v))

dg(a) = 2D H DEINTERLEAVE(q,, u, u,, v, v;)

DONE

DONE

T.801(21)_FF.32

Figure F.32 £{The MOD_2D DEINTERLEAVE procedure

.1 The 2D _HV_DEINTEREEAVE procedure

PD HV_DEINTERLEAVE\pfocedure is similar to the 2D_DEINTERLEAVE procedure from Rec. ITU-T T.
EC 15444-1. Usage for this procedure is shown in Figure F.33 and the actual procedure is shown in Figure F.3

Uy U,V Yy 2D HV_DEINTERLEAVE
— 7 »

aS(ab )
EE—

T.801(21)_FF.33

Figure F.33 — Parameters for the 2D_HV_DEINTERLEAVE procedure

800 |
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2D HV DEINTERLEAVE

LL v HL v
b'=8y(a;) b'=S(ay)
U= |—u"/27 u= LuO/‘ZJ
v=[vy2] v=[vy/2]
» »
ay(u, v) = a,(Qu, 2v) a(u, v)=a,(2u+ 1, 2v)
u=u+t1l u=u+1
No u>lu,/2] No w>lu/A
Yes Yes
u=luy2] v=v+1 u=luy2] v=v+1
3 7'y
N Yes
0 v=[v/2] No
Yes
|
ILH A HH v
b'=Sy(ay) b'=Sy(ay)
u= run/ﬂ U= LHU/2J
v= LVO/ZJ v= Lv0/2j
~ v
ay(u, v) = ay2ur2v+1) ay(u, v) = a,2u+1,2v+1)
u=u-+1 usu+1
No No
Yes Yes
u=[1u,2] v=v+1 u=|uy2] v=v+1
y
N AY /\Y
O yslv2l s No " s yn)
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Figure F.34 — The 2D_HV_DEINTERLEAVE procedure
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ap
—— aS(ay)
Uy, Uy V. V, 2D H DEINTERLEAVE [
—_—>
T.801(21)_FF.35

Figure F.35 — Parameters for the 2D_H_DEINTERLEAVE procedure

F.4.3.2 The 2D_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.

2D_H_DEINTERLEAVE
I
| I
Lx Y HX y
b'=Sy(ay) b'=5(a,)
u=lu,/21 u=Luy2A
V=, v <Y
i )
ay(u, v)=a,(2u, v) dylu, v)=a,2u+1,v)
v v
u=u-+1 u=u+1
No No
Yes Yes
u=[u,2] v=v+1 u=|uy2] v=v+1
1 A !
N Yes
° = No Yes | DON]D
T.801(21)_FF.36
Figure F.36 — The 2D_H_DEINTERLEAVE procedure
F.4.3.3 The2D V_DEINTERLEAVE procedure
The procedure for deinterleaving samples due to disjoint wavelet processing in just the vertical direction is quite lik¢ that
for tllue procedure defined in clause F.4.3.2. The procedure for this case is depicted in Figures F.37 and F.38.

ap
—— as(ay)
Uy UV V, 2D V DEINTERLEAVE [—*
—_—>
T.801(21)_FF.37

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

|
XL — XH —
b'=Sy(ay) b'=S\(a,)
u=1u, u=u,
v=[vy2] v=_Lv,/2]
s ¥
ay(u, vy = a(u, 2v) ayu, v) =ay(u,2v+1)
v v
u=u-+1l u=u+1
No No U=,
Yes Yes
u=u, v=v+1 u=1u, v=v+1
No Yes Yes
y2v,/2] No N DON]D

T.801(21)_FF.38

Figure F.38 — The 2D_V_DPEINTERLEAVE procedure

76 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

Annex G

ISO/IEC 15444-2:2021 (E)

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
(WS
G.1

Tabl
thess

T T.800 | ISO/IEC 15444-1): the 1D_SR_WS procedure and the 1D_SD_WS procedure for whole-sample symm
wavelet transformations.

Wavelet transformation parameters, definitions and normalizations

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

Table G.1 — Parameters for wavelet transformations

etric

y for

Parpmeter tag Meaning Value(s)
Cogff_Typ Numerical type of lifting step coefficients 8-bit signed integer
16-bit signed integer
32-bit float
64-bit float
128-bit float
Filt] Cat Wavelet transformation category arbitrary (ARB)
whole-sample symmetric (WS)
WT[ Typ Wavelet transformation type irreversible (IRR)
reversible (REV)
Mini Update characteristic of first reconstruetion lifting step even-subsequence update (0)
odd-subsequence update (1)
NLg Number of lifting steps 8-bit unsigned integer
g Base-2 scaling exponentforlifting step s 8-bit unsigned integer:
(reversible transformations only) defined for0 <s<Nig
Bs Additive residue for lifting step s Coeff_Typ:
(reversible transformations only) defined for0 <s<Nyg
K Scaling factor, Coeff_Typ
(irreversible-transformations only)
Lg Number of lifting coefficients for lifting step s 8-bit unsigned integer:
defined for0 <s <N g
Olg k kth lifting coefficient for lifting step s Coeff_Typ:
defined for0 <s<N;g
0<k< LS
G.2 Whole-sample symmetric (WS) wavelet transformations reconstruction

The procedures specified in this subclause apply only in the case of ATK marker segments for which Filt_Cat = WS.

G.z21

Normalization of WS wavelet transformations

This subclause specifies conditions on parameters that a compliant codestream shall satisfy.

Define Ds to be the sum of the lifting coefficients o for lifting step s, 0 <'s < N g (normalized in the case of reversible
transforms):
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Dy=2-Yrtag, if WT_Typ = IRR
2 oLs—1 .
Dy ==X, as, if WI_Typ =REV

= %5

e parameters Bg recursively:

Bs =DgBg_ 1 +B;s_,, fors=0to N ¢ (G-1)

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

For

G.2.1.2 Normalization of irreversible wavelet transformation

one

G.2.2  One-dimensional sub-band reconstructionsprocedure for WS wavelet transformations

G.Z.L.l Normalization of reversible wavelet transformation

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

versible wavelet transformations (WT_Typ=REV), the parameters Bg shall satisfy one of the following conditi

BNLs—Z =1 if my, =1 or

BNLS_1 = 1 lf ml-m-t = O

By _, =K if my; =1 or

LS™

BNLS_l = K if ml‘nit = O

ons:

tisfy

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

stepd,

samples with a weighted sum of odd-indexXed samples.

G.2.2.1 The 1D_SR_WS procedufre

and

inarfay Y. It produces as output an array, X, with the same indices (ig, i1).

As imustrated in Figure G.1, the {D,"SR_WS procedure takes as input a one-dimensional array, Y, of interleaved low

which alternately modify odd-indexed samples with a weighted sum of even-indexed samples and even-ind

ighpass coefficients, the“index i of the first sample in array Y, the index i, of the sample following the last sal

Y
[
i 1D SR WS —>
(iy i) SR .
T.801(21)_FG.1

exed

pass
mple

Figure G.1 — Parameters of the 1D_SR_WS procedures

For signals of length one (i.e., ig = i1 — 1), the 1D_SR_WS procedure sets the value of X(ig) to X(ig) = Y(ig) if i 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 G.2, the 1D_SR_WS procedure
applies the 1D_FILTR_WS procedure to Y to produce the reconstructed signal, X.
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1D _SR_WS

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

Done

—

p
G.2.

Two
is re

T.801(21)_FG.2

Figure G.2-The 1D_SR_WS procedure

OTE - Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SR_WS procedure does not extend the signal prior to app
e 1D_FILTR_WS procedure. Instead, a procedure equivalent to the extension procedure is included\jn the 1D_FILTR
ocedure.

P2 The 1D_FILTR_WS procedures

lying
WS

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

PSEg (i, ig, i7) 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 o5 i, Bs, s, Ls for § =0,
1,2]..,Ns—1andk=0,1,2, .., Lg— 1.
Voip 4y Nig
o, B, 6L, D FILTR WS ",
T.801(21)_FG.3
Figure G.3 — Parameters of the 1D_FILTR_WS procedure
The LD_FILTR_WS procedure starts with the following N| g lifting steps, where the variable s decreases from N s+ 1 to
zero|(fors=Nis—1, N s—2, .. 1,0):
sl g s—(2k s+(2k s
V(2n +m,) =ViZn +m,) - (Zk_o sk (V(PSEp (2n+ms—(2 +21§S))+V(PSEO(2n+m +(2 +1)))))+p’ (G-2)
where my, ., =\Mn; and mg = 1 —myg,, indicates whether the sth lifting step updates even-indexed coeffidients
(mg F 0) or odd-indexed coefficients (mg = 1), where Lg is the number of lifting coefficients for lifting step s, and where
the rangelofin is defined by ig < 2n + mg <iy.
The IG:UCD Uf \VI(:’\) DUb:I t: IClt IO = :\ Il fUI LI} thc uutput ‘VAV’(:’\) Uf t: IT 1D_l':i LTR |JI UbCUIuI C.
W(k) =V(k) (G-3)

G.2.2.2.2 The irreversible one-dimensional reconstruction (1D_FILTR_WS) procedure

As shown in Figure G.4, the input parameters to procedure 1D_FILTR_WS are V, ig, i1, K, Nis, and o, Ls fors =0, 1,

2, ..

Nis—1landk=0,1,2, .., Lg—1.
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Viy iy K, Nyg
a, L, ID FILTR WS v,
T.801(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 + D)foriy < 2n+1 < i;

The LD_FILTR_WS procedure then performs the following N s lifting steps (for s =N g—1, Ng— 2, ... { 1,0):

V(g +mg) =VEn+m) — (T ag (V (PSEo(2n+m, — (2k + 1)) + V (PSE,(2n 4 + (2K + 1))

(-5)

(G-6)

whefle my, . | = My and mg = 1 —my,, indicates whether the s" lifting step @pdates even-indexed coeffidients
(ms F 0) or odd-indexed coefficients (mg = 1), where Ls is the number of lifting cegfficients for lifting step s, and vwhere

the range of n is defined by ig < 2n + mg < iy.

The Yalues of V(K) such that iy < k < i; form the output W(k) of the 1D_FILCTR_WS procedure:

W (k) = v(k)

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

(G-7)

The pne-dimensional sub-band decomposition procedure 1D_SD_WS is implemented as a sequence of primitive lifting
stepg, 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.L The 1D_SD_WS procedure (informative)

As iljustrated in Figure G.5, the 1D_SD:\WS procedure takes as input a one-dimensional array, X, the index iq of thg first
sample in array X, and the index ij of the sample following the last sample in array X. They produce as output an grray,

Y, of{interleaved lowpass and highpass coefficients, with the same indices (ig, i1).

X
_—
(i iy) e

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 value of Y(ig) to Y(ip) = X(ig) 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 < i; — 1), as illustrated in Figure G.6, the 1D_SD_WS procedure

applies the 1D_FILTD_WS procedure to X to produce the decomposed signal, Y.
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G.3.

Twolversions of the decomposition procedures are specified, depending on whethercthe transformation is reversih
WT_Typ = REV or IRR). In the following two subclauses, the function PSEg{))equals the function PSEq(i, i, i1)
specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

not

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,

and

The

withjs = 0):

where my, ., =W, and my = 1 —mg_, indicates whether the sth lifting step updates even-indexed coeffig

(ms

the rainge-otnis defined by ig < 2n + mg <iy.

The

NOTE — Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SD_WS procedure does not extend the signal prior to apg

procedure.

ISO/IEC 15444-2:2021 (E)

ID SD WS

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

Done

T.801(21)_FG.6

Figure G.6 — The 1D_SD_WS procedure
e 1D_FILTD_WS procedure. Instead, a procedure equivalent to the extension procedure is included|in the 1D_FILTD

P The 1D_FILTD_WS one-dimensional decomposition procedure (informatiyve)

Qs ko Ps &, Lsforfors=0,1,2,...,Njs—1landk=0,1,2, .- 1.
Viy iy Nyg
o, B el IDSFILTD WS v,
T801(21)_FG.7

Figure G.7 — Parameters of the 1D_FILTD_WS procedure

eversible 1D_FILTD_WS procédure consists in the following Ny g lifting steps (fors=0, 1, 2, ..., N g — 1, st3

(2120 as e (V(PSEQ(2n+mg—(2k+1)))+V (PSEQ (2n+ms+(2k+1)))) ) +Bs

28s

V(2n+ mg) =V @n +m;) +

7 0) or add~indexed coefficients (mg = 1), where L; is the number of lifting coefficients for lifting step s, and

lying
WS

le or

Nis,

rting

(G-8)

ients
here

h the

alues W(K) = V(k) form the output W(k) of the 1D FII TD WS procedure. The output values are the values i

range ip <k <ij.

G.3

.2.2 The irreversible one-dimensional decomposition procedure (1D_FILTD_WS) (informative)

As shown in Figure G.8, the input parameters to the irreversible version of procedure 1D_FILTD WS are V, i, iy, K,

Nis

yand og, Lsforfors=0,1,2,...,Nis-1andk=0,1,2,.., Ls—1.
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V iy iy, K, N
W
oL ID _FILTD WS —
T.801(21)_FG.8

Figure G.8 — Parameters of the 1D_FILTD_WS procedure

The 1D_FILTD_WS procedure performs the following N g lifting steps (fors=0, 1, ..., N s — 1, starting with s = 0):

Vn+mg) = V(2n+mg) + (X5 agr - (V(PSEg(2n + mg — (2k + 1))) + V(PSEy(2n + mg + (2k + 1)))))

G-9)

where my, ., = My, and mg =1 —m,_, indicates whether the st lifting step updates even-indexed-coeffia

(ms 3
the r

The

The
rang

G4

Exarn
that

Both
and §

G.4.
Typi
G.4.

The
reve

E 0) or odd-indexed coefficients (mg = 1), where L is the number of lifting coefficients for lifting step s;and W
hnge of n is defined by ig <2n + mg < ij.
ID_FILTD_WS procedure ends with two scaling steps:
V(2n) = (1/K) - V(2n)foriy < 2n < i; (q
andV(2n+1) =K - V(2n + 1)foriy < 2n + 1 &4 (d

values W(k) = V(k) form the output W(k) of the 1D_FILTD_WS procedure. The output values are the values i
P ig <k <ij.

Examples of WS wavelet transformations (informative)

hples of wavelet transformations are specified in terms of\their signalled values, as listed in Table G.1. Param
pceur in sequences (e.g., Lg, =0, ..., N s — 1) are enumerated in order of increasing index.

examples are mathematically equivalent to transfermations already defined in Rec. ITU-T T.800 | ISO/IEC 154
re provided solely for didactic purposes.

[ Reversible WS wavelet transformiations (WT_Typ = REV) (informative)

cal values for the Bs parameter are 2551,

[.1 Reversible 5-3 wavelet.transformation (informative)

fransformation specified-by-the parameter values found in Table G.2 is mathematically equivalent to the dg
sible transformation spegified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

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

ients
here

5-10)

b-11)

n the

eters

44-1

fault

82

Parameter Value(s)
Minit 0
Nis 2

Ls 1,1
Ok ag,0=-1
OLL 0 =1

£ 1,2

Bs 1,2
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The first decomposition step (s = 0) is specified with negative lifting coefficients and an additive residue of 1. This
apparent difference with the Rec. ITU-T T.800 | ISO/IEC 15444-1 definition is necessitated by the fact that decomposition
updates are systematically added to the input vector by the procedures of this annex whereas the first reversible
decompoasition lifting step in the definition of Rec. ITU-T T.800 | ISO/IEC 15444-1, clause F.4.8.1, subtracts its update.
The corresponding reconstruction lifting steps also differ in the sign of their updates. The transformation specified by the
above parameter values is, however, mathematically equivalent to the Rec. ITU-T T.800 | ISO/IEC 15444-1 definition of

the reversible 5-3 wavelet transformation.

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

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

e D " el 49 HM [y £ -
dlIC G.0o — Fardlficicr s Ur i€ Lo=/7 TEVCETSIUIC Waveict traristoriratiurt

Parameter Value(s)
Minit 0
Nig 2
Ls 2,2
OLS’k (X.OY k= *9, 1
A1 k= 5, -1
€ 4,4
Ps 8,8

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

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

Tablp G.4 shows the parameters for the irreversible version of the\Rec. ITU-T T.800 | ISO/IEC 15444-1 reversiblg
wavalet transformation specified in clause G.4.1.1:

Table G.4 — Parameters of the 543 irreversible wavelet transformation

Parameter Value(s)
Minit 0
Nis 2
L 1,1
1
Olg k —
Xo,0 2
_ 1
a0 = 2
K 1

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

Tablg G4 _gives the parameters of the 7-5 irreversible wavelet transformation.

© ISO/IEC 2021 - All rights reserved
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Table G.5 — Parameters of the irreversible 7-5 wavelet transformation

Parameter Value(s)
Minit 0
Nis 3
Ls 1,1,1
2
Qs k I
%00 =75
175
%10~ " 706
6090
%20 = 3500
K 116
100

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

This| is the default irreversible wavelet transformation specified in Rec. ITU-T T.800 | YSO/IEC 15444-1} the
trangformation specified by the following parameter values is mathematically equivalent-to the Rec. ITU-T T.800 |
ISO/JEC 15444-1 transformation. Exact expressions for the values given by decimal appreximations in Table G.6 can be

founf 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
Nis 4
Ls 1,1,1,1
Ols o, o = —1.586 134 342 059 924
oy o =-0.052 980 118 572 961
oy o =0.882 911 075 530 934
ag, o = 0.443 506 852 043 971
K 1.230 174 104 914 001
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Annex H

Transformation of images using arbitrary wavelet transformations

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

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

imp

lementations shall duplicate.

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

ITU

1D_
anne

H.1 Wavelet transformation parameters and normalizations

T'I'Of\f\l 1ICANCA 104449

dure

Th al afithic A= £ tha al
VT TOUNTLY LI5S L. TTIC IIII.CIIIG.I DLI UULUIC Ul l.IIIO C/\I.CIIDIUII UIIICIO IIUIII uic IIII.CIIIC\I OLIU\:LUIC UI PIU\J

bR in Rec. ITU-T T.800 | ISO/IEC 15444-1 because of the greater generality of this annex. The proceduretir

this

K, 1D_SR_ARB, is specified as a sequence of lifting steps, each of which involves a signal extension operation and
an update operation. A scaling operation is performed in the case of irreversible wavelet transformations. Synt
specified whereby an implementation may use wavelet transformations signalled in the codestream by, thelencoder.

BX IS

Table G.1 lists filter parameters for wavelet transformations that are signalled in the codéstream. Signalling for these
parafeters is included in the ATK marker segment (see clause A.3.5). Table H.1 lists additional parameters containgd in
the ATK marker segment that are used exclusively in this annex.
Table H.1 — Additional parameters for arbitrary wavelet\transformations
Harameter tag Meaning Value(s)
Exten Boundary extension method used in lifting steps constant (CON)
whole-sample symmetric (WS)
offy Offset for lifting step s 8-bit signed integer:
defined for0 <s<Nyg
H.1.L  Normalization of ARB wavelet transformations
The procedures specified in this subclause apply onlyyin the case of ATK marker segment for which Filt_Cat = ARB| The
parameter Dg defined in clause G.2.1 represents.the sum of the lifting coefficients for step s, 0 <'s < N g (normalizgd in
the cpse of reversible transformations). Thisparameter is redefined in this annex as follows:
Dy = Y350 ag (ifWT_Typ = IRR
Lg—1.
= e Zk o fWT_Typ = REV
The pormalization requirements in clause G.2.1 remain as specified, using the above redefinition of Ds.
H.1.p  Compatibility of ARB and WS wavelet transformations
The fransfarmations defined in this annex constitute an extension of the transformations defined in Annex G. The optput
prodliced\by the procedures in Annex G using an ATK marker segment specifying Filt_Cat = WS is equal to the opitput
produced by the procedures in this annex if the ATK marker segment is interpreted by setting the extension optipn to

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

1) Duplicate the sequence of lifting coefficients: define @y, = ag) fork=0, .., Ls—1.

2) Reverse the first half of the extended sequence of lifting coefficients: set a,, = ag,; .—1-x for k=0,...,

Le—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 = 2L.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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H.2 Arbitrary (ARB) wavelet transformation reconstruction procedures

The procedures specified in this subclause 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
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 ig of the first sample in array Y, and the index i of the sample following the

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

Yy i,
WT Tp 1D SR_ARB(Y) X,
T.801(21)_FH.1

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

For gignals of length one (i.e., ig = i1 — 1), the 1D_SR_ARB procedure sets the value-0f'X(ip) to X(ig) = Y(ig) if ip
even|integer, and to X(ig) = Y(ig)/2 if i is an odd integer.

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

is an

dure

applies a scaling step in the case of irreversible transformations (WT_Typ =/RR) and then applies a sequence of l{fting

stepq, defined by the parameters from Tables G.1 and H.1, to produce thé.econstructed signal, X. The variable s,
indexes the lifting steps, decreases from N s — 1 to zero in the reconstruction process.

hich
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ID SR_ARB(Y)

T Typ = REV?> Y Y(i) = Y(i )2

iNo

1D_SCALER(Y)

bi

A

§s=N;¢1
mx = mfriil
»
Y A
Yes
§<0? return X =¥
No T.801(21)_FH.2

1D STEPR(s,Y)

Figure H.2 — Extended procedure 1D_SR_ARB

H.2.2  The 1D_SCALER procedure

wn in FigureH.3, procedure 1D_SCALER applies a scaling procedure to interleaved input vector V using signalled

As S:LO
parameter K from Table G.1 and produces an updated version of vector V with the same indices (ig, i1). This proceddire is

usedfonly, in-irreversible transformations.

Vi,
X ID SCALER -,
- =
T801(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)fori, < 2n < i (H-1)
andV(2n+1) = (1/K) - V(2n+ Dforip <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 (ig, i1).

A
4
s, Exten, WT _Typ 1D_STEPR v,

T.801(21)_FH.4

Figure H.4 — Parameters of the 1D_STEPR procedure

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

ID STEPR(s, V)

v

ext

= ID_EXT WS(¥)

V,,=1D_EXT_CON(¥)

1D UPDATER REV(s, V.

ID_UPDATER_IRR(s, V,, V) WT Typ = REV? o V)

Done

T.801(21)_FHp

Figure H.5 — Procedure 1D_STEPR

H.2.4  Extension procedures

The exact manner in which extended samples are accessed in a realization of this Recommendation | International
Standard (e.g., by copying extended arrays, by buffering, by indirect addressing, or by some other strategy) is
implementation-dependent. This subclause 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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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, ijeft and irignt, for lifting step s are
defined to be the smallest non-negative integers such that the interval [ig — ijef, i1 — 1+irighe] 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 iy and iy, the update characteristic, mg, 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.

TahlaH 2  Minimum laft ovtancion lenath
et v HRHT e Ete RSO e RgH

Ijeft: ms =0 ms=1
igeven -1 — 20ff —20ffg
igodd -2 — 20ff; 1 — 2o0ff;
Table H.3 — Minimum right extension length
Iright: ms =0 ms =1
i;even 2(Lg— 1 + offy) -1+ 2(Ls =Y+ offy)
i; odd 1+2(Ls— 1 + offy) —2 +2fkg — 1 + offy)

H.24.2 1D _EXT_WS procedure

As shown in Figure H.6, the 1D_EXT_WS procedure accepts as input a’vector V supported on an interval (ig, i1} and
outplits a vector Veyt supported on a larger interval containing values of i beyond the range ig < i < i;. Except fqr the
minimum extension lengths, ijeft and irignt (Specified above in clause.H.2.4.1), this procedure is identical to the 1D_EXTR

procgdure defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause,F.3.7. This procedure does not modify its input véctor,
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 1D _EXT_CON procedure

As shown in Figure H.7, the 2D EXT_CON procedure accepts as input a vector V supported on an interval (ig, i1) and
outplits a vector Veyt supparted on a larger interval containing values of i beyond the range ig < i < i;. The minimum

extension lengths required, for an extension created by procedure 1D_EXT_CON are specified above in clause H.2.4.1.
This|procedure does-hotmodify its input vector, V.

Vi, i, Vowt
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.

Foripg<i<iy:

Vexe (1) =V (i)
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For k > 1:

Vext (lo — 2k) =V (io)
Vext(io + 1- Zk) = V(I‘O + 1)
Vst (i1 =14+ 2k) =V(i; — 1)

H.2.5 One-dimensional reconstruction update filtering procedures

Two
and
subs

take
indid

H.2.

Proc
sum

show

The

for a

reconstruction update filtering procedures are defined, one for reversible transformations (1D_UPDATER“H
bne for irreversible transformations (1D_UPDATER_IRR). Reconstruction steps are defined recursively,as 4

as input an interleaved input vector V and produce as output an updated version of vegtor<V with the
es (io, 7).

b.1 Reversible one-dimensional reconstruction update (1D_UPDATER_REV) procedure

Figure H.8 — Parameters of thexID _UPDATER_REV procedure

[D_UPDATER_REV procedure performs-the following update filtering operation:

(Eii_ol sk Vext(2n+1-mgs+2 (k+0ffs)))+ﬁs

28s

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

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

bguence updates (mg = 0) or odd-subsequence updates (ms = 1), beginning with step number N| s — 1, whose uxdate
chargcteristic is signalled in Table G.1 by the mjy;; parameter, and recursing downward: mg_; = 1 — mg _Both proce

EV)
vVen-

ures
baime

H.8

bdure 1D_UPDATER_REV modifies either the even- or the odd-indexed subsequence in vector V by a weighted
of samples from the extended sequence, Ve, after applying a rounding operation’to the weighted sum. Figurg
s the input parameters to procedure 1D_UPDATER_REV.
V’ i[l’ i]’ Ve.\'i
o my L, ID_UPDATER REV AN
ﬂ.\'.k’ BA’ E\'
T.801(21) FH.8

(H-3)

H.2.5.2 Irreversible one-dimensional reconstruction update (1D_UPDATER_IRR) procedure
Procgdure 1D_UPDATER_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
of samples from the‘extended sequence, Vey:. Figure H.9 shows the input parameters to procedure 1D_UPDATER_|RR.
V’ i[l’ i]’ V('\'r
_oeme Ly ID_UPDATER_IRR -,
Uk
e
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) =V(2n+mg) — Y55 @gp - Vere2n+ 1 —mg + 2(k + of £5)) (H-4)

for a

90

Il nsuch that ig < 2n + mg < ij.
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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 i, 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 (ig, i1).

X iy 0 -
WT_TVP 1 D_SD_ARB —YF
T.801(21)_FH.10

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

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

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

Yes > iy even? Yes
No
s=0 X(i)=2X(i)
Y
1D STEPD(s, X)
Moy =1—m, ID SCALED(Y)
s=s5tl -
le Y v
v
rettgn ¥ =X
Done
T.801(21)_FH.11
Figure H.11 — Extended procedure 1D_SD_ARB
H.3.2  The 1D_STEPB“procedure (informative)
As shown in Figure H:12, procedure 1D_STEPD applies one decomposition lifting step to input vector V and produces
an updated version’of vector V with the same indices (i, i1).
V, iy i,
v
s, Exten, WT Tvp ID_STEPD —
——
T.801(21)_FH.12

Figure H.12 — Parameters of the 1D_STEPD procedure

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

Figure H.13 — Procedure 1D_STEPD

B Extension procedures (informative)

specified in clause H.2.4, including the specifications of minimum extension lengths.

H.3

4 One-dimensional decomposition update procedurgs{informative)

Twol|decomposition update filtering procedures are defined;, one for reversible transformations (1D_UPDATED _H

and

bne for irreversible transformations (1D_UPDATED) IRR). Decomposition steps are defined recursively as ¢

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

aso

H.3

Proc

Ytput an updated version of vector V with the same indices (i, i1).

4.1 Reversible one-dimensional degomposition update (1D_UPDATED_REV) procedure (informative)

sum pf samples from the extended sequence, Vey, after applying a rounding operation to the weighted sum. Figure
shows the input parameters to procedure 1D_UPDATED_REV.

The

Vi i,V

off, m, L,

O:.f.k’ B 5y &

ID UPDATED REV A

T.801(21)_FH.14

Figure H.14 — Parameters of the 1D_UPDATED_REYV procedure

V,.,=1D_EXT CON(V) V,,=1D_EXT WS(V)
No _ Yes
ID_UPDATER_IRR(s, V,,, V) < WT Typ=REN » ID_UPDATER _REV(s, ¥V, , ¥}
Done
T.801(21)_FH.1p

extension procedures 1D_EXT_CON and 1D_EXT_WS shown“in Figure H.13 are identical to the proceglures

REV)
ven-
duce

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

H.14

1D_UPDATED_REV procedure performs the following update filtering operation:

(BR85! s e Vext(Zn+1-mg+2(k+0f £)) ) +Bs

V2n+mg) =V(2n+my) + = (H-5)

28s

for all n such that ig < 2n + mg <iy.
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H.3.4.2 Irreversible one-dimensional decomposition update (1D_UPDATED_IRR) procedure (informative)

Procedure 1D_UPDATED_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
of samples from the extended sequence, Vex:. Figure H.15 shows the input parameters to procedure 1D_UPDATED_IRR.

V' i[l’ i]’ Vc’xi
off, m, L
_Aem L, | ID_UPDATED IRR SN
a.\‘,k
—
T.801(21)_FH.15

Figure H.15 — Parameters of the 1D_UPDATED _IRR procedure

The ID_UPDATED_IRR procedure performs the following update filtering operation:

Vn+mg) =V(2n+mg) + X550 @gp - Vee2n+ 1 —mg + 2(k + of £5)) (H-6)

for aJl n such that ig <2n + mg <iy.

H.3.p  1D_SCALED procedure (informative)

As shown in Figure H.16, procedure 1D_SCALED applies a scaling procedurecto-interleaved input vector V yising
signglled parameter K from Table H.1 and produces an updated version of vector'V"with the same indices (ig, i1).|This
procgdure is used only in irreversible transformations.

Vi i,
X ID_SCALED v,
_
T.801(21)_FH.16

Figure H.16 — Parameters ofithe 1D_SCALED procedure

The LD_SCALED procedure performs the following scaling operations:

v(zn) = (%) - v@n) for iy < 2n <1y (H-7)

andV(2n+1)=K-V(2n+ 1) for iy <2n+1<i, (H-8)

H.4 Examples of ARB wavelet transformations (informative)

Examples of optienal wavelet transformations are specified in terms of their signalled parameters, as listed in Table$ G.1
and H.1. Parapteters that occur in sequences (e.g., Lg, s=0, ..., N g — 1) are enumerated in order of increasing inde

o~

H.4.1 «EXamples of arbitrary wavelet transformations (Filt_Cat = ARB) (informative)

All df the example wavelet transformations presented in this subclause are based on linear phase wavelet transformations
of the type known as "half-sample symmetric". The equivalent convolutional filters have even-length impulse responses,
with symmetric lowpass impulse responses and antisymmetric highpass impulse responses.

H.4.1.1 Reversible ARB wavelet transformations (WT_Typ = REV) (informative)

H.4.1.1.1 The reversible Haar 2-2 wavelet transformation (informative)

Tables H.4 to H.6 provide information on reversible ARB wavelet transformations Haar 2-2, 2-6 and 2-10.
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Table H.4 — Parameters of the reversible Haar 2-2 wavelet transformation

Parameter Value(s)
Minit
Nis
Ls 1,1
Qs k 0, 0= -1
a3 0=1
€ 0,1
o o1
Ps 6%
Exten CON
offs 0,0

H.4.1.1.2 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 1,1,3
s k og o=-1
apo=1
ap =1,0,-1
£ 0,1,2
Ps 0,1,2
Exten CON
offs 0,0,-1

H.4.1.1.3 Reversible 2-10 wavelet transformation (informative)

Table H.6.% Parameters of the reversible 2-10 wavelet transformation

Parameter Value(s)
Minit 1
Ls 1,1,5
s k ag o=-1
a30=1
322223
& 0,1,6
Ps 0,1,32
Exten CON
offs 0,0,-2

H.4.1.2 Irreversible ARB wavelet transformations (WT_Typ=IRR) (informative)

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

Tables H.7 and H.8 provide information on irreversible ARB wavelet transformations 6-10 and 10-18.
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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
Qs k Oo, 0= -1
oy o= 1,586 134 342 06
ap, = —0,460 348 209 828,
0,400 345 209 828
a3 0 = 0,25
oy k= 0,374 213 867 768,
-0,374 213 867 768
oz, k = —1,336 134 342 06
ag, k= 0,293 067 171 03,
0,
-0,293 067 171 03
K 1
Exten WS
offg 0,0,0,-1,9;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
Nig 11
Lg 1,1,2,1,2,1,2,1,2,1,5
Ois k ag o= -1
ag o= 0,997 150 691 05
op k= —1,005 731278 27,
1,005731 278 27
az o= —0,270403576 31
o4 k= 2,205099 723 43,
—2,205 099 723 43
o5 0= 0,080599 957 36
ag k= —1,626 825323 50,
1,626 825 323 50
a7 0= 0520403576 31
og k= 0,604 046 642 50,
—0,604 046 642 50
ag o= —0,827 750 648 41
up k= —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
offs 0,00,-10,00,-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) = [x;f s

vn, y,=x,

my = (‘ULO
k=0
j=0

] for reversible transformations.

(Initializations)

v

Vn, Vo1 T Vo1 — R- 0”2»’#]—”1,,)

Yes

No

Vi, Yo = Yoy — R- (GO,] : y2n+mi)
m,

i
B(Lj - J
(1-2 Z )
i=0
V0 Yair = Vo — R (Bo,j' V2 = Y2p2))
i=it+l1

m;=-m;

J

v

—1

2By so
V7, Y2y = Yot RAG - Vapr)

)y, =y, t R Z O 15 Wit 2~ Vo)
=0

l

k=k+1

v

No

Yes

(high-pass lifting step)

(low-pass lifting step)
(high-pass lifting step)

(low-pass lifting step)

(low-pass lifting step)

T,—1

Vn, Va1 = Vay +R Zuzf\‘:] ) (yZJr?_/ 7.1}2n+2j))
i=0

l

k=k+1

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

Single sample overlap discrete wavelet transform, 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 S1Z
marker segment parameter Rsiz (see clause A.2.1).

1.1
This

The
mem
imag

The
wav
bloc

The
whic
1.2

The
then
follo

1.2.1
This

Introduction to single sample overlapping

annex specifies three possible extensions.

code-block anchor point (CBAP) extensions concern the partitioning of sub-bands into coderblocks, and efable

ory-efficient implementations of the DWT, as well as memory-efficient geometric manipulations of compr
e data (90°, 180° and 270° rotations, and mirror operations).

single sample overlap (SSO) extension (see 1.3.1 and 1.3.2) concerns the independént-application of the dig
let transformation to blocks of samples which overlap by one row and one column;Which enables a low-me
-based implementation of the discrete wavelet transformations, both forward and.inverse.

ile single sample overlap (TSSO) extension (see 1.3.1 and 1.3.2) concerns the partitioning of images into image
h overlap by one row and one column of samples.

The code-block anchor points (CBAP) extension

parameters z, and z, are signalled in the Scod marker parameter (see clause A.2.3). If they are both equal to
no modification need be made to Rec. ITU-T T.800 | ISOAEC 15444-1. If either of z, and z is equal to 1, the
Wwing modifications to annexes of Rec. ITU-T T.800 | ISO/IEC 15444-1 need to be made.

Division of resolution levels in precincts

subclause replaces Rec. ITU-T T.800 | ISO/IEC"15444-1, Clause B.6.

pssed

Crete
mory

tiles

7€ero,
h the

Condider a particular tile-component and resolution level whose bounding sample coordinates in the reduced resolfition
image domain are (trxg, tryp) and (trxq—1,:try;—1), as already described. Figure 1.1 shows the partitioning of thid tile-
component resolution level into precincts. The precinct is anchored at location (zy, zy), so that the upper left hand cprner
of arfy given precinct in the partitionis located at (z, + m - 2PPX, zy+n- 2PPY) where m and n are integers, and PP and
PPy fare signalled in the COD_or.COC marker segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.1 and
A.6.2). PPx and PPy may be\different for each tile-component and resolution level. PPx and PPy shall be at least [1 for
all rgsolution levels except.r-= 0 where they are allowed to be zero.
PPX
d 2 »
(Z.\" Zl) h g
(frxg, ry,) \
r 3
5:3 Ko | kI | K2 | K3
v
K4 K5 K6 K7
(trx—1, try,—1)
K8 K9 K10 | K11
2|
T.801(21)_FI.1
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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)
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number of precincts which span the tile-component at resolution level, r, is given by:

trxq —zx] ltrxo —Zyx

, . trx, > trx
numprecinctswide = ([ 2PPx 2PPx J ’ 1 0

0, otherwise

tryl—zyl ltryo—zyJ

. . - , try; > tr
numprecinctshigh = ([ 2PPy 2PPy 71 Yo
0, otherwise

1 (E)

(I-1)

(I-2)

Even if Equations I-1 and I-2 indicate that both numprecinctswide and numprecinctshigh are nonzero, some, or all,

preci

=hnu
appe;

15444-1, Clause B.12.

The

left gnd lower-right corners (px,, py,) and (px;- 1, py;- 1)given by the following equations, whengever px; > px,

by1

wherfe trx,, try,, trx, and try, are defined in Rec. ITU-T T.800 | ISO/AEC 15444-1, Formula (B-14).

This
right

wherle xop, and yop, aré\given in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table B.1.

It cal
cont
to th
(see

ncts may still be empty as explained below. The precinct index runs from 0 to numprecincts — 1 where numprecincts

mprecinctswide - numprecinctshigh in raster order (see Figure 1.1). This index is used in determining the ord
brance, in the codestream, of packets corresponding to each precinct, as explained in Rec. ITU-T T.800.] ISO

partition element associated with integers m and n has a corresponding precinct within the codestream,‘having u

> PYo-
pxo = max{trx,, z, + m - 2PP*}

pyo = max{try,,z, +n - 2PP¥}

px, = min{trx,, z, + (m + 1) - 2PP*}

py: = min{try,, z, + (n + 1) - 2P}

precinct maps into the three sub-bands (N —r + 1)HL, (N —r +:L)LH and (N, —r + 1)HH with upper-left and I
corners (pXg, pYo) and (pbxy — 1, pby; — 1) where:

pbx, = [@] + (1 —x0p)z,
phy, 22222 4 (1 - yo,)z,

pbx, = [ml;ﬂ] + (1 —x0p)z,

1_
pby, = [222%] + (1 - yo,)z,

N happen thatia precinct is empty, meaning that no sub-band coefficients from the relevant resolution level act
ibute to.the'precinct. This can occur, for example, at the lower right of a tile-component due to sampling with re
b reference grid. When this happens, every packet corresponding to that precinct shall still appear in the codest]
Rec. FTU-T T.800 | ISO/IEC 15444-1, Clause B.9).

er of
IEC

Dper-
and

Wer-

(1-3)

(1-4)

(1-5)

(1-6)

Lially
Epect
Feam

1.2.2
This

Division of the sub-bands into codeblocks
subclause 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 (zy, 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 at y =z, + m - 2YeD" and all first
columns of code-blocks are located at x = z, + n - 2*®’ where m and n are integers.
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Figure 1.2 — Codeblocks-and precincts in sub-band b from four different tiles

Resolution level-position-cemponent-layer progression
subclause replaces Rec. ITU-T 7.800 | ISO/IEC 15444-1, clause B.12.1.3.
lution level-position-component-layer progression is defined as the interleaving of the packets in the following 0
pr each r =0, ..., Npmax
for each y =tygi.. , ty1—1,
for each x = txg, ..., tX1-1,

foreachi=0,..., Csiz-1

rder:

NOT

if ((y — z,) divisible byYRsiz(i) - 2PPYTD+NLO-T) OR ((y = tyg) AND ((try, — z,) - 2NL®O-"

divisible by 2PPY(rD+NL(H=TY)

if ((x — z,) divisible byXRsiz(i) - 2PP*T:D+NL(D-T) OR ((x = txg) AND ((trx, — zy) - 2M:®~ NOT

divisible by 2PPX(mD+NLD-TY))
for the next precinct, k, if one exists,
foreach1=0, ..., L-1

packet for component i, resolution level r, layer |, and precinct k.

In the above, k can be obtained from:

100
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X—Zx l [ y-zy
o~ N —1 i .o Np—1 —
_ || XRsiz@i)-2""L trxo—2Zx . . . YRsiz(i)-2"'L tryo—2zy
k=\""men |~ lZPPx(r,i)J +numprecinctswide(r, i) - PPy |~ [2PPymD

Position-component-resolution level-layer progression

This subclause replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.4.

Position-component-resolution level-layer progression is defined as the interleaving of the packets in the following order:

for eachy = tyg, ..., ty1—1,

for each X = txa txa—1
Oty

In thg above, k can be obtained from Equation I-7. To use this progression, XRsiz and YRsiz values shall be powers o

foreachi=0, ..., Csiz-1
foreach r=0, ..., N_ where Ny_is the number of decomposition levels for component i,
if ((y - zy) divisible by YRsiz(i) - 2PPYD+NL(O=T) OR ((y = tyg) AND ((try, —zy) - 2NeO~7
divisible by 2PPY(D+NL(H-TY)

if ((x— zy) divisible by XRsiz(i) - 2PP*"D+NLD-T) OR ((x = tg) AND((trx, — z,) - 2VLO-T
divisible by 2PPX(mD+NL(D=T))

for the next precinct, k, if one exists, in the sequence shown inFigure 1.1
foreach1=0,...,L-1

packet for component i, resolution level r, layer |, and precinct k.

(I-7)

NOT

NOT

f two

for epch component. A progression of this type might be useful in praviding high sample accuracy for a particular spatial

location in all components.

1.2.5
This

Component-position-resolution level-layer progression is defined as the interleaving of the packets in the following d

foreachi=0,..., Csiz-1

Component-position-resolution level-layer progression
subclause replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.5.

for eachy = tyg, ..., ty;—1,
for each x = txg, ..., tX1—1,
foreach r =0, ... ,'Ny where Ny is the number of decomposition levels for component i,

if ((y — zy)divisible by YRsiz(i) - 2PPY@D*MLOT) OR ((y = tyg) AND ((try, — z,) - 21077
divisiblelby 2PPY DL -TY)

i ((x ~2,) divisible by XRsiz(i) - 2°P+C:0*N5(0=7) OR ((x = txg) AND ((trxy — ,) - 2"+
divisible by 2PPX(mD+NL(D=TY)

for the next precinct, k, if one exists, in the sequence shown in Figure 1.1

rder:

NOT

NOT

foreach1=0,..,L-1

packet for component i, resolution level r, layer |, and precinct k.

In the above, k can be obtained from Equation I-7. A progression of this type might be useful in providing high accuracy

fora

1.3

particular spatial location in a particular image component.

The SSO extension

This subclause applies only if the SSO extension is selected. The selection of the SSO extension is signalled in the
extended COD and COC markers (see clause A.2.3) and is only applicable to WS wavelet transformations (i.e., Filt_Cat
= WS). The parameters relevant to the SSO extension XC, YC are signalled in the COD and COC extended marker
segment.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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1.3.1 Single sample overlap inverse discrete wavelet transformation (SSO-IDWT)

The selection of the SSO extension requires a modification of the 1D_FILTR_WS filtering procedure described in clause
G.2.2.2 (the 1D_FILTR_SSO procedure), as well as a modification of the IDWT, 2D_SR, HOR_SR, VER_SRand 1D_SR
procedures described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause F.3: the IDWT_SSO, 2D_SR_SSO,
HOR_SR_SSO, VER_SR_SSO and 1D_SR_SSO procedures. These modifications are specified in this subclause.

1.3.1.1 The IDWT_SSO procedure

The IDWT_SSO procedure (illustrated in Figure 1.3) starts with the initialization of the variable lev (the current
decomposition level) to N, of the variable XCy, to XC /2" and of the variable YCy, to YC /2", where XC and YC are
given in the COD/COC marker, in the SSO offset portion. The 2D_SR_SSO procedure (described in clause 1.3.1.2) is
performed at every level lev, where the level lev decreases at each iteration, until iterations are performed. The
2D_$R_SSU procedure Is iterated over the levLL, levLX or 1ev.XL sub-band produced at each iteration. Finally, the]sub-
band|ag | (UgLL, VoL L) is the output array I(X, ).

IDWT SSO
lev=N L
XC, =XC2VL
YC,. = YcM Done
> ev = 0 L 106, ) = ag,(x, )

No

Aey—1LL = 2D_SR_SSO( 115 @gtd Qpeutirs Apevtiss Yoo Uys Voo Vis XCopor YC,)

l

XC‘J(’\' -1 ZXCfm‘
‘YC"/m'— 1= 2YCfﬂ\4‘
lev=1lev—1

| T.801(21)_F1.3

Figure 1.3 — The IDWT_SSO Procedure

1.3.112 The 2D-SR_SSO Procedure

The PD_SR_SS@ procedure is identical to the 2D_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154#14-1,
clauge F.3.2y-except for the addition of the parameters XCyey, YCjey (Se€ Figure 1.4), which are respectively used by the
HOR_SR"SSO and VER_SR_SSO procedures (see 1.3.1.3 and 1.3.1.4). The 2D_SR_SSO procedure useq the

2D_INFERLEAVE procedure specified-in RecITU-T T.800 | ISO/UEC 15444.]
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1.3.43 The HOR_SR_SSO procedure

The

clauge F.3.4, except for the addition of the parameter xC, whighris used by the 1D_SR_SSO procedure (see 1.3.1.5).

1.3.44 The VER_SR_SSO procedure

The

clauge F.3.5, except for the addition of the parameter'yC, which is used by the 1D_SR_SSO procedure (see 1.3.1.5).

1.3.1}5 The 1D_SR_SSO procedure

The
clau

The
and

Let

and

de F.3.6, except for the addition-of‘the parameter dC (which is an input to the 1D_FILTR_SSO procedure) an

ISO/IEC 15444-2:2021 (E)

2D SR _SSO

a=2D_INTERLEAVE(a,,,,;, @puyis Qg Dievtrm Yoo Uy Vos Vi)

!

a=HOR SR SSO(ag Mo, U, Ve V., X(“m\

|

=VER_SR_SSO(a, ty, tt;, vy, v, YC,,,)

ey~ 1LL

Done

T.801(21)_F1.4

Figure 1.4 — The 2D_SR_SSO procedure

HOR_SR_SSO procedure is identical to the HOR_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154

VER_SR_SSO procedure is identical to the VER SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154

1D_SR_SSO procedure is identical to the 1D_SR procedure described in Rec. ITU-T T.800 | ISO/IEC 154

14-1,

14-1,

14-1,
i the

repldgcement of the 1D_FILTR procedure by the 1D_FILTR_SSO procedure (see 1.3.1.6). The parameter dC is eithgr the
parameter xC (if called by the HOR_SR_SSO procedure) or the parameter yC (if called by the VER_SR_SSO procedure).
1.3.46 The 1D_FILTR.SSO procedure
|D FILTR_SS@procedure is a modification of the 1D_FILTR_WS procedure described in clause G.2.2.2. The jnput
utput parametets of the 1D_FILTR_SSO procedure are given in Figure 1.5.
X
—_—
o i ID_FILTR_SSO -,
al
T.801(21)_F1.5
Figure 1.5 — Parameters of the 1D_FILTR_SSO procedure
ko be defined by:
_ |do
ko= [32] (18
N, is defined by:
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= [az1] _ |k -
Ny = [ dC] chJ (1-9)
Subdivide the interval [ig, i — 1] into the Ny intervals 1, = [np, np+ 1] (P =0, 1, ..., Ny — 1), where nj, is defined by:

ny = ig,ny, =iy —landn, = (kg +p)dCforp=1,...,N; -1 (1-10)

For an index ily, define the function PSEq, (i) as:

PSEp (i) = PSEo(i,np,Np41 + 1) (1-11)

wherle the function PSEq(i, ig, i1) is defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

1.3.116.1 Reversible transformations

This| subclause specifies for reversible transformations the modifications of each lifting step §.as specifigd in
Equdtion G-2. The modification of Equation G-2 ensures that each coefficient V(2n + mg) is calculated exclusively ffrom
coefficients the indices of which belong to the same interval I, as 2n + ms. At each lifting step, all values V(ny) for
{nplmod(np, dC) =0;p =0, 1, ..., N;} if any, remain unmodified, while all other values V(2n# my) (i.e., for which 2n|+ mg
belogs to a single interval I,) are modified according to Equation 1-12:

(z,ﬁigl o' (V(PSEQ p(2n+ms—(2k+1)))+V (PSE0  (20HTs+(2k+1)))) )+ s

28s

V@2n+mg) =V(2n+my) — -12)

1.3.116.2 Irreversible transformations

This| subclause specifies for irreversible transformations the modifications of each lifting step s as specifigd in
Equgtion G-6. The scaling steps specified in Equations G-4 and &-5 are not modified. The modification of Equatior) G-6
ensufes that each coefficient V(2n + m;) is calculated exclusively from coefficients the indices of which belong tp the

samgq interval 1, as 2n + mg. At each lifting step, all values:V(np) for {ngimod(n,, dC) = 0; p =0, 1, ..., N}, if any, are
modijfied according to Equation 1-13:

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

where Bg is defined in Equation G-1, while’ all other values V(2n + mg) (i.e., for which 2n + mg belongs to a sjngle
interpal 1,) are modified according to Equation 1-14:

V(2R +mg) = V(2n+mg) — (S5, aox - (V(PSEo,(2n + mg — (2k + 1)) + V(PSEy,(2n + mg + (2k + 1)])))
(1-14)

1.3.2 Single sample overlap forward discrete wavelet transformation (informative)

The gelection ofthe SSO extension requires a modification of the 1D_FILTD_WS filtering procedure described in clause
G.3.2 (the 1ID2FILTD_SSO procedure), as well as a modification of the FDWT, 2D_SD, HOR_SD, VER_SD and 10 _SD
procedures\sspecified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause F.4 (the FDWT_SSO, 2D_SD_BSO,
HOR_SD~SSO, VER_SD_SSO and 1D_SD_SSO0). These modified procedures are specified in this subclause.

1.3.2.1 The FDWT_SSO procedure

The FDWT_SSO procedure (illustrated in Figure 1.6) starts with the initialization of the variable lev (the current
decomposition level) to 1, of the variable XC; to XC and of the variable YC4 to YC, where XC and YC are given in the
COD/COC marker (see Table A.9). The 2D_SD_SSO procedure (described in clause 1.3.1) is performed at every level
lev, 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

Ao (i, v) = I(u, v)

l ya

> lev>N, Yes =[ Done

No

(Aerirs Vevrins Ciertr Vo) = 2D_SR_SSO(a,, 1115 gy ), Vg, v, XCp, YC)

!

XC.'c'v =1 :XCJ‘L’\’/'Z
YC[L’I' T YCJ'(’\' /2
lev=lev+ 1

| T.801(21)_F1.6

Figure 1.6 — The FDWT_SSQ:procedure

1.3.2}2 The 2D_SD_SSO procedure

The PD_SD_SSO procedure is identical to 2D_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, ¢
F.4.4, except for the addition of the parameters XCiay,” YCiey (See Figure 1.7), which are respectively used by
HOR_SD_SSO and VER_SD_SSO procedures (seeh3.2.3 and 1.3.2.4).

1.3.2}]3 The HOR_SD_SSO procedure

(B)

ause
the

The HOR_SD_SSO procedure is identical te’the HOR_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1,

clauge F.4.4, except for the addition of'the’parameter xC, which is used by the 1D_SD_SSO procedure (see 1.3.1).

1.3.2}4 The VER_SD_SSO procedure

The VER_SD_SSO procedure_is identical to the VER_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1,

clauge F.4.3, except for the addition of the parameter yC, which is used by the 1D_SD_SSO procedure (see 1.3.1).
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1.3.2

The
claug
replg
the |
proc

1.3.2

The
and

1.3.2
This
Equ3
coeft
valug
(i.e.,

2D SD SSO

a=VER _SD_SSO(ay,._ .- ty, 1y, Vg, V1, YCo,)

!

a=HOR SD SSO(a, y,u v, v XC, )

|

(a(imvi.l.v Doyt Deut 1> Vyenrary) = 2D_DEINTERLEAVE(a, ug, 1, v, v,)

Done

T.801(21)_FL.7

Figure 1.7 — The 2D_SD_SSO procedure

5 The 1D_SD_SSO procedure

1D _SD_SSO procedure is identical to the 1D_SD procedure“specified in Rec. ITU-T T.800 | ISO/IEC 154
e F.4.6, except for the addition of the parameter dC (which-is an input to the 1D_FILTD_SSO procedure) an
cement of the 1D_FILTD_WS procedure by the 1D_FILTD_SSO procedure (see 1.3.2.6). The parameter dC is ¢
arameter xC (if called by the HOR_SD_SSO procedure) or the parameter yC (if called by the VER_SD |
pdure).

6 ThelD FILTD_SSO procedure

|D_FILTD_SSO procedure is a modification of the 1D_FILTD_WS procedure described in clause G.2.2.2. The
utput parameters of the 1D_FILTD-SSO procedure are given in Figure 1.8.

6.1 Reversible transformations

subclause specifies for-reversible transformations the modifications of each lifting step s as specifie
tion G-8. The modification of Equation G-8 ensures that each coefficient V(2n + m,) is calculated exclusively

icients the indices ©f which belong to the same interval I, as 2n + ms. As a consequence, at each lifting ste

for which 2n-+mg belongs to a unique interval 1,) are modified according to Equation 1-15:

(zisz‘ol ts o' (V(PSEQ p(2n+ms—(2k+1))) +V (PSE p (2n+mg+(2k+1)))) )+ s (
28s

V(2n'\#=mg) =V (2n + my) +

s V(np) for {npjmod(np, dC) = 0; p = 0, 1, ..., N}, if any, remain unmodified, while all other values V(2n

14-1,
0 the
ither
SSO

nput

d in
from
D, all

ms)

-15)

1.3.2

.6.2 Irreversible transformations

This subclause 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
{nplmod(np, dC) =0; p=0, 1, ..., Ni}, if any, are modified according to Equation 1-16:

106

V(np) = BSV(np) (

I-16)
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where B is defined in Equation G-1, while all other values V(2n + mg) (i.e., for which 2n + mg belongs to a single interval
Ip) are modified according to Equation 1-17:

V(2n+mg) =V(2n+m) + (T, asr - (V(PSEp,(2n + mg — (2k + 1)) + V(PSEy,(2n + mg + (2k + 1)))))

The

(1-17)
scaling steps specified in Equations G-10 and G-11 are not modified.
Y
EE——
el ID_FILTD SSO .S
[Z[
T.801(21)_F1.8

Figure 1.8 — Parameters of the 1D_FILTD_SSO procedure

1.3.3 Selection of single sample overlap parameters (informative)

The

both[forward and inverse: for example, the forward transformation may be applied independently to SSO bloc

sam
YC,

ples extracted from the image tile component. The parameters relevant to the selection©f the SSO extension are
x and zy (see 1.2.2).

1.3.3]1 Division of image tile components into overlapping SSO blocks (informative)

SSO|blocks are of width XC + 1 and height YC + 1 in the image tile compofient domain. The first and last row of a

bloc

of X[C (see Figure H.7). Two neighbouring SSO blocks overlap by eithér one row of samples (vertical neighbours)
column of samples (horizontal neighbours), or just one sample (diagonal neighbours).

1.3.3]2  Selection of tile parameters (informative)

To maximize coding efficiency, the following selection af tile parameters is recommended: mod(XTsiz, XC) = (

mod{YTsiz, YC) = 0.

To

rhaximize memory efficiency, the following<selection of encoding parameters is recommended: XTOsiz

YTOsiz = Zy.

1.3.4 SSO examples (informative)

1.3.41 lllustration in the case of-the 5-3 forward reversible transformation (informative)

The

The

First lifting step is:

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

Vere2nH 1) = Vere (20 + 1) — | |forip<2n+1<iy—1
Vet Cn+1) =V, 2n+ 1) = V,,,2n+2) for2n+ 1 =i, (

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

belection of the SSO extension enables a low-memory block-based implementation of the"wavelet transformations,

s of
XC,

SSO

are always located at multiples of YC, while the first and last column.of a SSO block are always located at mul{iples

one

and

= ZX"

-18)

-19)

-20)

second lifting step is:
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% %
N > ¥
g = £
(- n.yC I B B
: : I
| i &)
! ! =
nyC T N
(n+1).YC T i T
T’ ‘r.e;01(21)j|.9
Figure 1.9 — Position of SSO blocks
Vot 2n) =V, (2n) + lVe"t(zn_1)+Ze’“(2n+1)+21 foriy < 2n < i; —1and mod(2n,dC) # 0 -21)
Vert (21) = Vexe(2n) + [ for 2p = iy and mod¢2n, dC) # 0 -22)
Vere 2n) =V, (2n) + le for 2n = i{*>'1 andmod(2n,dC) # 0 @-23)
and V,,;(2n) = V,,.(2n)fo¥'mod(2n,dC) = 0 -24)
1.3.442 Illustration in the case of the 5-3 forward._itreversible transformation (informative)
The first lifting step is:
Ve(2n+1) =V, (2n%1) — (w) forip<2n+1<i,—1 (1-25)
Voxek2nH+ 1) =V, 2n+ 1) = V,,.(2n+ 2) for2n+ 1 = i, -26)
and Vo, 2n+1) =V, Cn+ 1) = Vo Cn) for2n+ 1 =i; — 1 -27)
The second lifting.step is:
V,5:620) =V, (20) + (Ve’““”‘”:"exf“"“)) for iy < 2n < i, — 1 and mod(2n, dC) # 0 1-28)
Vet (21) = Vexe(21) + “2822 for 2n = ip and mod( 2n, dC) # 0 (1-29)
_ Vext(2n—1) .
Vere 2n) =V, (2n) + —=— for 2n = i; — 1and mod(2n,dC) # 0 (1-30)
and & V,,.(2n) = V,,.(2n) formod( 2n,dC) = 0 (1-31)
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.3 Mlustration in the case of the 9-7 forward irreversible transformation (informative)

The first lifting step is:

Vort @2n+ 1) = Vot @0+ 1) 4 @(Viore 1) + Vot (2n + 2) ) forig < 2n+ 1< iy — 1
Vert n+ 1) =V,,.,2n+ 1) + 2aV,,;(2n+ 2) for2n+ 1 = i,

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

(1-32)

(1-33)

(1-34)

The

Vext (2

The

The

Vext (‘

and

Fecond Hiftimg Step 15t

) = Vot 2n) + B(Vere(2n — 1) + V2 + 1)) for iy < 2n < iy — 1 and mod(2n,dC) # 0
Vere 2n) = Vot 2n) + 2BV,0: (20 + 1) for 2n = iy and mod(2n,dC) # 0
Vere 2n) =V, (2n) + 28V, (2n + 1) for 2n = i; — 1 and mod( 2n{dC) # 0

and V,,.(2n) = (1 + 2B)V,,+(2n) for mod(2n,d€)-="0

hird lifting step is:

Vort @n+ 1) = Vot Cn + 1) + ¥y (Vort (20) + Ve 2 + 2))orig < 2n+ 1< iy — 1
Vert Cn+ 1) = Voo y @n 4+ 1) + 2¢V55:2n 4+ 2) for 2n+ 1 = i

and Vo, 2n + 1) = Voo o 2nN1) + 2yV,, (2n) for2n+1=i; — 1

fourth lifting step is:

n) = Vot 2n) + 6§ (Vere 2n— 1) + (Vext(Zn + 1)) for iy < 2n < i; — land mod(2n,dC) # 0(1-42)
Vere 2n) =V, (2n) + 26V, (2n + 1) for 2n = iy and mod(2n,dC) # 0

Vext®@n) = V., (21) + 26V, (2n + 1) for 2n = i; — 1 and mod(2n,dC) # 0

o (2n) S (1 +28(1+2a) +25 (1+2y(1+ 2801 + 2a)))> V... (2n) for mod(2n, dC) = 0

The gcaling steps are the same for all coefficients.

1.4

(

The TSSO extension

-35)

-36)

-37)

-38)

-39)

-40)

-41)

-43)

-44)

-45)

This subclause 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 row and one column only.

1.4.1

Signalling for the TSSO

The selection of the TSSO extension is signalled in the extended COD and COC markers (see clause A.2.3). If the
SSODWT is used with TSSO, then only wavelet transformations (reversible or irreversible) which use WS wavelet filters

(ie.,

© ISO/IEC 2021 - All rights reserved
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The parameters relevant to the selection of the TSSO extension XTsiz, YTsiz are signalled in the SIZ extended marker
segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.5.1), while the parameters Hovlp and Vovlp are signalled
in the SSO parameter of the COD maker (see Table A.11 of A.2.3).

1.4.2 Partitioning of the image into single-sample overlapping tiles
The tile partitioning specified in Rec. ITU-T T.800 | ISO/IEC 15444-1 is identical, except for these differences.
Equations 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)
tyrr - —wmax X TOsiz+g- ¥ Tsiz—{1=Voulp)¥YOsiz) {-47)
tx1(p,q) = min(XTOsiz+ (p + 1) - XTsiz + Hovlp, Xsiz) (1-48)
ty1(p,q) = min(YTOsiz+ (q+ 1) - YTsiz + Vovlp, Ysiz) -49)

Tileq are of width tx1(p, q) — tXg(p, ) = XTsiz + 1 and height ty,(p q) — tyo(p, q) = YTsiz + 1.\They overlap by one cojumn

and @ne row as shown in Figure 1.10 in the case of Hovlp = Vovlp = 0. The parameters Hovlp and Vovlp may have a yalue
of zgro or one.

\ XTiz+]
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1 1 1 1
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I A B
4'\-] N 1 : 1 1
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THO-| T11 | TI2 0| TI3 i| TI4
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TI5!| T16 || T17 }| TI8 }| TI9
! i : !

T.801(21)_FL.10
Figure 1.10 — Tiling of the reference grid diagram

The file parameters'XTsiz and YTsiz shall satisfy the following equations:

mod(XTsiz, R, - 2"t) = 0 and mod(YTsiz, R, - 2Vt) = 0 (1-50)

Whe . _ - i i

The tiling offsets XTOsiz and YTOsiz shall satisfy the following equation:

mod(XTOsiz, R, - 2"t) = 1 — Hovlp and mod(YTOsiz, R, - 2"t) = 1 — Volvp. (1-51)

Finally, the TSSO extension shall be used for all tile components.
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1.4.3 Reconstruction of images samples from reconstructed tiles

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

If a sample is reconstructed from more than one tile, then the sample used for reconstruction is the sample value from the
tile to the left if Hovlp = 0 and the sample value from the tile to the right if Hovlp = 1, the sample value from the tile to
the top if Vovlp = 0 and the sample value from the tile to the bottom if Hovlp = 1.

1.5 Combining the SSO and TSSO extensions (informative)

It is possible to use the SSO extension in combination with the TSSO extension. When this occurs, the filtering procedures
described in clause 1.3 are applied to each overlapped tile separately. When XTsiz and YTsiz are multiples of XC and YC
respdctively, for example XC = XTsiz and YC = YTsiz, the values reconstructed at overlapping tile boundaries will not
vary [based upon the tile, so the rule described in clause 1.4.3 is redundant. When XTsiz and YTsiz are not multiples gf XC
and YC respectively, then the rule for choosing reconstructed sample values in clause 1.4.3 applies as described)

Furthermore, to improve memory efficiency, the following selection of encoding parameters s, tecommended:
XTOpiz = zy, YTOsiz = z.
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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 | ISO/IEC 15444-1 1s not performed when using any of the multiple component transformation procedures i this
anneik. Procedures exist in this annex that may be used in place of the DC level shifting described in Rec. ITUT T800 |
ISONEC 15444-1.

J.1 Introduction to multiple component transformation concepts

This| annex specifies multiple component transformations. The most common multiple component transformption
application is the compression of colour images. Standard colour images (RGB) are transformed-into a colour spacg that
is mpre conducive to spatial compression (i.e., YIQ). This technique can be extended\for images that have ore
components; for example, LANDSAT images have seven components, six of which are highly correlated. It also c@n be
used(for the compression of CMYK images, multiple component medical images, and‘any other multiple component(data.

Therg are two multiple component transformation techniques presented in this annex. The first is an array-based multiple
compponent transformation which forms linear combinations of components to reduce the correlation of each component.
This| transformation structure permits component prediction transforgrations such as DPCM, and includes fnore
comyplicated transformations such as the Karhunen-Loévé Transformation (KLT). These array-based transformationp can
be implemented reversibly or irreversibly. The second multiple compenént transformation technique is a wavelet-Qased
decofrelation transformation. The wavelet-based transformation may-also be implemented reversibly or irreversibly.| This
annek provides a flexible mechanism to allow these techniques4o be used in sequence if desired, e.g., an array-hased
trangformation followed by a wavelet-based transformation, Rurthermore, this annex provides mechanisms which gllow
compponents to be re-ordered and grouped into component-Gollections.

Component collections may be formed to group together components with similar statistical properties to improvg the
compression efficiency of a multiple component transformation. Collections may also be used to reduce the computatjonal
complexity of component transformations by splitting a large component transformation involving many componentg into
several transformations of smaller dimension: Frequently such splitting may be done with little loss in compregsion
perfgrmance. Component collections also‘allow the application of array-based and wavelet-based transformationg, on
diffefent collections, within the same_compressed codestream.

It is possible using the techniques-in-this annex to generate more or fewer output (reconstructed image) componentg than
the number of components encaded in the codestream. This allows encoders to transform original image components into
a neyv domain and discard these transformed components containing little or no information prior to the creation df the
comppressed codestream- The encoder can nevertheless instruct a decoder on the proper way to regenerate an
apprpximation to thegriginal components given only the reduced set of codestream components. An encoder may| also
use fhe multiple cemponent transformation processes to provide such functionality as generation of pseudo-colpr or
grayscale renditions-of a multiple component image.

The fechniglies described in this annex are powerful and can serve many different uses. This annex does not prestribe
how fto apply these techniques to a multiple component image to increase compression efficiency; neither does it desgribe
i ts to
tiple
component transformation technlques 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
transformation (e.g., linear prediction, etc.) and inverse one-dimensional wavelet transformation. Figures J.1, J.3 and J.5
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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 subclause provides
details regarding the order of decoder actions and the locations of required information within the codestream. This
subclause does not address the equations governing application of a given transformation. Instead, individual multiple
component transformations are referred to generically in this subclause 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 spI|t into a serles of two or more marker segments. It is posslble
that
index (Imct or Imcc) is repeated W|th|n each marker segment in the series. The data in a series of marker segments with
the spme marker segment index (Imct or Imcc) are grouped together. The entire series of marker segments shall be fpund
in the same header, either the main header or the first tile-part header.

A figld in each of the markers (Ymct or Ymcc) indicates the total number of marker segments that are used’to convey the
trangformation information associated with that particular marker segment index (Imct or Imcc). A seeond field (Zmjct or
Zmcg) indicates the placement of a particular marker segment relative to all others in the same header sharing the mprker
index. When transformation information is distributed across more than one marker segment, the\parameter lists from the
marKer segments are concatenated byte-wise in order of increasing Zmcc or Zmct. When such.concatenation is completed,
the rpsulting stream of parameters is then treated as if it had been transmitted in a single fnarker segment. The tex{ that
follows assumes that any such required concatenation of marker segment contents has been performed.

J.2.1 Inverse multiple component transformation (MCO_TRANSFORM)

As shown in Figure J.1, the inverse multiple component transformation is astransform that takes as its inputs the get of
spatiplly reconstructed components from the codestream created by fwosdimensional inverse wavelet transform] and
prodpces a set of reconstructed image components. Each multiple cemponent sample is reconstructed by applying the
procgssing steps as indicated in the codestream. The inverse transformation process is carried out in a series of pteps
known as transformation stages. The MCO marker segment (see ‘Annex A.3.9) applicable to the given tile contains
information regarding each of these stages. Specifically, the Nmco field of the MCO marker segment gives the nunber
of transformation stages that will be applied during inverse.processing.

ProcedureMCO_TRANSFORM

Inverse Inverse
spatial 1l | vjec TRANS, | 53| MCC_TRANS, | |—-| |[MCC_TRANS,, | [y non-linear
wavelet - point
transform T T transform
i i T.801(21)_FJft
Spatial Intermediate Intermediate Reconstructed
reconstructed components, (1) components, I,(n) image
components, S(n) components, R(n)

Figure J.1 — Inverse multiple component transformation processing

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

N the

k=0
1,=8
Ll
N
2 R=Lypeo Done
Yes
I,.,=MCC_TRANS(k, I,)
k=k+1
| T.801(21)_F4.2
Figure J.2 — Procedure MEO_TRANSFORM
The multiple component transformation mechanismydoes not place restrictions on the bit depths of the reconstriicted
image components. Furthermore, it is possible for the number of spatially reconstructed components to differ fror
number of reconstructed image components. Therefore, when using the multiple component transformation mechal

a CBD marker segment (see clause A.3.6) Shall be used. This marker segment indicates the total number of output i
components and their respective bit depths.after the inverse multiple component transformation is applied. Only one
marKer segment may appear in the maintheader of the codestream. Thus all tiles in an image shall contain the same nu
of cqmponents, and the component.bit depths in the CBD marker segment shall be of sufficient magnitude to covg
maximum bit depth of a companent across all tiles.

Whep multiple component-transformation processing is used, the SIZ marker segment (see clause A.2.1) shall ing
the number and bit depths)of the components in the codestream after the inverse two-dimensional wavelet transfor
othef words, the SlZ marker segment indicates the bit depths of codestream components after the forward mu
compponent transformation. This interpretation of the SIZ marker segment is subtly different from its interpretation U
otheff decoding processes in this Recommendation | International Standard and Rec. ITU-T T.800 | ISO/IEC 154
where it is uSed-to indicate the number of output image components and their bit depths.

J.2. Multiple component transformation stage (MCC_TRANS)

ism,
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CBD
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nder
14-1,

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 Iy. The set of components output from the kth transformation stage is the set of intermediate
components Iy + 1. The first set of intermediate components, lg, is defined to be the set of spatially reconstructed

components produced by the two-dimensional inverse wavelet transform. Intermediate component set Iy contains
components, where Csiz is indicated in the SI1Z marker segment. If S(n) is the n spatially reconstructed component,

Csiz
then

lo(n) =S(n), n =0, 1, ..., Csiz-1. Similarly, the set of reconstructed image components is defined to be the final set of
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intermediate components. Intermediate component set Iymco Contains Ncbd components, where Ncbd is indicated in the
CBD marker segment. If R(n) is the nth reconstructed image component, then R(n) = Iymco(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)] (-1
i)

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 Cmcc! value from the kth transformation stage across all component collections
in that stage. The variable Nlg = Csiz and Nlymeo = Nchd.

All of the information regarding the CC_TRANS operations is conveyed in the MCC marker segment. The index of the
releMant MCC marker segment for the kth stage of the inverse multiple component transformation is obtained from the
ImcgX field of the MCO marker segment. A flow diagram that results in correct decoding of the codestreami$ given in
Figure J.4. (This flow diagram applies the CC_TRANS operations in the order that collections appear within-the active
MCQ marker segment.)

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

Cy —
I,‘((})A,—‘_’—:—’ c, P e W ; |—» I,4(0)

! 1.1
Ik(l) : C;) W; k 1( )
| [1(2)
L) b oo R ¢ ) A
: > L (NI —4)
—3) — |tttk 54, Nttt
(NI, 3_) ! CC_TRANS(Qmce(k)<1) i > Lea(NLy =3)
l'k(Nl,.‘, - 2) | C()mcc 1 I/V(())mcc(k) 1 i > 1k+l(le+L — 2)
T(NL, - 1) : et Ly (NI = 1)
! mee(k)-1 meC i ‘ ‘
—» C ? " 7t ! WIquAH i
: C;)mcc(kkl WQmLL(A) :

Lo e e ] T.801(21)_FJ.3

Figure J.3 — A single multiple gomponent collection transformation (MCC_TRANS) stage
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Figure J.4 — Procedure MCC_TRANS

Transformation component collection (CC_TRANS)

brocessing flow to transform a given component collection is Wlustrated in Figure J.5. The figure shows the loc
evant MCC marker segment fields for the ith component_collection within that marker segment. Each comp(
ction within a transformation stage performs one of a number of different processing steps defined in subseq
es of this annex. The ith component collection opefates on a subset, I}, of the input intermediate compo
able at the current transformation stage, k, and it produces some subset, I, ,, of the output intermediate compo
the current transformation stage. In the figure, €mcci = {Cmccil}, V je[0, 1, ..., Nmcci — 1], and Wmec! = {Wm
[0, 1, ..., Mmcci — 1]. For each of the compenent collections within the relevant MCC marker segment, the follg
auses, in order, describe the processing-that occurs. (These subclauses parallel the functional blocks in Figure

f the transformation methods specified in this annex make use of component collections. A component colle
sts of a list of input componentsindices along with a list of output component indices. Component collection
ed within the MCC marker segment (see clause A.3.8). The input component list of a collection specifies the

nich intermediate components/input to the stage are accessed by the transform. In particular, for the ith comp
Ction within the kth transformation stage, the jth input transformation component, C¥, is given by I, (Cmcci), W

< Nmccl. Similarlyythe-output component list of a collection specifies which intermediate components output by
are filled by anlassociated transform. Output component Wji (where 0 < j < Mmcc!) from the transformati

ned to intermediate component Iy + (Wmccll). The indices Cmecil and Wmcecll, and the numbers of input and o

components, Nmgci and Mmcc', all appear in an MCC marker segment. The component collection mechanism allow
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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 Tmcci 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

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.
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Figure J.5 — A single component collection transformation (CC_TRANS) stage
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Figure J.6 — Procedure CC_TRANS

J.2.4.1— Define input component collection (DEE_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, I,. This set contains Nmcci components. The jth component, C/, in the input set is
given by intermediate component I, (Cmcclil), where 0 < j < Nmcci and Cmccii €[0, 1, ..., NIy — 1]. The index k is the
transformation stage number, and the values of Nmcc! 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, Imco, in the MCO marker segment.

It is 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
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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, Iy. This can occur when the union of all output intermediate component
lists from the previous transformation stage does not include every component number between 0 and the largest input
component number, NI, — 1, of the current transformation stage. In other words, there may be gaps in the set of output
intermediate component numbers from the previous transformation stage. When a null component is accessed in a given
input intermediate component collection, it is treated by the transformation process as a component with values that are
identieatic T " . .

Wheh forming a series of transformation stages that work together, care shall be taken in the generation of the-Qutput and
inpuf component lists between successive transformation stages. It is not permitted for an output component rumker in

the input component set C!, which contains Nmcc! components, the selected invérse’ multiple compgnent
ormation is applied. The Xmcci field of the active MCC marker segment indicates thé.type of transformation|used
to trgnsform the ith component collection. The allowed transformations and their application are discussed in clause J.3.
The [Tmcc field of the active MCC marker segment provides additional informatiofy that is required for the partifular
ormation, such as pointers to transformation array coefficients contained in.a@@MCT marker segment (see clause
A.3.7), wavelet transform kernels contained in an ATK marker segment (see clause A.3.5), number of wavelet trangform
, and indicators of the reversibility of the transform. In the case of the Wavelet transform, the Omcc! field also
prov|des the equivalent of a tile offset for the one-dimensional wavelet.transform. Application of the transformption
s in a set of output components, Wi, which contains Mmcc! components.

J.2.3.3  Assign output components (MAP_OUTPUT_CC)

The fransformation for the ith component collection produces.the set of Mmcc! output components, Wi. The Wi are|then
assigned to a subset of the output intermediate components from the stage, lx+1. Specifically, output component Wji

(whdre 0 < j < Mmccl) from the transformation is assigned to intermediate component ly.,1(Wmccl). This subset gf the

outpit intermediate component is also referred to as-ft . ;. The Mmcc! and Wmccll values are found in the ith compgnent
collection of the active MCC marker segment for:the kth transformation stage.

It is fequired that no output intermediate component appear more than once in the union of all output component collection
lists vithin a particular MCC marker segment (i.e., Wmcc! n Wmcdl = &,V i # j). This rule implies that all compgnent
collections may be transformed in parallel without danger of overwriting previously computed results. As noted afpove,
the qutput component list may peincomplete, thus allowing the transformation stage to create null components) The
maximum output component pumber may not exceed Nl — 1, the maximum input component number of the succegding
trangformation stage. Theté~is no requirement that the output component collection list be complete for the [final
trangformation stage. However, the utility of such null image components is dubious, and their use is not recommer]ded.

J.3 Transformations

This|subclausexdetails the mathematics involved in the application of an inverse multiple component transformatign. It
also [escribes 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 subclause, it is assumed that the input component collection of the
transformation, C = CIi, has already been formed. Individual components within the set are denoted as Cj, where
j=1[0,1,..,N—1], and N = Nmcc'. All of the described transformations are assumed to produce a set of transformed
components, W = Wi, with members denoted by Wi, where j=1[0, 1, ..., M- 1],and M = Mmccl. 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 subclause are normative only in the sense
that they describe a result that the decoder shall achieve; different implementations of these equations may exist for fully
compliant decoders.
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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 Tmcc! array indices are non-zero, these indices, along with knowledge of the type of array-based transformation
being applied, are used to select the appropriate MCT marker segments from which the coefficients are extracted. For the
transformation array, the appropriate MCT marker segment is found by matching the MCT marker segment index found
Imct parameter against the Tmcc! transformation array index, and then matching the Xmec! transformatien| type
inst the array type found in the Imct parameter. For the offset array, the appropriate MCT marker segment is fourd by
ing the MCT marker segment index found in the Imct parameter against the Tmcci offset array indéx; and|then
checking that the array type found in the Imct parameter indicates the array is an offset array. An index of Zefo in a Tjmcc
field|indicates a null transformation or offset array, so that particular transformation steps may be skipped. For eath of
ray-based transformations discussed in this subclause, the number and storage order of the cogfficients withip the

J.3.1.1 Decorrelation transformation

The [decorrelation transformation type provides for an unconstrained linear combination of input components |with
ifive offsets for each result. This transformation structure enables full matrix tranSformations such as the KLT.

J.3.1.1.1 Irreversible decorrelation transformation

The frreversible decorrelation transformation consists of a matrix multiplication of the input components followdqd by
application of an additive offset. The transformation is applied by using‘Equation J-2.

Wy = tooCo + to1Cy + t02Cy + to3Cs¥. .. +to-1)Cn-1 + 0o
W1 =t;0Co + t11C; + t12C; 8305+ .. +tyy_1yCnog + 04
W2 = t30Co + ta1Cy + t5Cavk ty3Ca+... +tay_1yCyo1 + 02
W3 = t30Cy + t31C; + t3365 + t33C5+. .. +t3(N_1)CN_1 + 03

: (J-2)

If thg decorrelation transformation array index provided by the Tmccl field for this component collection is zero, then the
coefficients tjj are given by tj; = 1 for i =4 and t;; = 0 for i = j. If the decorrelation transformation array index is not gero,
then the referenced MCT marker segment contains M - N elements. The coefficients tjj are stored in the marker segnent

in the following order: tyg, to1, -5 toeh — 1), t10, 11y s AN - 1)y - YV )N - 1)

If the offset array index provided by the Tmcc! field for this component collection is zero, then the coefficients ¢; are
given by o;j = 0. If the offset-array index is not zero, then the referenced MCT marker segment contains M elements| The
coefficients o; are stored in the marker segment in the following order og, 01, ..., Op _ 1.

For an irreversiblexdecorrelation transformation, the number of input components, N, is not required to equal the number
of oytput companents, M.

J.3.4.1.2<_Forward irreversible decorrelation transformation (informative)

At a barticular clr_mrial location, (y, \,’), the M imagn components-to be transformed are denoted h‘,’ Wo Wa o W o The
component dc offsets are given by 0g, 04, ..., Op — 1, and the N components that result from the transformation are denoted

by Co, Cq, ..., Cn—1. The forward irreversible decorrelation transformation is applied by using Equation J-3.

Co = too(Wo — 0¢) + tor (Wy — 01) + too (W, — 0)+... +tom-1)Crm-1
C1 = tio(Wp — 0g) + t1:(Wy — 01) + t1,(W, — 03)+... +tim-1)Cm-1
Cy = tao(Wo — 0g) + oy (Wy — 01) + to (W5 — 05)+... +tam-1)Cr-1

: (-3)
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The offsets 0g, 01, ... , O\ _ 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
application of an additive offset. For the reversible decorrelation transformation, the number of input components, N, is
required to equal the number of output components, M. This is true even though the number of single elemient Ijnear
trangformations applied in the processing is N + 1. The transformation is applied by the following set of equations:

Let temporary variable P be defined as:

P():CO
P1=Cl
PZICZ

P3:C3

then [form the following sequence of single element linear transformations using Equation J-4 and the given rounding
rule.

_ yN- bn-1-nY)
S = Ziloie-1-p tuPi + ———

PTy_,, = _l 51 J + Py =01, N—1 (3-4)

Li(N-1-1)

Py_11=PTy_1,

Nextl compute the final single element transformation using Equation J-5 and apply the additive offset in Equation J-6 to
form| the output intermediate components. For thexteversible decorrelation transformation, the sums S;, 1 = [0, 1, ...|, N],
shall{be generated in order and the single outputiterm corresponding to that sum, Py _ 1 _}, shall be adjusted beforg the
nextfsum is computed.

_ |tnev—)|
Sy = XiLo tniP + ———=

Sn
PTy_1 = sgn(tyw-1)) - [_ l—|t |] + PN—1]
N(N-1)

Py_1=PTy_4 (J-5)
WO = PO + Ogp
Wl = Pl +01
Wz = Pz + 0, (‘]-6)

W3:P3+O3

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 linear combination of the unaltered components at each stage is first 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 decorrelation transformation

NOTE — (informative): This reversible decorrelation transform structure accommodates ‘a.reversible factorization of a unitary N x N
ansform matrix that approximates its decorrelation properties. One such factorization technique, known as the singl¢-row
elementary reversible matrix (SERM) factorization is, described in [14]. Unitary transforms comprise a large class of multiple
cpmponent transforms (examples include the KLT). An informative example™is given in clause O.3 based upon the techhique
presented in [14].

If the decorrelation transformation array index provided by the Tmechfield for this component collection is zero, then the
coefficients tjj are given by tyw - 1) = 1, tiy— 1) = 1 forie[0, ¢z, N - 1], and tj; = 0 for all other i j. If the decorrelation
trangformation array index is not zero, then the referenced MCT marker segment contains (N + 1) - N elements] The
coefficients tj; are stored in the marker segment in the following order: too, tog, ..., togn — 1), t10, tags - s tan = 1), - NV = 1)-
The [coefficients are constrained to be integers forthe reversible decorrelation transformation. Furthermore] the
coefficients tyoy — 1y and tiy — 1 — ) for €[0, ..., N 1] are constrained to be exact positive integer powers of 2, While
tnev | 1) is constrained to have an absolute value equal to an exact positive integer power of 2. This subset of the
coefficients is interpreted as a set of scaling.factors for each of the partial sums that are formed. This allows real-valued
coefficients to be approximated to the nearest desired fractional bit. The restrictions on the coefficient values ensurg that
the spims can be carried out, if desired,\with all-integer mathematical operations.

If the offset array index provided by'the Tmec! field for this component collection is zero, then the coefficients g; are
given by oj = 0. If the offset array“index is not zero, then the reference MCT marker segment contains M elements| The
coefficients o; are stored inithe‘marker segment in the following order: og, 01, ..., Oy _ 1. For the reversible decorrelption
trangformation, the o; are-required to be integers.

J.3.4.1.4 Forward reversible decorrelation transformation (informative)

At aparticular.spatial location, (x, y) the N image components to be transformed are denoted by Wg, W1, ... , Wy _1| The
ponentidc offsets are given by 0, 04, ..., Oy — 1, and the components that result from the transformation are derjoted
by Gy Cyy ..., Cn — 1. The forward irreversible decorrelation transformation is applied by using Equations J-7 thrpugh

»1 aaala ar-af-afa ardraviaraible-danarrala arRa a
v W v

P0:W0_00
P1:W1_01
Py =W, -0, (-7)

P; =W; — o3

_ JN-2 |toav-1)
So = Xizo toiPi +——

So
PTy_1 = lij + sgn(tow-1))Pn-1
|to(1v—1)|
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PN—l = PTN—l (\]'8)
t
S = Yl oueacy tuPi + l(l Y
PTl—lz_l 51 J+Pl_1 l=1r2!---;N (J_g)
ti(1-1)
P, =Pl 4

CO = PO

G=r
(=P (3-10)

The
inpu
The
insu
N tin
temp

The

C3=P3

nput component values are first shifted by a dc offset. The results are assigned to temporary variables Pj. T
components are then transformed in a series of N + 1 steps. In each step, exactly one of the input values is alt
ransformation steps are carried out sequentially, and the temporary values, Pj, are updated ddring each step and
hsequent steps. In the first step, given in Equation J-8, the last temporary value is altered, Equation J-9 is then ap|

hes, with the value of | running from 1 to N. In the lth of these steps, temporary value, Ryis altered. The final
orary values becomes the output of the transformation.
X y
O—» —O
O— —
O— —0O
O —O
O—» —O
O— —O
O—> —O
T.801(21)_FJ.8

Figure’d.8 — SERM implementation of forward reversible decorrelation transformation

bffsets‘og, 01, ..., Op — 1 are integer valued and are included in an MCT marker segment. The offset array i
ded’by the Tmccl field for this component collection match the MCT array index. If the offsets are all equal to

prov

he N
pred.
used
plied

det of

hdex
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 t); 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 tijj in Equations J-4 and J-5 is
equal to t(y _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(\ — 1) has an absolute value that is a power of
dtj_q1) fori=1,2, .., Nshall be an exact power of 2. The coefficients that are powers of 2 can be interpreted in

the equations as scale factors for each step in the transformation. Subclause O.3 provides an informative example
illustrating a decorrelation transformation, its SERM factorization, and associated reversible implementation.

2, an
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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 = CO + (o}
},1 = Cl t %1
Y,=C, +o0, (p-11)
Y3 = C3 + 03

Wo=Y,
Wy =t )Wo+ 1
W, = t,oWy + t, W + Y, -12)
Wi = tzogWo + t31 Wy + t3Wo + 13

Equdtion J-12 implies a particular structure in the irreversible dependency_transformation array. Specificallyj the
irreversible dependency transformation array shall be lower left triangular wvith”zeros on and above the main diagpnal.
This|particular structure guarantees that the array may be processed from{top to bottom and causality will be presefved.
This|places a responsibility upon the encoder to form correctly the 4rreversible dependency transformation arrgy in
conjlinction with the input and output intermediate component collection index lists. Figure J.9 illustrates the procepsing
stepg in the irreversible dependency transformation. The box labelled, P(Wg, Wy, ..., Wj _1), in the diagram is where the

predictions for the current component being decoded is formed-ffom previously decoded components.

Y.

+ o+
C. >0 >0 » W
i + + J

P(Wo, Wi, o, W) <

OJ

T.801(21)_FJ.9

Figure J.9 — Irreversible dependency transformation

If th¢ dependency transformation array index provided by the Tmcci field for the i component collection is zero,[then
the qoefficients tjj are, given by tjj = 0 for all i, j. If the dependency transformation array index is not zero, thep the
referenced MCT matker segment contains M - (M — 1)/2 elements. The coefficients t;; are stored in the marker segment

in the following order: tyq, too, to1, t30, t31, 132, s (M= 1)0s - » (M- 1)(M - 2)-

If th¢ offset/array index provided by the Tmcc! field for the ith component collection is zero, then the coefficients g; are
givelp byyo; = 1. If the offset array index is not zero, then the referenced MCT marker segment contains M elements| The
coefficients o; are stored in the marker segment in the following order: 0g, 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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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 Wg, W1,
..., Wn_1. The component dc offsets are given by og, 01, ..., ON_ 1, and the components that result from the transformation

are denoted by Cy, Cq, ...

and illustrated in Figure J.10:

W.

7

, Cn— 1. The forward dependency transformation is defined by the following set of equations

PO, W s W)
" Ta01(21) Fu.10
Figure J.10 — Forward irreversible dependency transformation
CO = WO - 00
Cy =Wy — o1 — t1,)Wp
Cy =Wy — 0y = tyeWo — t21 W3 (P-13)
C3 = W3 — 03 — tzoWy — t31 W) — t3, W,
The pffsets g, 01, ..., Op_ 1 are included in an MCT marker segment. The offsetarray index provided by the Tmccilfield
for t:l:is component collection should match the MCT array index. If the offsets are all equal to zero, then the Tmcci|field
for tinis component collection can be set to zero and the offsets do not need. to be included in an MCT marker segmgnt.
The [;j coefficients for the inverse transformation that are included inthe MCT marker segment are in general the same
as thppse that appear in forward transformation equation. In Equation J-12, all operations are additions, whereas in the
forwprd transformation, all operations are subtractions.
J.3.4.2.3 Reversible dependency transformation
The feversible dependency transformation consists of an additive offset followed by a constrained linear combinatipn of
components. The reversible dependency transformation is defined by the following set of equations:
YO = CO + 00
Y1 = Cl + 01
YZ = CZ + 02 (]-14)
Y3 = C3 + 03
WO = YO
tll
Sl — thWO + 7
W, = [—=|+1,
1t11]
t22
Sz = tzoWo + t21W1 + 7
q‘.
W2 = + YZ
115, ]
_ l33
S3 = t3oWo + tz: Wy + t3, W, + B3
S3
W3 =|—|+ Y3
£33
(J-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 tgg) 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
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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
intermediate component collection index lists. Figure J.11 illustrates the reversible dependency transformation
processing. The box labelled "R" represents a rounding rule, which has been defined as the floor function in this
Recommendation | Inernational Standard.

F

R [ P(VV()? Wla e I/y;fl)

T.801(21)_FJ.11

Figure J.11 — Reversible dependency transformation

If th¢ dependency transformation array index provided by the Tmccl field for this component collection iszero, then the

coefficients tj; are given by tjj = 0 for all i = j, and tj; = 1 for i = j. If the dependency transformation array index is not gero,

then [the referenced MCT marker segment contains Moret)

segment in the following order: tig, t11, tog, to1, too, t3g, t31, t30, t33, ... , tm - or - Yl M - 1) For i=j, the tj
coefficients have the same interpretation as in the irreversible dependency transforfmation. The additional M — 1
coefficients, tjj where i = j and i > 0, are interpreted as scaling factors for the partiahsums S;. The t;; coefficients are
consfrained to be integers in the reversible dependency transformation. Furthermore;the tjj coefficients for i = jand|i > 0
are cpnstrained to be exact positive integer powers of 2. These restrictions ensurg.that the partial sums can be formed, if
desired, with all-integer mathematical operations.

— 1 elements. The coefficients tj;are stored in the marker

If the offset array index provided by the Tmcc! field for this componeft eollection is zero, then the coefficients ¢; are
given by o;j = 0. 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, ... , Op 1. These coefficients are constrgined
to bd integers for the reversible dependency transformation.

For g reversible dependency transformation, the number of.input components, N, is required to equal the number of optput
components, M.

J.3.4.2.4 Forward reversible dependency transtormation (informative)

The forward reversible dependency transformation consists of a constrained linear combination of components arjd an
addifive offset. At a particular spatial location, (x, y), the N image components to be transformed are denoted by Wg, W1,

..» Wn —1. The component dc offsets are.given by og, 04, ..., On_1, and the components that result from the transformption
are denoted by Cgp, Cy, ..., Cy_ 1. The forward dependency transformation is defined by the following set of equations.
The forward dependency transformation is defined by the following set of equations and illustrated in Figure J.12:

Co =Wy — 09
t11
Sl = t10W0 + 7

S1
Cl = I_J+W1_01
t11

t22
SZ = tZOWO + t21W1 + 7

Cq=—|i|+W1 — 0,
(T3]

t
53 = t30W0 + t31W1 + t32WZ + l?]

S3

C3= lt_J+W3_03
33

: (3-16)

The offsets og, 01, ... , O — 1 are integer valued and are included in an MCT marker segment. The offset array index

provided by the Tmcc! 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 t;; 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 tjj are integer valued, and tj fori = 1, 2, ..., N — 1 are exact powers of 2. (There is no tgg 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.

Wj

A 4

P(Wy Wy oot W) - » R

OOz T2

Figure J.12 — Forward reversible dependency transformation

J.3.2 Wavelet-based transformation

This|subclause describes a wavelet-based decorrelation process. The MCC marker segment allows,for the specificption
of a vavelet transformation to be applied to i" input component collection via the Xmccl marker-parameter (see clause
A.3.8). In fact, it is possible to use wavelet-based decorrelation on one component(tollection and array-iased
decofrelation on another within the same MCC marker segment. When wavelet-based {decorrelation is used, an ATK
marker segment (see clause A.3.5) specifies the wavelet transformation kernel used ‘in processing the compgnent
collegtion. The Tmcci parameter in the MCC marker segment contains an index that §pécifies which ATK marker segpnent
is to joe used for the i component collection. The Tmcc! parameter also includes.art index that points to an MCT mfrker
segment containing additive offsets to apply to the input intermediate components after inverse wavelet transformption
procgssing. The MCC marker segment signals the number of wavelet tranisformation levels in Tmecl, and a compgnent
offsgt Omcci to be employed during inverse wavelet transformation prdeéssing.

For § wavelet-based decorrelation transform, the number of input cemponents, N = Nmcc, is required to equal the number
of oytput components, M = Mmcc'.

J.3.2.1 Inverse multi-dimensional wavelet transformation

The gamples of component C; are denoted by Cj(x, y)~At each spatial location, (x, y), N + 1 two-dimensional arrays are
formed. Here, N, is the number of wavelet transformation levels applied to the ith collection as determined from the
Tmcf! marker parameter. The arrays are denoted by ay, (W 0), ay,u,(w, 0), agy, -y, 0), ..., agL(w, 0). Injeach
case,| thxg < u < thxq, where thxg and tbx; are'determined appropriately for sub-band ay, as specified in Annex B of|Rec.
ITU4T T.800 | ISO/IEC 15444-1. For the purposes of this annex, it is assumed that the transformation is applicablg to a
tile-qomponent with upper left carfderat (tcxg, tcyp) = (Omceci,0) and lower right corner at (tcx; — 1, toy; —|1) =
(Omgci + 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]. Thege are
in order of the arrays.as given above. Specifically, let b = N LL. Then the first thx; — thxg = tN LLx; — tN_ | L xg
samples of Cj(x, y), (ke;37=[0, 1, ..., thx; —tbxo — 1]) become the samples ay(u, 0), u = [thXo, ..., thx; — 1]. Similarly, let
LHL. Then_the next thx; — thxg = tN HLx; — tN; HLXo samples of Cj(x, y) become the samples of an(y, 0),
bxg, ..., thxy* 1], and so on.

The fy, arrays-defined above are treated as sub-bands to be inverse wavelet transformed using the two-dimensional IDWT
as dgseribed in Annex F of Rec. ITU-T T.800 | ISO/IEC 15444-1 (with extensions specified in Annexes G and H)| The
resul s+ i =t i —o; = - —~———Omcc! +
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) = I(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, C;, 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 1(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-companent with upper left corner at (tcxg, tCyg) = (ﬂmr‘r‘i, 0) and lower right carner at (texy =1 teys = 1) = (Om cci+

M —[L, 0).

Usinp the notation of Rec. ITU-T T.800 | ISO/IEC 15444-1, the output of the FDWT procedure is the N+l sub-Hands
ay, i)y Qv aL Avp-DHL - » Gur (All sub-bands of the form ajeyyy and ajey 1 are empty.) Here, N isjthe numiger of

decomposition levels to be applied. This value would be placed in the Tmcc field for the ith component:collection in the
currgnt (i.e., kth) transformation stage.

Each such sub-band has samples ay(u, 0), thxg < u < tbx; with thxg and thx; determined as in Annex B of Rec. ITU-T 1.800
| IS/IEC 15444-1. These sub-band samples are then interpreted as samples of the transformed components, Cj, j = [0, 1,
..., N — 1], at spatial location (x,y). That is, [Co(X, ¥), C1(X, ¥), ... , CNn — 1(X, Y)] F@w;1(thx,0),..., ay, 1. (thx, —
1,0)Jay, u.(thxo,0),..., ay,u,(thx; — 1,0),..., a1y (thxo, 0),..., ayy, (thx; — 1,0),"In each case, toxg and tbx; are the
valugs 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).

Thisfannex specifies three non-linear point transformations that are used after the decoding processes and inverse.multiple
compponent transformations to map reconstructed values back to their proper range. The forward non-linear transformption
may |be employed by encoders prior to the application of the forward multiple component transformation/in order to
incrgase compression efficiency of linear or near-linear original image data. For example, an application capturing original
image data from a sensor with a linear response may apply the forward non-linear transformation to ¢orfect the datafsuch
that {he bit allocation matches visual sensitivity.

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

The pse of the non-linear transformation is signalled in the Rsiz parameter (see clausegA2.1).

K.1.1  Decoded component reconstruction

The pon-linear transformations specified in this annex are "point” transformations. These transformations are applied to
each|sample ("point") in a given component. The transformations do not{span components like the multiple compgnent
trangformations described in Annex J. They may be used, however{in conjunction with the multiple compgnent
trangformations. Figure K.1 shows where in the decoder's processing chain the non-linear transformation is apglied.
Conyersely, on the encoder side, non-linear transformations would be applied prior to decorrelation and dependency
trangformations and wavelet processing.

Components Wavelet Spatially reconstructed
Codestream »  synthesis Components i
&)
Decorrelation
and
dependency
transformation
Decoded Non-linear Reconstructed image
COMPONENtS ~&=—————  yrangformation [¢ Components
(£#) P T.801(21)_FK.1

(¥

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 i||nage
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 (Rj components in Figure K.1). Processing of the codestream
components with the inverse decorrelation and dependency transformations may increase or decrease the number of
reconstructed image components relative to the number of codestream components. Additionally, the bit depths of the
reconstructed image components may be quite different from those of the codestream components. For these reasons, a
CBD marker segment (see clause A.3.6) is always included in the codestream whenever a multiple component
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transformation is used. The CBD marker segment contains the number of reconstructed image components and their bit
depths.

If a multiple component transformation is used in conjunction with non-linear point transformations, the CBD marker
segment placed in the codestream shall specify the number of reconstructed image components and their bit depths prior
to processing through the non-linear transformation. If no multiple component transformation is used, then the SIZ 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 application of a non-linear transformation to a reconstructed image component.

Thormmmmmmmmmmir bit
deptip.

K.2 Non-linear transformation specifications

This|Recommendation | International Standard allows for the non-linear transformation to be storéd”in three diffgrent
forms. The gamma-style non-linearity form specifies the transformation through parameters¢to’an equation, anpd is
specified in clause K.2.1. The LUT-style non-linearity form specifies the transformation by specifying a set of logk up
table pairs and is specified in clause K.2.2. The Binary Complement to Sign Magnitude Conversion transformation fakes
no pgrameters, and converts the codestream-internal sample-representation from a binary<Complement representatipn to
a sigh-magnitude representation. This conversion is most suitable for representing flaating point data, see clause OJ6 for
further information and its recommended use. The transformation itself is specified-in Clause K.2.3.

K.2.l  Gamma-style non-linearity

The | gamma-style transformation specifies the non-linear transformation using mathematical equations. |That
trangformation is specified using two functional segments: a linear region for small component values, and a powef-law
exponential region for large component values. The actual transformation stored within the NLT marker segmgnt is
normalized 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 felationship between a normalized value z of original input component Zj and normalized value y’ of the gapma-
adjugted component Y;' is given by Equation K-1. Amencoder using the non-linear transformation extension shall uge the
Y gomponent as input to the forward multiple’ component transformation, or directly to the forward wapelet
trangformation if the multiple component transformation is not used. Values z and y’ are normalized such that the
maxijmum value of the Zj and Y; components) respectively, are +1.

—(Alz|* - B) s
y' = sz —(3=z<)) (<-1)
E _
Az B 2 >§

In Equation K-1 S.is the toe-slope, T is the toe-slope threshold, E is the gamma exponent, and A and B are contihuity
parameters. Thesg ‘parameters are stored in the NLT marker segment in normalized form such that the maximum valpe of
the ipput and-output components is +1.

Figure-K:2 'shows an example forward gamma non-linearity transformation that might be used by an encoder. [This
parti cular gnmma-cfylp transformation is from Rec ITIJ-R BT 700 (HDT\/)
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1.0 - Example gamma correction curve (Rec. ITU-R BT.709 HDTV)

5 09
L
=
i 0.8
S g 07| Toeslope (§)=4.5
= f
= ? 0.6 - Power function exponent (E) = 0.45
oo
o2 05F
s £
5 041 A=1.099
= 02F /7
0.1 Toe slope threshold (7) = 0.081
0.0 1 I ! [ \ ! I ! ! I |
00 01 02 03 04 05 06 07 08 09 10
Normalized values (z) of the original image samples (Z,) T1.801(21),FK2
Figure K.2 — Example gamma-type forward non-linear transformation
K.2.1.2 Reverse gamma-style non-linearity (normative)
Whef decoding a codestream, a conforming reader shall apply the transformatior_specified by Equation K-2 tq any
compponent that indicates, through the NLT marker segment, that it should be. processed using a gamma-style |non-
linegrity. These equations take a normalized value y’ value of component Y;'@s input and produce a normalized valug z of
the flilly decoded Z; component as output. The bit depth of the non-normalized Y; values is specified by the CBD mprker
segnient, or by the SIZ marker segment if the multiple component.eXtension is not used. The bit depth of the [non-
normalized Z; values is specified by the BDnlt field in the NLT marker segment.
1
_ (l1xB)E e _
e S
z= y? -T<y'<T (K-2)
1
y +B\E .
(=) y>T
The parameters T, S, E, A, and B are all.communicated in the NLT marker segment. The transformation may be applied
to the non-normalized component yalues by first scaling the coefficients of Equation K-2 to match the actual bit dg¢pths
of the Z;j and Y;' components. To §cale the normalized coefficients to non-normalized form to convert an input compgnent
Y;" of bit depth by directly to(an output component Z; of bit depth b, without first normalizing the Y; component vlues
and then denormalizing the Z; values, the coefficients shall be transformed as follows in Equations K-3 and K-4.
£ = 2Py — 1 Y/isunsigned
Y (2% =1 Y issigned
f = 2bz — 1 Z; is unsigned
Z |2b2—1  Z;issigned
1K—3)
TS = f;y . T
fy
Sg==-§
ST L
AS = f_J;, . A
z
Bs=f,-B (K-4)
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The value by is taken from the SIZ or CBD marker segment as appropriate. The value b, is signalled in the BDnlt field of
the NLT marker segment. Once the coefficients have been scaled appropriately, Equation K-5 can be applied directly to
the integer image data for component Y; and produces the integer image data for component Z;.

1
( |¥{|+Bs\E )
- <‘T Y, < =T
Y,

Z;= i ~Ts <Y, <Ts (

Y;+Bs ,
() v

=

K-5)

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 pro
a mechanism to specify such a non-linearity. This method is referred to as a "LUT-style non-linearity" far, two rea

First

number of table values specified is equal to the number of possible decoded values, then a LUT is_explicitly spec
While it is possible to approximate the gamma-style non-linearities specified in clause K.2.1, thismechanism allow

othe

The LUT-style non-linearity requires that a list of table values be supplied. The maximum.possible number of LUT v

for a

component Y; (as specified by the CBD marker if the multiple component transfarmation is used, or the SIZ m

segn]
norn

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

The NLT marker specifies a total of Nygints values, where 2 < Npojnts <'N. Those values are evenly distributed acros

inpu

trangformation for an input value of Dy. The Dy values are imglicitly determined by Dpin, Dmax, and Npoints throug
following equation:

The

comjponents being 0 to +1, regardless of whether the components are signed or unsigned.

Valu

If vy,

from the specified information it is possible to build a look-up table to perform the transformation. Second,

transformations that cannot be specified using a simple gamma function.

table to produce component Z; from component Y; is N = 2%, where by is the rfumber of bits used to represer

ent (see clause A.2.3) if the multiple component transformation is net\used). The minimum and maxi
alized LUT input values are Dp,j, and Dpay, respectively, where normalization includes shifting and linear sc

range of Dpjn t0 Dpax. Table value Ty (where k = 0, 1.+, Npoints — 1) represents the output of the re

Dig= Dy + kA

whire A = Pmax = Dmin
Npoints -1

actual LUT table values are specified in a normalized, shifted form, with the range of both the input and o

es of the ;' input compenent (y') are normalized as follows before being processed through the LUT:

—~ Y, isunsigned

y, Zby—l i g
norm y’+2by—1

2by 1

Y; is signed

orin. < Dimin, then y). .. shall be clipped to Dpin. If ¥orm > Dimaxs then ¥porm shall be clipped to Dpyax

ides
50NS.
f the
fied.
s for

alues
t the

brker
mum
pling

s the
erse
h the

and Dmax > Dmin (IK'G)

itput

= (K-7)

The

aliZod valuoc of tha Atitnt comananant 7. ara than cnacifind by tho follovaina aoatinn:
arave Tor ot It Tyt ToTToOvY T

NOormaH#

tHC-oTtpoutT oo T c T opeoTriT Y A4 geguotroTT

y' -D
Znorm = b + (%k) (k1 — te)

b = = (K-8)

2be—1

where Kk is the first integer such that Dy < V,orm < Di4+1. The final non-normalized value of the output component Z; is

speci

fied by the following equation:
z -(2Pz —1 Z; is unsigned
7 = { normb ( )b B £ e g (K-9)
Znorm * (2°2 —1) — 2%z Z; is signed
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where by is the bit depth of the output component Z; and is signalled in the BDnlt parameter of the NLT marker segment.
The parameters, Npgints; 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.
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

If thq
trang
inpu
shall
equa

Let
(i.e.,
trang

i

o NT D

bw to encode floating point samples is found in clause O.6.

formation shall be equal to the bit-depth of the samples generated by the transformation, and theSigned-ness qf

to Ssiz; (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.11) if no such transformation is used.

b= (Ssizi AND 0x7f) +1 or bi=(BDchd;i AND 0x7f) + 1, and Y; the output-of the transformation. The
formation is defined as:

Yi=Zj IfZ|20 or

Yi= min (—2bi'1 -Zi—1,-1) if Zi<0

mponents, the transformation maps —1 to =24 and"—2""! to —1. The motivation for this transformation is given in clause

132
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Vi be the input sample value of the component i to which this transformation-is to0 be applied, b; its bit :ﬂepth

samples untouched. While not required by this Recommendation | Standard, the resulting bit-patterns are, however, typically
i preted—a G 60559 floating—point-rumbers—by specifyingafloating-peointsampletype nthe fileformat; This
beration is not part of the JPEG 2000 decoding process, but is a matter of interpreting the reconstructed samples correctly. It is
commended to use the JPX file format defined in Annex M to annotate the data for proper interpretation. Further infermatipn on

binary complement to sign-magnitude conversion transformation is used, the bit-depth of the input samples t¢ this

the

samples shall be equal to the signed-ness of the output samples. That is, the BDnlt value relévant to comporent i
be equal to either BDchd; if a multi-component transformation is run (see clause A.3.6,"Table A.31), or shdll be

the

OTE 2 — This is intentionally the identity transformation for unsigned components. However, readers should be aware that|if the
vel shifting and/or inverse decorrelation transformation of Annex G of Rec. ITU-T T.800 | ISO/IEC 15444-1 is in effeft, an
ditional DC offset will be added to the reconstructed samples. This offset might be undesirable if the intent is to represent fldating
pint data. To prevent this DC offset, use mechanisms{tom this Recommendation | International Standard such as the M(ltiple
omponent Transformation (MCC and MCO markers) from Annex J, or the Variable DC Offset described in Annex B. For sjgned
.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).

Thisanrrex-desertbes-theregionof-interesHRODteehretogy—ARROHs-apartefantmage-thatisencoded-with-higher
fidel|ty than the rest of the image (the background). The encoding is also done in such a way that the informption
assogiated with the ROI precedes the information associated with the background. The method used (and describgd in

this gnnex) is the Scaling based method.

L.1 Decoding of ROI

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

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

1) Get the corresponding shape information and the scaling value, s from the RGN marker segment forfeach
ROI. The following steps 2-6 are applied to each coefficient (u, \i) of sub-band b.

2) Generate the ROl mask {M;(u, v)} for all ROI, see L.3 fordetails on how to generate the ROl mask.
3) For each coding block find the largest scaling value, Syax Tor any coefficient (u, v).

4)  For each coefficient in each coding block find the highest scaling value and set s(u, v) to:
s(U, V) = Sygx —max(s; - M;(u, v)) L-1)

where i = 0... Number of ROI-1

5) For each coefficient (u, v) discard the first s(u, v) MSBs and shift up the remaining MSBs s(u, v) places,
as described in Equation L-2, for =1, ..., My

_ (MSBisqupy(bu,v) ifi + s(u,v) < Np(u,v)
MSBi(b,u,v) _{ 0 ifi + s(u,v) > Ny (w,v) L-2)
6) Update the valte,of Np(u, v) as given in Equation L-3.
Ny (u, v) = max(0, Ny(u,v) — s(u, v)) L-3)

L.2 Description of the Scaling based method

This|subelause describes how to encode an image with one or more ROI. The encoding is given here as an informptive
sectipri.-However, failure to generate the correct ROl mask at the encoder side will greatly reduce the quality of the
decotetimmageamd witt ot ahowtosstess decoding:

L.2.1 Encoding with ROI (informative)

At the encoder side an ROI 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, Spax, and lowest, Spin,

scaling value for the coding block are found.
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Consider a quantized transformation coefficient, g(u,v), in the current coding block with corresponding scaling value, s
(where spin < S < spax)- After scaling, the individual bits of gp(u, v) end up abs(Smax—=S) bit planes lower than the
corresponding bits of a coefficient with s = sp5¢. The number of magnitude bits for this coding block will hence increase

by (Smax—SMmin)-

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.

Wheh the entropy coder encodes the quantized transformation coefficients, the bit planes associated with the Rdl are
codepl before or at the same time as the information associated with the background. The scaling value, s;, fareach| ROI

is specified by the user/application.

The method can be described using the following steps for a set of n ROI:
—  For each coding block in each component:
1) Generate ROI mask for all ROl i, {M; (u, v)}, see L.3.

2)  Find spin and Spax, Where Syin and spax are the smallest and largest scaling value in the current cqding
block, respectively.

3)  Add Sgjock = SMax—Smin LSBs to each coefficient |gp(u, v)|. The aumber M, of magnitude bit-pjanes
for sub-band, b, will then be:

My = My + Spiock L-4)
where My, is given by Rec. ITU-T T.800 | ISO/IE€\15444-1, Equation E-2, and the new value of|each
coefficient is given by:

lgp (u, V)| = 1gp(u, v)| — 2%Block L-5)

4) For each coefficient in each cading block find the highest scaling value and set s(u, v) to:
S(UVP = Syax — max(s; — M;(u, v)) L-6)
where i =0... Number of\ROI-1

5) Scale down all'coefficients so that:

| )|
|9 (u, v)| = 282 L-7)

6) _Foreach ROI write the scaling value, s, shape, and reference points into the codestream using the
RGN marker segment as described in clause A.2.5.

L.3 Region of interest mask generation

To aphieve an ROI with better quality than the rest of the image while maintaining a fair amount of compression| bits
need T0 be saved by sending Tess information for the background. To do this an ROI mask 1s calculated. The mask is a
bit-plane indicating a set of quantized transformation coefficients whose coding is sufficient in order for the receiver to
reconstruct 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 component,
and identify the samples that belong to the ROI in the image domain by a binary mask, M(x, y), where:

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

MQuv) = { (L-8)

The mask is a map of the ROI in the wavelet domain so that it has a non-zero value inside the ROI 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
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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.

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-s-done-forthe-various-filters—Similar-methods-can-be-used-forotherfilters

L.3.]
The

the methods described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain: ‘A rectang
ibed by four parameters, see Figure L.1, all signalled in the RGN marker, see clause A.2.5.Fhe parameters are
f the
f the

desc

(XArgn, YArgn, XBrgn, YBrgn) where XArgn and YArgn are the x offset and y offset of the upper left corner g
rectangle from the reference grid origin, respectively; YBrgn is the height of the rectangle; XBrgn is the width @
rectangle.

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

L.3.7

The plliptic mask described in this)subclause is generated on the reference grid. When generated on the reference
the methods described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain. An ellip

desc
(XAn
refer

The

Rectangular mask generation on the reference grid

ectangular mask described in this subclause is generated on the reference grid. When generated on the reférence

XArgn < x < XArgn + XBrgn
YArgn <y <YArgn + YBrgn

(XArgn, YArgn)

(XArgn + XBrgn — 1, YArgn + YBrgn — 1)
T.801(21)_FL.A

Figure L.I'—Rectangular mask on the reference grid

Elliptic mask generation-on-the reference grid

ibed by four parametetrs, see Figure L.2, all signalled in the RGN marker, see clause A.2.5. The parameter

ence grid origimy respectively; YBrgn is the height of the ellipse; XBrgn is the width of the ellipse.

correct mask, for the reference grid is given by Equation L-10.

YBrgn? - (x — XArgn)? + XBrgn? - (y — YArgn)? < XBrgn? - YBrgn? (1

grid
le is

L-9)

grid,

se is
5 are

gn, YArgn, XBrgn,.YBrgn) where XArgn and YArgn are the x offset and y offset of the center of the ellipse from the

-10)

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

|
(X4 rgn,: YArgn)

1 T.801(21)_FL.2

Figure L.2 — Elliptic mask on the reference grid

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)

135


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

1SO/

IEC 15444-2:2021 (E)

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 ROI 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.

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 ROI mask is decomposed. An ROI mask for the tile-component
is derived first, starting from the ROI 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.

Instepd of calculating the wavelet coefficients using the lifting steps, as described in Annex H, the lifting stepsfd
invetse discrete wavelet transformation are followed in reverse order and in each lifting step the wavelet coefficient
are ysed to reconstruct wavelet coefficients that correspond to non-zero samples in the ROl mask are folind.”For

lifti

to refonstruct the wavelet coefficients that correspond to non-zero samples in the ROl mask are set.to>non-zero v3
The mask generation shall take into account what type of filter that has been used by the transformation and also wh

orn

This

L.3.4
This

step, the ROI mask is updated so that all samples that correspond to wavelet coefficients that would have been

t the SSO transformation has been used. The different cases are described below.
is done by replacing Equations H-4, H-5 and H-7 by:
Let the 1D mask, to be decomposed, be Reyt.

For each lifting step s where s ranges from 0 to N s — 1,

r the
that
each
used
lues.
bther
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a)
if(Rexe(2n+mg) == 1)
then
(Rexe(2n+ 1= my + 20k + of £))) =dforallk = 0,..., L — 1
and
Rext(2n +mg) =1 (1-11)
where Ry are the samples in the RO mask, M;(u,v) corresponding to Ve in Equations H-4, H-5 and|H-7.
R, is Rey after lifting step s. Moreover, mg = 1 — 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 number of
lifting coefficients for lifting step s.
b)
Rext = Rext -12)
|.1 Single sample-overlap
is done by replacing Equations 1-12 and 1-14 by:
For each/Tifting step s where s ranges from 0 to N; g — 1,
a)
for all n except n,p=01,...,N;:
T (R(Zn Fm,) == 1):
R'(PSEy,(2n + ms — (2k + 1))) = R'(PSEy ,(2n + ms + (2k + 1))) = Lfork = 0,..., Ly — 1
for all np,p=01,...,N;:
if (R(n,) == 1):
R(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
(mg = 0) or odd-indexed coefficients (mg = 1), and where Ly is the number of lifting coefficients for lifting step

s. Ny, p, np and PSEq, () are defined as in Annex I.
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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 ROl mask

L.35 Fast generation of a rectangular mask (informative)

In the case of a rectangular ROI, the mask can be derived more quickly than for arbitrary shapes. In this case, instehd of

tracing how each coefficient and pixel value is reconstructed in the inverse transform, only two positions reed
studied, namely the upper left and the lower right corners of the mask. The top-left corner, (X, y1) on the referency
will pe given in the RGN marker segment as XArgn, YArgn, and the bottom right corner (xy, y2), on thelreference
will pe given by the parameters in the RGN marker segment as (XArgn + XBrgn-1), (YArgn + YBrgn-1), respec?vely
(see flause A.3.8). The mask generation shall take into account what type of filter that has been used by the trans

This|can be combined with the single sample overlap transform.

In edch level of decomposition, the steps described in the previous subclause are followedto-see how the mask exp

Let the 1D mask, to be decomposed, be Reyt, and let x; and x, and be the lowest and highest indices of non-zero san

in Rext.
1) For each lifting step s where s ranges from 0 to N g — 1,

a) Find the lowest sample index (2n + mg > x4) that is indhe'mask

x, =2n+1—mg + 20ff;

if(x, >%;):
%= xy

b) Find the highest sample index2n"+ mg < x,

xy=2n+1-ms+2(Ls— 1+ off)

if(x, > x,):
X3 = X;
X, = X1,
c) Set e
x2 = x2

Let 41l samples between x; and x,, inclusive, be non-zero and then separate the ROl mask samples into sub-band
samq way as the wavelet coefficients are separated in using the deinterleave procedure described in clause F.4.5 of

where mg = 1 — mg_1 indicates whether the sth lifting step applies to even-indexed coefficients (mg =
odd-indexed coefficients (mg = 1), and where L is the number of lifting coefficients for lifting s

(1

(

(

(1

0 be
grid
grid

orm.

nds.

ples

-15)

-16)

-17)

-18)

0) or
ep s.

5 the

Rec.

ITU-T T.800 | ISO/IEC 15444-1.

L.3.5.1 Single Sample Overlap

In each level of decomposition, the steps described in clause L.3.4.1 are followed to see how the mask expands.

Let the 1D mask, to be decomposed, be R and let x; and x, be the lowest and highest indices of non-zero samples in R.

1) For each lifting step s where s ranges from 0 to Ny g — 1,

a) Find the lowest sample index (2n + mg > ;) that is in the mask

ifx; =ny,p=0,1,...,N;:

X1 = X1

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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else
x; = min(PSEp ,(2n + ms — 2k + 1)),k =0,..., Ly — 1 (L-19)
if(x; > x;):
X, =X (L-20)

b) Find the highest sample index 2n + mg < x,

ifx, = n,,p =0,1,...,N;:

'

Let &

samg
ITUA

L.4

L.4.]

The
in th

L.4.

For t
are d
samy

L.4.3

This
easil
The
deco

X2 = X2
etse
x; = max(PSEy ,(2n+ ms + 2k + 1)),k =0,...,L; — 1 (L-21)
if(x, < x5):
X, = Xy (1-22)
) Set™ v
xZ = x2

where mg = 1 — mg_; indicates whether the sth lifting step applies to even-indexed coeffig
(mg = 0) or odd-indexed coefficients (mg = 1), and where L is‘the number of lifting coefficien

Annex I.

way as the wavelet coefficients are separated in using the deinterleave procedure described in clause F.4.5 of
T T.800 | ISO/IEC 15444-1.

Remarks on region of interest coding

Usage together with Maxshift method deseribed in ITU-T T.800 | ISO/IEC 15444-1

Maxshift method described in ITU-T T.800 | ISO/IEC 15444-1 shall not be used together with the method desc
s Recommendation | International Standard:

Multi-component remark (informative)

he case of colour images, the method applies separately in each colour component. If some of the colour compo
own-sampled, the mask for the down-sampled components is created in the same way as the mask of the non-d
led components.

Implementation\Precision remark (informative)

ROI coding method might in some cases create situations where the dynamic range is exceeded. This is how
 solved by simply discarding the least significant bit planes that exceed the limit due to the downscaling operg
bffect will'be that the ROI will have better quality compared to the background, even though the entire bit stre

signifficaft bit-planes for the background might have the result that the background is not coded losslessly; and i
worst edSe the background may not be reconstructed at all. This depends on the dynamic range available.

fed. It.might however create problems when the image is coded with ROI's in a lossless mode. Discarding

ients
s for

lifting step s, and where offs is the offset for lifting step s. Ny, p, np and PSEg, p() are defined fas in

Il samples between x; and Xp, inclusive, be non-zero and then separate the ROI mask samples into sub-bands the
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Annex M

JPX extended file format syntax

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

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

M.1 File format scope

data|This format is an extension to the JP2 file format defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,;Anrex |. While
not dll 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[annex defines an optional file format that applications may choose to use to contain JPEG 2000 compressed i\:page

Thisfannex:
—  specifies a binary container for both image and metadata;
—  specifies a mechanism to indicate image properties, such as the tonescale\or colourspace of the imagg;

—  specifies a mechanism by which readers may recognize the existence of intellectual property nights
information in the file;

—  specifies a mechanism by which metadata (including vendor<pecific information) can be included in|files
specified by this Recommendation | International Standard;

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

M.2 Introduction to JPX

As defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, AnnexX I, the JP2 file format provides a method by which applications
can Interchange images files in such a way that all.conforming readers can properly interpret and display the inpage.
Howgver, some applications require extensions to\the JP2 file format that would prevent the file from being properly
interpreted by a conforming reader. For example, an image encoded in a CMYK colourspace will not be properly
interpreted by a conforming JP2 reader.

Placing these non-compatible extensions into a JP2 file will introduce confusion in the marketplace, as a situatior] will
existjwhere some readers can interpret'some JP2 files but not others. While this confusion is inevitable when you congider
the dlobal set of all applications profiles, it shall be avoided in some applications, such as on the consumer desktop.

Thug this annex defines a seeond file format to be used in applications that require functionality or data structures belyond
thosg defined in the JP2 file-format. This file format is called JPX.

M.2, File identification

JPX files can beridentified using several mechanisms. When stored in traditional computer file systems, JPX files should
be given thefile'extension ".jpf" (readers should allow mixed case). On Macintosh file systems, JPX files should be given
pe code'jpx\040'.

ver, 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.
Many boxes are defined by this Recommendation | International Standard. In addition, other Recommendations |
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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.7Z.3)}:
\ 77

— defining a new method to allow the use of any input ICC profile (the Any ICC method, clause M.3.Sl);

— defining a new method to allow vendors to define unique codes for colourspaces without consultation|with
a third-party (the Vendor Colour method, clause M.11.7.3);

— allowing the use of extensions of the multiple component transformation and non-linearity transformption
extensions within the codestream (see Annexes J and K).

M.2}4  Specification of opacity information

The JPX file format specifies two extensions for specifying opacity information. First, thé\file format allows for opgcity
chanhels to be stored in a separate codestream from the colour channels of the image. [n many image editing applicatjions,
the dolour data and the opacity data are edited separately, and thus it is useful te-allow those channels to be storpd in
sepafate codestreams. This is described in the compositing layer architecture deseription in clause M.5.

Secondly, the JPX file format allows for the specification of fully transparent samples through a chroma-key. The file
formiat specifies an array of sample values, one from each colour channgb."image locations that contain that combingtion
of sgmple values shall be considered fully transparent. For example, the chroma-key may be specified as red =134,
greef = 92 and blue = 47. Any location with this combination of ted} green and blue sample values shall be considered
fully|transparent. This is defined in the specification of the Opagcity box in clause M.11.7.6.

M.2b  Metadata

In addition to specifying how the image data shall be.stored, this Recommendation | International Standard defings, in
Anngx M, a number of metadata elements. These@lements specify information such as how the image was crepted,
captyred or digitized, or how the image has\been edited since it was originally created. This Recommendatjon |
Interhational Standard also includes the ability~to specify intellectual property rights information, as well as the coptent
of the image, such as the names of the people and places in the image.

In aqdition to the metadata defined within this Recommendation | International Standard, other forms of XML-hased
metadata and descriptions , may be embedded in a JPX file within XML boxes, such as those defined in Annex N.

Furthermore, the MPEG-7 bipary box (as defined in clause M.11.19) may be used to store MPEG-7 binary (BiM) fgrmat
metadata.

M.2, Storage of @ codestream within JPX

In JH2, the entire codestream is required to be stored in a contiguous portion of the file. However, this restriction can be
problematic fgr_some applications. Image editing applications, for example, may desire to modify a single tile of the
image and to'write the modified tile to the end of the file without rewriting the file. Image servers or internet applications
may |desite to split the image up into multiple files on different disks or spread the codestream across the internet| The
JPX [filexformat allows these features by allowing the codestream to be divided into fragments. The fragmentatign 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
relatjve to a colourspace

OTE — For most computer architectures, the first conversion stage is transparent and requires no additional operation; arld the
s¢cond stage is usually realized as "casting" operation to the target type.

A ngn-integer pixel format is specified as follows: The desired sample format is encoded in a Pixel Farmat box| (see
clauge M.11.7.8) which is a sub-box of the Compositing Layer Header box or the JP2 Header box. The-total number of
bits fequired to represent samples in the requested format replaces the channel depth information of integer formatg. For
exanpple, ISO/IEC/IEEE 60559 single precision floating point numbers require 32 bits for their répresentation; henge the
chanpel depth will be 32. This information is either recorded in the Image Header box (see clause’M.11.5.1) if the channel
deptip is identical for all channels, or in the Bits Per Component box (see clause M.11.5,2).if the channel depth differs
acrogs channels. Furthermore, if the channel data is created indirectly through a palette,the” channel depth generatgd by
the palette lookup process is indicated in the B field of the Palette box (see 1.5.3.4 of Red. ITU-T T.800 | ISO/IEC 14444-
1) which then carries the relevant information for further sample interpretation.

The jnformation on the total number of bits is augmented by information from_the Pixel Format box if it is present. In
addifion to the numerical representation of the samples in the channel jt-also refines the format by splitting the |total
number of bits of a sample into integer and fractional, or exponent and mantissa bits. For fixed point data, the Pixel Fqrmat
box |ndicates the number of fractional bits, i.e., the number of bits right of the (binary) point, for floating point dpta it
indigates the mantissa bits of the floating point format, not including any implicit (hidden) bits. The number of infeger
(nontfractional) or exponent bits can then be derived from the’total number of bits per sample and the fractiongal or
mant{issa bits. Further information on floating point number engodings are found in ISO/IEC/IEEE 60559.

Fixe¢l point and floating point samples are mapped- to’,device colours by means of the Colour Specification| box
(see plause M.11.7.2) in the same way as integer samples are mapped to device colours. For that, the Channel Defirfition
box (see clause M.11.7.5) defines which channels are-used to generate which device colours. This process differs forjnon-
integer samples from integer samples only in so far-as the maximum intensity of the device colour is no longer represgnted
by tHe maximum possible integer channel valug;-but as the value 1.0 expressed in the corresponding fixed point or flopting
point format. The handling of sample values-outside of this range is implementation specific. For further informatign on
the mapping from channel values to device colours, read clause M.11.7.2.

M.299  Support for JPEG XR-Codestreams

This|Recommendation | International Standard also allows the encapsulation of codestreams of other image comprepsion
Recdmmendations | Standatds, such as JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2); the JPX file formaf can
reprgsent all metadata-enicoded in the TIFF-based file format of JPEG XR in boxes defined in this Recommendation |
Interhational Standard:»A recommendation of how the JPEG XR TIFF-based container should be mapped into the] JPX
file format is founig-in clause O.5.

The [File TypesBox of a Rec. ITU-T 802 | ISO/IEC 15444-2 file containing a Rec. ITU-T T.832 | ISO/IEC 29199-2
compliant godestream shall have the following values in the compatibility list CL! (see Rec. ITU-T T.800 | ISQJIEC
15444¢1, clause 1.5.2 and Clause M.11 in this Recommendation | International Standard) if JPEG XR codestreamf are

e o
presentrmce e
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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.

cor

NOJTE - Brand values 'jxr0' to 'jxr3" indicate JPEG XR profiles of this Recommendation | International Standard. The

sponding profiles are defined in clause M.9.2.
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Greyscale/Colour/Palette/multi-component specification architecture

JPX file format builds on the flexible colour architecture defined in the JP2 file format. ColourSpace specifica
becified within Colour Specification boxes, as originally defined in JP2. However, JPX extends this box (withi
y structure limitations defined in JP2) to allow other methods to be used to specify thecolourspace, and to all
r to select from the different colourspace specifications found in a single file when interpreting an image.

1  Extensions to the Colour Specification box header

2, the APPROX and PREC fields were reserved for future use; JP2 writers*are required to write default valueg
fields. In JPX, these fields are defined and can be used by a JPX reader to-make intelligent processing choices

fions
h the
oW a

into

th JP2 and JPX, a single file may contain multiple representations-afithe colourspace of the image. For exam

icted ICC profiles allows less complex readers to get a "good enough” result. Specifically, the Restricted ICC p
is example is an approximation of the complex ICC.profile. This approximation is specified within the C
fication box, and allows a reader to make trade-offsawhen interpreting the image.

Colour Specification box also allows the writer to associate a precedence with each method. This inform
fies a default priority in which the multiplecolourspace specifications should be considered when selecting W
fication will be used to interpret the decompressed code values.

ever, the use of both the approximation and precedence information is beyond the scope of this Recommenda
hational Standard. Applications«are free to consider both pieces of information together and to define their
ities for selecting which colourspace method to use when interpreting the image. For example, in a fast-pre

se the more complex profile.

P Extensions to-the Enumerated method

hational Standard defines a mechanism by which vendors or other standards bodies can register additional valug
numCS.field in the Enumerated Method. In general, there are no implementation requirements for these addit
ed oriregistered colourspaces. Requirements for interpretation of specific spaces are defined within thd
brmance definition.

le, a

image may contain an enumerated value, a complex ICC profile; and a Restricted ICC profile. These multiple
ods are included to maximize interoperability as well as to provide optimized access. In this example, the enumejated
allows quick recognition, the complex ICC profile allowscaccurate interpretation using a full ICC engine, anf the

ofile
blour

htion
hich

ion |
own
View

, Where speed is more important then quality, an application may desire to use the Restricted ICC profile even if it

PX format defines enumerated values for several additional colourspaces. In addition, this Recommendation |

s for
onal
file

Ina

dition, 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
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M.3.3  Any ICC method

In the JP2 file format, the Restricted ICC method was defined, allowing images to be encoded in a wide range of RGB
and greyscale spaces. However, many colourspaces, such as CMYK and CIELab spaces, cannot be represented using the
restricted set of ICC profiles allowed by the Restricted ICC method. JPX lifts this restriction by defining a separate method
to allow any legal ICC input profile to be embedded in the file. This is a separate colour method than the Restricted ICC
method, which is also legal in a JPX file. Applications shall not use the Restricted ICC METH value for embedding non-
Restricted ICC profiles.

M.3.4  Vendor Colour method

While this Recommendation | International Standard defines a method by which new colourspaces can be registered, the
reglstratlon method is not approprlate for use for defining codes for vendor specmc or prlvate colourspaces To allow the

integer codes, the Vendor Colour method uses UUID's. These UUID values are generated by application developefs yhen
the definition of a particular colourspace is created.

It is Jegal to specify a Vendor Colour value in every JPX file. However, no reader is required to carrectly interprgt the
image based solely on the Vendor Colour method. If an image writer desires to maximize interoperability outsidg the
scopg of the target application, it should use additional colour methods in the file (such as the. Any ICC and Restrjcted
ICC polour methods).

M.35 Palettized colour

Paleftized colour is specified and works exactly as defined in the JP2 file formatCA palettized image would contpin a
Palefte box, which specifies the transformation from one to many components. The many components generated bl the
palette are then interpreted by the rest of the colour architecture as if they had been stored directly in the codestrean.

M.3§6  Using multiple methods

The PPX file format allows for multiple methods to be embedded in a'single file (as in the JP2 file format) and atows
othef standards to define extensions to the enumerated method and to define extended methods. This provides regaders
confprming to those extensions a choice as to what image progessing path should be used to interpret the colourspafe of
the image.

If the file is to be JP2 compliant, the first method foundiin the file (in the first colourspace specification box in th¢ JP2
Header box) shall be one of the methods as defined-and restricted in the JP2 file format. However, a conforming|JPX
readg¢r may use any method found in the file.

M.3J7  Interactions with the decorrelating multiple component transformation

The ppecification of colour within the dPX file format is independent of the use of a multiple component transformption
or ngn-linearity correction within the'codestream (the MCT, MCC, MCO and NLT markers specified in clauses A.3.7,
A.3.8, A.3.9 and A.3.10, respectively). The colourspace transformations specified through the sequence of Celour
Spedification boxes shall be applied to the image samples after the reverse multiple component transformation and reyerse
non-|inearity correction has-been applied to the decompressed samples. While the application of these decorrelpting
component transformations\is separate, the application of an encoder-based multiple component transformation will pften
imprpve the compression of colour image data.

M.4 Fragmenting the codestream between one or more files

Another important feature of the JPX file format is the ability to fragment a single codestream within a single fifle or
acrogsgnultiple files. This allows applications to implement such features as:

— _edit an image, resaving the changed tiles o the end of the Tile;
— 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
not point to the start of a box containing that fragment.

—  The length of the fragment, in bytes.

does

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

frag

Figu
fragr
exist

In th
show

within the same Media Data box. For each fragment, the fragment list specifies the offset and-the length of each fragr

hents, then the codestream shall be encapsulated within one or more Media Data boxes (defined in clause M.11

e M.1 shows how a fragment table is used to specify a complete codestream in an example JPX filg\whg
nents are stored within the file itself. Because the data reference table was empty (no external references)y it ma|
in the JPX file. Boxes other than the fragment related boxes are not explicitly shown.

s example, the codestream is divided into four fragments. The dark lines on the bottom of the’Media Data b
the portion of the contents of that Media Data box that represents the fragment. Two of those'fragments are cont
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y not
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The pffset values point to the first byte of the codestream data, relative to the beginning of the’file. For example, thq first
fragment is at the start of the contents of a Media Data box. The offset to that fragment.is\to the first byte of the contents
of the box, not to the start of the box header. The length values specify the length only.of the actual codestream data for
that fragment.
JPX file
Media data Media data | | Media data | Fragment table
y A A h '
Offset/length
Fragment table
4
Fragment list
T.801(21)_FM1
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and then parses the offsets and lengths from the fragment list. The application could then simply seek to the loca
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Figure M.1 — Example fragmented JPX file where all fragments are in the same file
tract the complete codestream from the file, an application locates the fragment table for that codestream in thq

fied by the offsets-and read the amount of data specified by the length.

e M.2 shows.how a fragment table is used to specify a complete codestream in an example JPX file when sor
agments are,stored outside the file. In this case, the file shall contain a Data Reference box.
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Figure M.2 — Example fragmented JPX file where some fragments’are stored in other files or resources

s example, two of the fragments are stored in separate but locally accessible files, and one of the fragments is s
S the internet.

Combining multiple codestreams

FM.2
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fication. This mode of operation is identical to that offered by JP2 except that JPX offers a wider ran

colodirspaces and specification methods. Ih addition to this, JPX offers a rich set of methods for combining mu
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Ina
arer
asa
a filg
and 4

For 4

streams to form the rendered result.

PX file it is possible to store multiple JP2 style "images." In the context of a single JPX file, these separate in
eferred to as compositing layers. Each compositing layer comprises a set of channels that an application should
Init for the purpose of rendering. The JPX file format includes syntax for specifying how the compositing lay¢
should be combined by)the reader application to produce the rendered result. Both simple still image compos
nimation are supported.

xample, one layer'may be a simple RGBA codestream. Another layer may consist of R, G and B channels gene

by t

e application/of a palette to one component from codestream 1, and an opacity channel directly extracted

codeptream 2.

In a JPXfile, it is additionally possible to store a single image (or compositing layer) using multiple codestreams.
for ekample, allows the separation of RGB components from an opacity channel component. This would permit a s

e simplest JPX file, a rendered result is generated by decompressing a single codestream to one or more %age

nels and properly interpreting them in the.context of the associated colourspace specification and optional oppcity

e of
tiple

ages
treat
rsin
iting

rated
from

This,
ngle
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ity channel to be reused In other compositing layers in the JPX Tile. The Tile format also Includes syntax Tor specl

ying

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
process of mapping codestream components to channels is exemplified in Figure M.3. Multiple codestreams are combined
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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 \ f Component \ / Channel definition \
registration mapping
o |
> » R
< PP 0 /—\ 3 1 H Pt s
L OACSITCAn{uU] > » T alclic » L ALV ] =% CUIour SpTCIIICAatIion
5 :
I:Codestream[l] > \/ NI A ---+ Auxiliary specification
T.801(21) JFM.3
Components Channels

Figure M.3 — Example combination of two codestreams into a single cempositing layer

M.5[1.1 Establishing a sequence order for compositing layers

A sefluence order for compositing layers is required for any subsequent rendering or animation of the file. In the simplest
case fthere are no Codestream Registration boxes in the file. In this case, which includes the case where all of the hegders
are present as global defaults, codestreams map directly to compositingiJayérs and the compositing layer sequence ¢rder
is giyen by the sequence order of the codestreams in the file.

If a Component Registration box is present in any Compositingdayer Header box, then there shall be one Compogiting
layel| header box for every Compositing Layer in the file, each containing at least one Component Registration bgx. In
this ¢ase, the order of compositing layers is given by the sequence order of compositing layer header boxes in the fije.

M.5]1.2 Establishing an order for channels in a compositing layer

Whefe multiple codestreams are combined it is necessary to establish a sequence order over the combined set of chapnels
generated from them. This sequence order is.required so that specific channel numbers can be associated with channel
defirjitions when using a Channel Definitian box.

Channel ordering is zero based and performed independently for each compositing layer present in the file. The f|rst n
chanpels (numbered 0 through to n 1) within the scope of a particular compositing layer are contributed by chapnels
defirjed by the first Codestream Header box referenced in the layer's Component Registration box (where we assumg this
codeptream generates n channels), the next m by the next codestream referenced in the layer's Component Registrption
box,[and so on. Within eadeh codestream, channel ordering is determined by the order of entries in the codestrdam's
Component Mapping hox;or by the order of components in the codestream if no Component Mapping box is preseft.

M.5]1.3 Establishifnig a sequence order for codestreams

A sefjuence order for codestreams is required for the subsequent ordering of compositing layers and in particular fgr the
case whererene or more compositing layers comprises more than one codestream.

Codgstreams are aSS|gned a sequence order equal to therr posrtlon in the frle startrng W|th zero. In the case wh bre a
Frag r 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.

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
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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 this specification, found at the file level (not contained within any other superbox) shall also be
considered as containing global default information. As with header boxes, these global defaults may be overridden or
augmented on a per codestream or per compositing layer basis by the inclusion of corresponding boxes in the codestream
or layer header superboxes.

M.5.2.2 Cross-referencing headers and metadata

A Cqdestream Header box or Compositing Layer Header box may also contain a cross-reference to a box stored in‘anpther
location. This cross-reference is very similar to the Fragment Table box used to specify the location of a fragmegnted
codeptream. In fact, a Cross-Reference box uses the same data structures as the Fragment Table box, with.the-additipn of
afield to specify the type of box being referenced. If a Codestream Header box or Compositing Layer Header box contains
a Crgss-Reference box, the reader shall consider the box pointed to by the reference as if it had been physically contined
withjthe header. Cross-Reference boxes may be used equally for header and metadata.

M.52.3 Labelling and association

The Association box may be used to share a label (or other metadata) between codestréams and compositing layefs by
the ipclusion of a Number List box within the Association box. A Number List box réfers, by number, to a set of entities
in the file. If the first box within an Association box is a Number List box, then any.other boxes within the Associption
box yill be associated with all of the entities referred to by the Number List box

M.5.4 Compositing layer extensions

The [Compositing Layer Extensions box can be used to specify a repeating pattern of compositing layer headerg and
(optipnally) codestream headers.

A file which contains a Compositing Layer Extensions boxesccan be meaningfully interpreted by readers which dp not
understand the Compositing Layer Extensions box, because all top-level Codestream Header boxes and Compogiting
Layar Header boxes shall precede any Compositing Layer,Extensions box and all compositing instructions found wjithin
a Compositions box shall refer only to top-level compesiting layers. The Compositing Layer Extensions box may be|used
only|when there are a well-defined number of tap=zlevel codestream headers and top-level compositing layers, which
means that at least one Codestream Header box.and at least one Compositing Layer Header box shall appear at thg top-
level| of the file.

A Cpmpositing Layer Extensions box defines one or more additional compositing layers, zero or more additjonal
codeptream headers and zero or more:-additional compositing instructions, to augment the information provided by top-
levell Codestream Header, Compositing Layer Header and Composition boxes.

Each Compositing Layer Extensions box has an associated repetition factor Mjclx. The Compositing Layer Extengions
box Implicitly defines Mjclx+Cjclx additional codestream headers and Mjclx - Ljclx additional compositing layers, wWhere
Cjclx and Ljclx are the aumber of Codestream Header boxes and the number of Compositing Layer Header boxeq that
are fpund 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
Extepsions 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 procgdure

that gcCounts for the repetition index. A similar remapping procedure is applied to the Number List boxes which may be
fount 7, - . . ot et . : et

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.

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
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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
layer is present for the current instruction.

Instructions found within the top-level Composition box are applied only to top-level compositing layers (i.e.,
compositing layers other than those defined by Compositing Layer Extensions boxes). Instructions found within a
Compositing Layer Extensions box apply only to the compositing layers defined by that box.

M.53.1 Composition rendering

The gomposition data defines the width and height of a render area into which the compositing layers are ta'be-rendered.
The $ize of the render area is the size of the rendered result and can be thought of as the overall image Size. Paramiters
in each render instruction may specify:

— arectangular region to crop from the source compositing layer;

—  the location to place the top left corner of the (possibly cropped) compositing layer with respect to the top
left corner of the render area;

—  the width and height of the region within the render area into which the\(possibly cropped) compoditing
layer is to be rendered.

For gxample, in a composite image using an RGBA colour space for all compositing layers, the current compositing Jayer
(R, Bt, Bt, Ay) is ideally rendered over the background (Rp, Gy, By, Ap) te’form the composed image (R, Gc, B4, Ac)
accofding to the following equations:

Ac=1-(1-A4) (I=A4p)
A

S=A—

c
(44
=
R.,='sR, + tR,
. = sG, + tG,
B. = sB, + tB, (M-1)

t

In the case where the bottom sample isifully opaque, this simplifies to:

Re = AR + (1 - ApRy
Ge = AiGe+ (11— ApGy
B, =AB.+(1—-A)B, (M-2)

Howgver, the abovegquations require access to the background pixel, and for a variety of reasons, individual applications
may |not be willing-or able to support such a rendering process. It is possible to emulate continuous alpha blending [even
in these cases by thresholding or dithering the provided alpha channel in order to generate a set of completely transpprent
or completely. opaque pixels which can be rendered using simple pixel replacement over an unknown backgrqund.
Spedification of such methods is however outside the scope of this Recommendation | International Standard.

M.5.32—Amimationm moget

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 displ
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
instruction. In practice this combination may occur for a sequence of more than two instructions and

ayed

next
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 mo

de, a

In g8
inat

M.5]

Com
the
sequ
whic

comyppositing layers with instructions.

The
for N

virtual compositing layer is created (off-screen) by executing the instructions in the frame defir
sequence. The PERSIST and LIFE parameters for the closing instruction of a frame definition afe ap
to the virtual compositing layer as a whole. That is, upon close of frame composition mode;-all g
compositing layers involved in the frame composition sequence acquire the PERSIST and LIFE valu
the closing frame in the sequence.

—  When LIFE is the maximum value that can be stored the reader shall interpret this as axéquest for inde
life. If the driving application has the capacity, it shall progress to the next instruction upon completi
some predetermined user interaction such as a mouse click. In addition to its use,in animations, this fe
may be used in files that store multi-page documents in order to force the readerto pause after compos
of each page.

neral, screen updates shall not be performed after an instruction which has zeto_LIFE unless it is the last instru
rame composition sequence.

3.2.2 Assigning compositing layers to instructions and layer reuse

pression of animated sequences is considerably improved if compositing layers can be reused in multiple framg
Ame time it is desirable that instructions only reference compesiting layers that have already been decoded g
entially next in the file. Further, decoders can better optimize their caching of compositing layers if they ca
h layers are to be reused ahead of time. These policies are enforced in JPX via the discipline used to assg

First instruction is always associated with the first.gompositing layer in the file. This instruction may specify a
EXT-USE. This value is interpreted as the number of instructions, including the current instruction, until the cu

com

agairn and may be forgotten. A value of one impliés that the current compositing layer is to be used with the next instru
and 4o on. The reader shall maintain a record.of which instructions have been assigned compositing layers in this fas
Whepever an instruction is encountered.that does not have a compositing layer assigned to it, the next unused compos
layel| defined in the file in sequeneevorder shall be used; the use of NEXT-USE does not specify a loop. A s

com

M.5,

It is
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loop|ng. Looping)impacts the caching strategy used by the reader as many readers will not wish to free any compos

layer

ositing layer is reused. A value of zero indicates to the reader that the current compositing layer shall not be

ositing layer may be reused-any’number of times in any given animation.

3.2.3 Looping animations

possible to specify‘that an animation should be looped. That is, when the animation has been fully rendereq
r resets the display'to its initial state and displays the animation over again. A loop count is optionally specifi
Df the compasition options. As with life, the maximum value for the loop parameter is used to indicate inde
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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).

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:
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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 Reader Requirements box.

Inge, eatereeton rattt-satisfies-thetreo S S-ottHheaHpoty roraer-tope-assttres 0
able o read enough of the file to fulfil the creator's intent. On the other hand, an editor may want to inform a user'if fhere
is anly aspect of the file that it does not know how to support. Because all JPEG 2000 family files are not(necéesgarily
interpperable with all JPX readers, these expressions describe each aspect of the file, and the combination.of feature$ that
shall{be supported to interpret the file correctly.

M.6JL  Types of expressions

M.6/1.1 Fully understand aspects

An ehcoded expression is used to describe all of the items contained within the file, and thelcombinations of functiorality
required to read these items. This expression describes each major option a reader has for processing the features df the
file, regardless of whether support for a particular feature is required to make use.0f'that aspect of the file. For example,
a filg may contain metadata describing an original file from which it was created; however, a reader is not requirgd to
understand this metadata in order to correctly use the file.

M.6/1.2 Display contents

A segond expression is used to describe the functionality required to display the contents of the file as desired. Filesimay
contgin several representations of a single image, so that the expression to display the contents correctly may in¢lude
sevefal options.

M.6J1.3 Fallback

In the event that a file cannot be displayed as desired by the writer, a fallback method for displaying the file is defjined.
The fallback methods are intended to be ultimately interoperable, as such, they may not generate the exact desired odtput.

A ligt of fallback methods is stored in the File:Type box at the beginning of the JPEG 2000 family file: all files which
startjwith a JPEG 2000 Signature box shallcontain a File Type box. The File Type box contains a list of known methods
of rdading the file. For example, thetJP2 file format defines the JP2 fallback position. This specifies that a r¢ader
confprming to the JP2 file format specification, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause 1.2.6, canjread
the flle.

This|Recommendation | International Standard defines one additional fallback position, JPX baseline, as defined in cJause
M.9.| These define other minimal readers, and a set of file formats that are guaranteed to be readable by those readefs.

Falljack methods are ‘stored in the File Type box. The order within the box is of no significance. When a reader supports
morg than one of the.fallback methods described in the file, it is up to the reader to determine which fallback methods to
use.

M.6R <EXpression representation

The pxpressions of the requirements to fully understand all aspects. and to display the file as desired are stored ip 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.

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.
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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)
, for
Table M.1 — Example expression
A B C D E
1 0 0 1 0
The full expression is written in table form (see Table M.2):
Table M.2 — Expanded expression
A|D B|D C|D E
1 0 0 0 A
0 1 0 0 B
0 0 1 0 Cc
1 1 1 0 D
0 0 0 1 E
withleach sub-expression in a column of the table. Thus,.to:satisfy the requirements of this expression, a reader has to
suppprt one of the functionalities in each column of the table.
Howgver, there are two expressions to be encodéd, and they will, in general, share common factors (becaus¢ the
functionality required to display a file is part of'the functionality required to fully understand its contents). Thus, th¢ two
expressions are combined into one table, anda-bitmask is provided to determine which columns in the table belopg to
eachlexpression. So, if the expression in Equation M-3 is Display Contents and if the expression for Fully Understand
Aspdqcts is:
((A|D)&(B|D)&(C|D)&E) & (F|G) (M-5)
then| noting that the expressien 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
T T T 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

is11
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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 in reading the file, by extracting the row corresponding to each functionality present.

M.6.2.2 Encoding requirements expressions

The requirements expressions are encoded in the Reader Requirements box, starting with a mask length, indicating the
widt| ihitity bi ; fstorm—ThisT i ects
and Display Contents expressions, and in turn by a list of the features used and their compatibility masks, obtained from
the rpws of the expression table.

The Jist includes a set of standard features used (as specified in Table M.14) and their compatibility bitmasks, follpwed
by a[list of vendor-specific features (represented as UUIDs), together with the compatibility bitmasks. associated with
thesq. Apart from the separation into standard and vendor-specific features, the order of presentation, is‘unimportant.| This
strucure is fully specified in clause M.11.1.

M.62.3 Examples

For ¢xample, consider an image processing program that produces a JPX file containing a single image in the SRGB
colodir space, and a multiple codestream version containing the compositing layersto allow an editor to work with the
image, and includes metadata containing the history of the file, then the requirerhent to display the file is:

sRGB & (single codestream | (multiple codestream.&Compositing)) (M-6)

and fo fully understand the file requires:

SsRGB & (single codestream | (multiple codestream & compositing)) & metadata (M-7)

Equdtion M-6 factors as:

sRGB & (single codestream | multiple codestream) & (single codestream | compositing) (M-8)

Equdtion M-7 factors similarly, so the sub-expressions are:

a) SRGB;

b) single codestream/| multiple codestream;

c) single codestregam< compositing;

d) metadata,

The fesulting expression table and bitmasks is shown in Table M.4.

The pitmasks indiCate which sub-expressions are required for each degree of functionality. Thus the expression for
Dispjay Contents’is:

(Sub-expr a) & (Sub-expr b) & (Sub-expr d) (M-9)
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Table M.4 — Example of a Reader Requirements expressions for Equations M-6 and M-7

Sub-Exp a
Sub-Expc

SRGB
single codestream
multiple codestream

compositing

metadata

Fully Understand Aspects bitmask

Rlrllo|ojr|r—|oO Sub-Epr
o|r|r|o|o|o|lo| Sub-Expd

Rlr|lo|lo|lo|lo|r
Rlr|lolr|lo|lr]|o

Display Contents bitmask

Thug, the above table is stored in the file as shown in Table M.5:

Table M.5 — Example of a Reader Requirements box for Equations M-6 anehM-7

Mask Length (in bytes) 19
Fully Understand Aspects bitmask 1 1 1 ¥
Display Contents bitmask 1 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
4 1 byte, because masks are 4 bits wide, which fits into 1 byte.

As a|second example, suppose the!ACME printer driver produces a JPX file which contains a single codestream sRGB
image, for display, and a CMY K.image which can be read by a printer driver using ACME's vendor-specific functions.
For this file, the expression.ta_Eully Display Contents is:

(sRGB & single codestream) | (CMYK & single codestream & ACME extensions) (M-10)

whilg the expression to Understand All Aspects is:

((sRGB & single codestream) | (CMYK & single codestream & ACME extensions))
& metadata & ACME print metadata (M-11)

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 a
can

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

ways, each column represents a factor sub-expression, and each row provides a compatibility bitmask which a r
se to determine whether it can read the file. This example includes vendor-specific features, and that Sub-expres

pader
5ions

can ipvolve both standard and vendor-specific functionality.
These are stored in the file as shown in Table M.7:
Table M.7 — Reader Requirements box data for Equations M-10and’M-11
Mask Length 1
Fully Understand Aspects bitmask 1 1 1 1 1
Display Contents bitmask 1 1 0 1 0
Number of Standard Features 4
Standard Feature Compatibility list SRGB
o Jear] o |1 ] o |
CMYK
off 1 [ o ] o | o |
single codestream
1 o[ of o o]
metadata
o | o[+ [ o] o]
Number of Vendor Features 2
Vendor Feature Compatibility list ACME extensions UUID
o | oo [ 1] o]
ACME print metadata UUID
o [ o J oo 1]
Alsofconsider a JPX file_that contains two compositing layers that are not combined by either animation or compositing;
they pre conceptually two separate rendered results. The first compositing layer contains a single codestream in the SRGB
cololirspace (specified using the Enumerated method). The second compositing layer contains a single codestream, for
which the colourspace is specified using the Any ICC method. In addition, the second compositing layer contains vepdor-
specific metadata.
For thisTile, the expression to Fully Display Contents is:
(sRGB & single codestream) | (full ICC & single codestream & ACME extensions) (M-14)
while the expression to Understand All Aspects is:
((sRGB & single codestream) | (full ICC & sRGB & single codestream & ACME extensions)) (M-15)
Factorizing these into sub-expressions gives:
single codestream AND (sRGB | full ICC) AND (sRGB | ACME extensions) (M-16)
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single codestream AND sRGB AND full ICC AND ACME extensions

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

(M-17)

M.6.

In on
corrg
sub-4

Thus

from
file
func

If the

Cons

3

Mask Length 1
Fully Understand Aspects bitmask 0
Display Contents bitmask 1 0 0 0
Number of Standard Features 3
Standard Feature Compatibility list sRGB
o |1 [1]1]o] o]
Any ICC
o1 ]o o] 1]o W
single codestream
1 o]o]o]ojfo]
Number of Vendor Features 1
Vendor Feature Compatibility list ACME extensions YUID
oo o [ 1o ] |

Testing an Implementation against requirements expressions

der to determine whether it can read the file, the reader extracts the'compatibility bitmask from the feature list gntry
sponding to each functionality which it provides. If a flag is set«in the bitmask, then this function is an option ip the
xpression corresponding to the flag.

, if the reader performs a bitwise OR of the bitmasks forall of the functions which it provides, it can determine
whether it can read the file by comparing the result with the Fully Understand Aspects and Display Contents bitmasks
the file. Also, by reconstructing the expression table’and looking up the column (or columns) of the table wheie the
bitmask flag is set, and the reader's compatibility bitmask flag is not, the reader can determine which pxtra
ionality is required to read the file.

re is functionality provided by the reader which is not in the feature list for the file, then the feature is not reqpired
to repd the file (and the bitmask may be assunied to be all zeroes).

ider the first example Reader Requirements box (Table M.9):

Table M.9 — Example Reader Requirements box to test

Mask Length (in bytes) 1
Futly Understand Aspects bitmask 1 1
Display Contents bitmask 1 1
Number of Standard Features 5
Standard Feature Compatibility list sRGB
1 o | o | o |
single codestream
0 1 | 1 | o |
multiple codestream
0 1 | o | o |
compositing
0 o | 1 | o |
metadata

0 o | o [ 1 |

Number of Vendor-Specific features 0
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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.

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, General

In the JPX file format, several features of the file format (denoted user items) can be extended unilaterally, wi
conspiltation with ITU-T | ISO/IEC. For example, the format provides the Vendor Colour method to allow indivj
vendprs to indicate custom colourspaces through a form of enumeration (using UUID's) without invpolving a third-g
Other features (denoted reserved items) require specification in a Recommendation | International Standard.

M.7, Reserved items

M.72.1 Definition

Resefved items are those elements of a JPX file that are restricted to a limited (albéit’large in some cases) numb
valugs. For these items, there exists the possibility that two vendors would use thessame value for different meanir
therd is no third-party mediating the use of the element values. Also, in most Cases, there are additional criteria fg
allocation of values to registered items. Because the number of available yaldes for most registered items is limited
given that most problems can be solved using publishable items rather thanwegistered items, the allocation of a regis
valug is made through Recommendations | International Standards. Forexample, an Enumerated Colourspace is a res

hout
dual
arty.

er of
gs if
r the
and
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rved

item] the value is indicated through the use of a 4-byte integer that is specified in Recommendations | Internatjonal

Stanglards.

Tablg M.11 lists reserved items.

Table M.11 — Items which can be extended through Recommendations | International Standards

Item Purpose

Erjumerated colourspaces Define additional standard colourspaces

Degired reproduction boxes Define additional reproduction scenarios and the data required to transform images for output
those scenarios

in

Compatibility modes Define additional compatibility modes to promote interoperability in markets not explicitly
addressed by the JPX baseline feature set
Standard feature list Define additional standard feature codes for the Reader Requirements box

M.72.2 Enumerated‘colourspace

New| values of the EnumCS field in the Colour Specification Box are specified in Recommendations | Internatjonal

Stanglards. Each enumerated colourspace contains a complete colourimetric definition of that colourspace, instructio
how [to use images in that colourspace, any required enumerated parameters (for the EP field in the Colour Specific
box)[ahdyany default values of those parameters.

NS on
htion

NOTE — Non-standard colourspaces shall be specified using the Vendor Colourspace method.

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.
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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.

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.

Tablg M.12. list user items.

Table M.12 — Items which can be extended by registration

Item Purpose Values
Vendor feature codes Define additional vendor-specific VF! field in the Application Profile box
features
Vendor colourspaces Define additional vendor-specific VCLR field inithe METHDAT field for
colourspaces Colour Specification boxes that use the
Vendor Colour method
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) and
XML boxes XML Schema's used in XML boxes

M.8 Differences from the JP2 binary definition

The pox structure of a JPX file is identical to that of:a~P2 file. A JPX file is a sequence of boxes, defined in|Rec.
ITU{T T.800 | ISO/IEC 15444-1, Clause 1.6. Howeyer," many new boxes are defined, and the structures of several Qoxes
are eiktended as follows:

— The BR field in the File Typg-box shall be "jpx\040" for files that are completely defined by this
Recommendation | International Standard. In addition, a file that conforms to this Recommendation |
International Standard shall have at least one CL.i field in the File Type box, and shall contain the yalue
'jpx\040" in one of the-€Li fields in the File Type box.

—  The MinV field in_the File Type box shall bet set to 1, indicating a minor revision to the standard.
— Additional forms of the Colour Specification box are defined (M.11.7.2).
—  The JPEG:2000 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 thaf 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.

-5~ Additional box types are defined within the scope of this Recommendation | International Standard.

Mg CUIIfUIIIIaIIbC

M.9.1 Interpretation 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.
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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 Recommendat

ion |

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 |
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

away as to allow a reader that supports only this JPX baseline set of features to properly open the file shall contain a CL.i
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 folTowing.

The JTU-T 80x | ISO/IEC 15444-x based profile denoted JHX Baseline is identical to the JPX Baseline profile wit
exception that the codestream in the first compositing layer shall belong to the HTONLY set specified in
ITU4T T.814 | ISO/IEC 15444-15 and shall not require support for extensions other than the irreversible decorrel
trangformation (specified in clause J.3.1.1.1) and non-linearity transformation (specified in Annex K)’extensions.
that gre written in such a way as to allow a reader that supports only this JHX Baseline set of features to properly
the fjle shall contain a CLi field in the File Type box with the value 'jhxb' (0x6a68 7862). All\JHX baseline readef
required to properly support all files with this code in the compatibility list in the File Type box.

M.9R.1 Compression types

Supgort for compression types other than JPEG 2000 (the C field in the Image Header box = 7) shall not be requir
propgrly display the file.

M.9p.2 Compositing layers

Supgort for multiple compositing layers is not required to properly display the file. However, the file may contain mu
compositing layers. If the file does contain compositing layers, the firstcompositing layer in the file (signalled by thg
Compositing Layer Header box) shall be rendered. That compositing layer shall consist of one and only one codest
which shall represent the rendered result as rendered into a single codestream. In addition, the codestream that sha
procgssed by a reader that only supports the JPX feature set'shall be the first codestream in the file.

M.92.3 Codestreams

The ¢odestream specified by the first compositing layer shall be compressed using the JPEG 2000 compression algor
as dgfined by Rec. ITU-T T.800 | ISO/IEC 15444-1 and shall not require support for extensions other than the irrever
decofrelation transformation (specified in"clause J.3.1.1.1) and non-linearity transformation (specified in Anng
extersions.

A cdnforming JPX baseline reader-is not required to support other portions of the multiple component transform
extension. If support for the irreversible decorrelation transformation is required, then the first codestream sha
restr{cted as follows:

—  The value.of the Qmcc field in any MCC marker segment shall be 1.

—  ThesTmcc! field in any MCC marker segment shall indicate an irreversible transformation
— «\I'he Nmco field in any MCO marker segment shall be 1.

That|codestream may contain other extensions provided that support for those extensions is not required to decod
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—  The XfaccT field in any MCC marker segment shall indicate an array based decorrelation transformation.

b the

codeptream.

Other codestreams 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).
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—  Enumerated method EnumCS value of CIEJab using enumerated parameters (as specified in the EP fields
in the Colour Specification box).
—  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 Fodestream used by the first compositing layer in a baseline JPX file may be fragmented. However, all fragments
shall{be in the JPX file itself and shall be found in the file in the order they are listed in the Fragment Table box) starting
the sparch at byte 0 of the file and proceeding sequentially to the end of the file.

M.9P.6 Cross-reference boxes

All Qross-Reference boxes that shall be parsed in order to properly interpret or decode the first compositing layer ip the
file ghall only point to fragments that are contained within the JPX file itself. Those fragments shall be in the same prder
in the file as they are listed in the Fragment List box, starting the search at byte 0 of the filecand proceeding sequentially
to the end of the file. In addition, all fragments shall be found in the file before the data representing the codestream|used
by the compositing layer. If that codestream is specified by a Contiguous Codestream\box, then all fragments fgr the
crosg-reference shall be found before that Contiguous Codestream box. If the codestream’is specified by a Fragment Table
box, [then all fragments for the cross-reference shall be found before the Media, Data box containing the first fragment
from| the codestream.

M.9.7 JP2 Header box location

The JP2 Header box shall be found in the file before the first Contigueus Codestream box, Fragment Table box, Media
Datalbox, Codestream Header box, and Compositing Layer Header hox. Any information contained within the JP2 Hgader
box shall be applied to the first codestream, as well as being, used as default information for all other codestreamg and
comyppositing layers; the boxes within the JP2 Header box shall\iot be found within the Compositing Layer Header bpx or
the Godestream Header box associated with the first compesiting layer.

M.9.8 Opacity

A bageline JPX reader shall properly interpret opagity channels, through either direct mapping to a codestream compgnent
using either the Channel Definition box or the*Opacity box, or by expansion from a palette. The use of opacity outsifle of
the yse of compositing layers within the JRX file indicates that the decoded image data shall be composited onfo an

still
ware

fions

file
psely
mirroring the profiles of 29199 2. The four proflles are denoted JPEG XR Sub basellne 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
'ixr3', 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 |
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International Standard. Support for other compression types shall not be required to display a file conforming to one of
the four JPEG XR profiles.

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. T3 Colour specification

The First composting layer shall contain at least one Color Specification Box from the following list:

—  The enumerated method EnumCS value indicating either SRGB, scRGB, sRGB-grey, seRGB-grey, bi-
level black on white or bi-level white on black for the JPEG XR baseline and JPEG, XR sub-baseline
profiles.

— Inaddition to the above, the enumerated method EnumcCS value indicating CMY K\or the Any ICC mgthod
for the JPEG XR main profile.

— Inaddition to the above, the enumerated method EnumCS value indicating/YCbCr(1) through YCbCr(3)
for the JPEG XR advanced profile.

M.92.14 Codestream fragmentation

The podestreams representing the data of the first compositing layer of files,conforming to the JPEG XR profiles jshall
not e fragmented.

M.92.15 Cross Reference Boxes

Fileq conforming to the JPEG XR profiles shall not use Cross Reference Boxes for replacing boxes necessary to ddcode
the flrst compositing layer.

M.9J2.16 JP2 Header Box Location

The JP2 Header box shall be found in the file before the first Contiguous Codestream box, and Compositing Layer Hg¢ader
box.|Any information contained within the JP2 Meader box shall be applied to the codestreams encoding the| first
comypositing layer, and as well being used as.default information for all other compositing layers; the boxes withip the
JP2 Header box shall not be found within the‘Compositing Layer Header box or the Codestream Header box assocjiated
with|the first compositing layer.

M.92.17 Opacity

A JHEG XR profile conforming. reader shall properly interpret opacity channels, through either direct mapping|to a
codeptream component usifg,the Channel Definition box. Other means of indicating opacity, e.g., by the Opacity|box,
need|not to be supported-The use of opacity outside of compositing layers within the JPX file indicates that the decpded
image data shall be composited onto an application defined background.

M.92.18 Rotation

A JPEG XR: conforming reader shall properly interpret the ROT field of the Instruction Set box defindd in
clauges M,11.10.2 and M.11.10.2.1. Other instructions defined in the Instruction Set box need not to be honouref for
compliance 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 repgeated, the
length and nature of the run of parameters is defined. As an example, in Figure M.4, parameters C, D, E and Fare §, 16,
32 bit and variable length respectively. The notation GO and GN-1 implies that there are n different parameters, G} in a
row.[The group of parameters HO and HM-1, and J0 and JM-1 specify that the box will contain HO, followed by J0, follpwed
by HIL and J1, continuing to HM-1 and JM-1 (M instances of each parameter in total). Also, the field Eis’optional and may
not e found in this box.

After the list is a table that either describes the allowed parameter values or provides referencesto other tables that desgribe
thesq values.

8-bif parameter 32-bit parameter Run of N parameters
C D E F G() G\—I Hﬂ JU HM—I JM— I
T.801(21)|FM.4
Variable size parameter Run of M sets of parameters

Figure M.4 — Example ofithe box description figures

In addition, in a figure describing the contents ofta superbox, an ellipsis (...) will be used to indicate that contents df the
file etween two boxes is not specifically defined. Any box (or sequence of boxes), unless otherwise specified by the
defirfition of that box, may be found in place-of the ellipsis.

AA BB

T.801(21)_FM.5

Figure M.5 — Example of the superbox description figures

For gxamplethe superbox shown in Figure M.5 shall contain an AA box and a BB box, and the BB box shall folloyv the
AA 1;ox. However, there may be other boxes found between boxes AA and BB. Dealing with unknown boxes is discyssed
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)

Channel Definition box

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. I)11)

Decomposed XML box (M.11.2.26)

Association 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 Reselution box

Default Display resolution box

UUID Info box

UUID List box

Data Entry URL box

Pixel Format Box

Grouping box (M.11.25)

Multiple Codestream box (M.11.23)

Multiple Codestream Info box (M.11.24)

Contiguous codestream box (M.11.8)

Fragment Table box (M.11.3)

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 subclause 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) (0x6A70 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.
Bit- PCI CUIIIFUI 1CT It ll:‘JUA (:\Vl:1152) Iurl‘u\ol :\\IIU Th;d bu)\ Q'JCU;f;CJ thC b;t dcpth Uf thC \JUIIIHUIICI Ita ;n he
(0x6270 6363) file in cases where the bit depth is not constant across|all
components.
Codestream Header box (superbox) 'jpch’ No This box specifies general information, such asbit depth,
(M.JL1.6) (Ox6AT70 6368) height and width about one specific codestream in the
file.
Corpositing Layer Header box ‘jplh’ No This box specifies general information, such as
(sugerbox) (M.11.7) (0x6A70 6C68) colourspace and resolution, aboutane specific
compositing layer in the file,
Colpur Group box (superbox) ‘cgrp’ No This box groups a sequence-ef Colour Specification
(M.L1.7.1) (0x6367 7270) boxes that specify the diffefent ways that the coloursgace
of a layer can be pradcessed.
Colpur Specification box ‘colr’ Yes This box specifiesone way in which the colourspace pf
(MJL1.7.2) (0x636F 6C72) an image can be processed. The definition of this box]is
extended fromthe definition in the JP2 file format.
Opdcity box (M.11.7.6) ‘opct’ No This bax specifies how opacity information is contained
(0x6F70 6374) withip’a'Set of channels.
Codestream Registration box ‘creg’ No THis box specifies the alignment between the set of
(M.JL1.7.7) (0x6372 6567) codestreams that make up one compositing layer.
Dath Reference box (M.11.2) 'dtbl’ No This box contains a set of pointers to other files or daja
(0x6474 626C) streams not contained within the JPX file itself.
Fragment Table box (superbox) ‘ftbl' No This box specifies how one particular codestream has
(M.L1.3) (0x6674 626C) been fragmented and stored within this JPX file or in
other streams.
Fral;ment List box (M.11.3.1) flst' No This box specifies a list of fragments that make up ong
(0x666C 7374) particular codestream within this JPX file.
Crops-Reference box (M.11.4) ‘eref’ No This box specifies that a box found in another locatiof
(0x6372 6566) (either within the JPX file or within another file) shoyld
be considered as if it was directly contained at this
location in the JPX file.
Corftiguous Codestream box 'jp2¢’ No This box contains one codestream from the JPX file,
(M.IL1.8) (0x6A70 3263) stored contiguously in a single box.
Medlia Data box (M.11.9) ‘mdat’ No This box contains generic media data, which is
(0x6D64 6174) referenced through the Fragment Table box.
Composition box (sdperbox) ‘comp’ No This box specifies how a set of compositing layers shpll
(M.L1.10) (0x636F 6D70) be combined to create the rendered result.
Corposition Options box ‘copt’ No This box specifies generic options for the compositiof of
(M.L1.10.1) (0x636F 7074) multiple compositing layers.
Instruction Set box (M.11.10.2) ‘inst’ No This box specifies the specific instructions for combiring
(Ox696E 7374) multiple compositing layers to create the rendered reslt.
Association box (superbox) ‘asoc’ No This box allows several other boxes (i.e., boxes
(M.11.11) (0x6173 6F63) containing 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) '1bIN040’ No This box specifies a textual label for either a Codestream
(0x6C62 6C20) Header, Compositing Layer Header, or Association box.
Binary Filter box (M.11.14) bfil’ No This box contains data that has been transformed as part
(0x6266 696C) of the storage process (such as compressed or encrypted).
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Table M.13 — Boxes defined within this Recommendation | International Standard

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
Output box (M.11.15.1) (0x6774 736F) rendered result for commercial printing and proofing
systems.
ROI Description box (M.11.16) 'roid' No This box specifies information about specific regions of
(Ox726F 6964) interest in the image.
Digjtal Signature box (M.11.17) ‘chek’ No This box contains a checksum or digital signature|for fa
(0x6368 636B) portion of the JPX file.
MPEG-7 Binary box (M.11.19) 'mp7b'’ No This box contains metadata in MPEG-7 binary forma
(0x6D70 3762) (BiM) as defined by ISO/IEC 15938,
Fre¢ box (M.11.20) ‘free’ No This box contains data that is no longer used and may| be
(0x6672 6565) overwritten when the file is updated.
Intdllectual Property Rights (clause "ipr' No This box contains intellectual rights information.
N.5/4) (Ox6AT70 3269)
Pix¢l Format box ‘pxfm'’ No This box specifies the.nterpretation of reconstructed
(M.L1.7.8) (0x7078 666d) sample values as jnteger, fixed point or floating point
numbers.
XML box (M.11.18) 'xmI\040' No This box contains XML formatted information.
(0x786D 6C20)
Compositing Layer Extensions box jelx' No This/box.defines an extended set of compositing layefs,
(M.L1.21) (0x6A63 6C78) codestream headers and compositing instructions.
Corpositing Layer Extensions Info jixi' No This box provides information concerning the repetitipn
box{(M.11.22) (0X6A6CT869) factor, compositing layer indices and other attributes pf
the compositing layers and compositing instructions
found within the Compositing Layer Extensions box.
Multiple Codestream box (M.11.23) j2ex! No This box represents a concatenated collection of one ¢r
(0x6A32 6378) more contiguous codestream boxes or fragment table
boxes.
Multiple Codestream Info box j2ci’ No This box contains information describing the Multipld
(M.L1.24) (0x6A32.6369) Codestream box in which it is found.
Grojuping box (M.11.25) 'grp\040° No This superbox is a container (or wrapper) for any nunber
(0x6772 7020) of boxes which might otherwise be found as the non-
initial sub-box of an Association box.
Dedomposed XML box (M.11.26) ‘dxml’ No This box provides front-matter from an XML documgnt
(0x786D 6C64) as part of a mechanism for decomposing a single XML
document into a hierarchical collection of Associatio
boxes.
XML Header box (M.14.27) ‘hxml' No This box provides an element header (the opening
(0x786D 6C68) element tag with attributes) as part of a mechanism for
decomposing a single XML document into a hierarch|cal
collection of Association boxes.
M.11.1 “Reader Requirements box
The ﬁcadm RCqU;ICIIICIItQ bU/\ O}JCb;f;CD vvhat fCG.tUICO Ul fCCltulC UIUU}JO hG.VC bCCII UOCd ;II thlo JPX f;:C, (] VVC:: Ao 'Vhat

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 O;
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 O codestream.

This box shall contain an accurate specification, to the extent as known by the writer, of all features in the file and an
accurate specification of the set or sets of features required to display the image as intended by the writer.
NOTE - If a JPX file contains no features other than those defined by the JP2 file format and JPEG 2000 codestream profile 0, or

if the reader does not know of any features contained in the file beyond those base features, the Reader Requirements box will list
zero standard features and zero vendor features.
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Many features from previous revisions of this Recommendation | International Standard have been deprecated. Writers
shall not include these features when creating or updating files. Readers shall ignore the contribution of those features

when determining

whether they can or cannot read the file.

The type of a Reader Requirements box shall be 'rreq' (0x7272 6571"). The contents of the Reader Requirements box is
as follows (see Figure M.7):

ML [“FUAN"}DCM”|  NSF SE’ SN SEF N
(e [ TITTTTT 0 TTTT T T 0
VF VE
T.801(21) FM.7
Figure M.7 — Organization of the contents of the Reader Requirement&box

ML.: Mask length. This field is a byte that specifies the number of bytes used for the compatibility misks.
This field is encoded as a 1-byte unsigned integer.

FUAM: Fully Understand Aspects mask. This field is the mask deseribing the Fully Understand Aspects
expression. This field is specified as a big endian integer of the size as specified by the ML fielg.

DCM: Display Contents mask. This field is the mask describing‘the expression to display the image corrgctly.
This field is specified as a big endian integer of the size as specified by the ML field.

NSF: Number of standard flags. This field specifies thesnumber of standard feature flags contained within
the Reader Requirements box. The value of this field shall be equal to the number of SFi fields found
within the Reader Requirements box. This field is encoded as a 2-byte big endian unsigned intefjer.

SFi; Standard flag. This field specifies a standard feature flag. The number of SFi fields shall be eqyal to
the value of the NSF field. This field ds;encoded as a 2-byte big endian unsigned integer. Legal vhlues
of this field are specified in Table-M:14 and in extensions to this standard.

SMi: Standard mask. This field specifies the compatibility mask for the feature specified by SFi. This|field
is specified as a big endiancinteger of the size as specified by the ML field.

NVF:  Number of vendor features. This field specifies the number of vendor features specified in the Re¢ader
Requirements boxsThe value of this field shall be equal to the number of VF! fields in the R¢ader
Requirements bex:..This field is encoded as a 2-byte big endian unsigned integer.

VFi; 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 be spegified
using the UUID Info box as defined in the JP2 file format.

VMi; Vender mask. This field specifies the compatibility mask for the feature specified by VF'. This|field
is-specified as a big endian integer of the size as specified by the ML field.

Table M.14 — Legal values of the SFi field
Valde Meaning
0 File not completely understood
1 Codestream contains no extensions
2 Contains multiple composition layers
3 Deprecated
4 JPEG 2000 Part 1 Profile 1 codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.45
5 Unrestricted JPEG 2000 Part 1 codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1
6 Unrestricted JPEG 2000 Part 2 codestream as defined in this Recommendation | International Standard
7 JPEG codestream as defined in ISO/IEC 10918-1
8 Deprecated
9 Non-premultiplied opacity channel
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Table M.14 — Legal values of the SFi field

Value Meaning

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

§ Fragmented codestream where Some fragments may be accessible only through a URL specified network connectign

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 all comgositing layers are in the sam
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 layers

34 ROI metadata

35 IPR metadata

36 Content metadata

37 History metadata

38 Creation metadata

39 JPX digital signatures

40 JPX checksums

41 Desired Graphic ‘Arts reproduction specified

42 Deprecated

43 Deprecated

44 Compositing layer uses Any ICC profile

45 Deprecated

46 Deprecated

47 BilLevel 1 enumerated colourspace

48 BiLevel 2 enumerated colourspace

49 YCbCr 1 enumerated colourspace

50 YCbCr 2 enumerated colourspace

51 YCbCr 3 enumerated colourspace

52 PhotoY CC 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
3 Deprecated
44 Deprecated
45 Deprecated
46 Deprecated
@7 GIS metadata XML box
48 JPSEC extensions in codestream as specified by ISO/IEC 15444-8
49 JP3D extensions in codestream as specified by ISO/IEC 15444-10
10 Deprecated
11 e-sYCC enumerated colourspace
12 JPEG 2000 Part 2 codestream as restricted by baseline conformance requirementSin clause M.9.2.3
13 YPbPr(1125/60) enumerated colourspace
14 YPbPr(1250/50) enumerated colourspace
15 Codestream contains a JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
16 Codestream contains a Sub-baseline profile JFJEG XR (Rec. ITU~T T.832 | ISO/IEC 29199-2) compliant bitstream.
17 Codestream contains a Baseline profile JPEG XR (Rec. ITU-T"T.832 | ISO/IEC 29199-2) compliant bitstream.
18 Codestream contains a Main profile JPEG XR (Rec. ITY>T"T.832 | ISO/IEC 29199-2) compliant bitstream.
19 Codestream contains an Advanced profile JPEG XRy(Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
80 Pixel format "Fixed Point" is used.
81 Pixel format "Floating Point" is used.
82 Pixel Formats "Mantissa" or "Exponentfare used.
3 Compositing layer uses IEC 61966-2-2 (SCRGB) enumerated colourspace
84 Block Coder Extensions (Annex P)
85 Compositing layer uses scRGB'gray scale (IEC 61966-2-2 based) enumerated colourspace
6 JPEG 2000 codestreamreapabilities 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.
Table M.15 — Format of the contents of the Reader Requirements box
Field name Size (bits) Value
ML 8 1,2,40r8
FUAM 8- ML Variable
DCM Q. Ml \ariahle
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 'dthl' (0x6474 626C), and its contents shall be as follows (see Figure M.8):

0 < NDR-1

NDR DR DR~

T.801(21)_FM.8
Figure M.8 — Organization of the contents of a Data Reference box

NDR:  Number of data references. This field specifies the number of data references, andithus the number 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 Location,field in the box is not spgcific
to UUID Info Boxes. The meaning of the URL is specified in the context of the box that refers tp the
particular entry in the Data Reference box.

The indices of the elements in the array of DRI fields is 1 based; a data reference of 1 in a DRilfield
within a Fragment List box specifies the first Data Reference URL contained within the |Data
Reference Box. A data reference value of O is a special-ease that indicates that the reference is tg data
contained within this JPX file itself.

The format of the contents of the Data Reference box is given in Table M.16.

Table M.16 — Format of the contents of the Data Reference box

Field name Size (bits) Value
NDR 16 0-65 535
DR Variable Variable

M.11.3 Fragment Table box (superbox)

A Fragment Table box specifies thevlocation of one of the codestreams in a JPX file. A file may contain zero or more
Fragment Table boxes. For the pdrpose of numbering codestreams, the Fragment Table box shall be considered equivialent
to a Contiguous Codestream box. Fragment Table boxes shall be found only at the top level of the file or within Multiple
Codgstream boxes; they shalyiot be found within any other superboxes.

The fype of the Fragment-Table box shall be 'ftbl' (0x6674 626C), and its contents shall be as follows (see Figure M.9):

Flst

T.801(21)_FM.9

Figure M.9 — Organization of the contents of a Fragment Table box
Flst: Fragment List. This field contains a Fragment List box as specified in clause M.11.3.1.

M.11.3.1 Fragment List box

The Fragment List box specifies the location, length and order of each of the fragments that, once combined, form a valid
and complete data stream. Depending on what box contains this particular Fragment List box, the data stream forms either
a codestream (if the Fragment List box is contained in a Fragment Table box) or shared header or metadata (if the
Fragment List box is contained in a Cross-Reference box).
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If this Fragment List box is contained within a Fragment Table box (and thus specifies the location of a codestream), then
the first offset in the fragment list shall point directly to the first byte codestream data; it shall not point to the header of
the box containing the first codestream fragment.

If this Fragment List box is contained within a Cross-Reference box (and thus specifies the location of shared header or
metadata), then the first offset in the fragment list shall point to the first byte of the contents of the referenced box; it shall
not point to the header of the referenced box. However, if the referenced box is a superbox, then the offset of the first
fragment does point to the box header of the first box contained within the superbox.

For all other offsets in the Fragment List box, the offsets shall point directly to the first byte of the fragment data and not
to the header of the box that contains that fragment.

In addltlon an offset within any Fragment Llst shall not pomt into a B|nary F|Iter box. If the JPX file does contain one or
f the

Blnary Fllter boxes, as stored in the file, not the Iength of the data after the appllcatlon of the fllter

The type of the Fragment List box shall be 'flst' (0x666C 7374) and it shall have the following contents (see Figure M.10):

NF OFF’ LEN’ pR" [ &2

NE-1 NEAI NE-1

OFF LEN DR

T.801(21)_FM.10

Figure M.10 — Organization of the contents.of a Fragment List box

NF: Number of fragments. This field specifiesthe’number of fragments used to contain the data stream.
The number of {OFF, LEN, DR} tuples in the Fragment list box shall be the same number as the
value of the NF field.

OFFi:  Offset. This field specifies the offset to the start of the fragment in the specified file. The off$et is
relative to the first byte of the'file (for example, the first byte of the length field of the JPEG p000
signature box header for a JPX file). This field is encoded as a 64-bit unsigned integer.

LENiE:  Length of fragment. This field specifies the length of the fragment. This value includes only the gctual
data and not any headers of an encapsulating box. This field is encoded as a 32-bit unsigned int¢ger.

DRI Data reference( This field specifies the data file or resource that contains this fragment. If the yalue
of this field is zero, then the fragment is contained within this file. If the value is not zero, thep the
fragment(is )contained within the file specified by this index into the array of DRI fields in the [Data
Reference box, where an index value of 1 indicates the first element in the array. This field is engoded
as,a 16-bit unsigned integer.

The format-ef 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
OFF 64 12-(2%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
box in place of the actual data. This is done using a Cross-Reference box. A JPX file may contain zero or more Cross-
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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):

F1st
Rtyp

T.801(21)_FM.11

Figure M.11 — Organization of the contents of a Fragment table box
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box gloes not specify a Colourspace(specification, then a reader shall apply the Colourspace Specification contained w
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Rtyp:  Referenced box type. This field specifies the actual type (as would be found in the TBoxield

nan

actual box header) of the box referenced by this Cross-Reference box. However, a reader shall not

attempt to locate a physically stored box header for the box represented by this cross-reference
as it is legal to use a Cross-Reference box to create a new box that is not contiguously contain
other locations within this or other files, and thus the box header will not exist.

flst: Fragment List box. This box specifies the actual locations of the fragments of the referenced
When those fragments are concatenated, in order, as specified by the Fragment List box defin
the resulting byte-stream shall be the contents of the referenced box<and shall not include thg
header fields. However, if the referenced box is a superbox, then the'offset of the first fragment
point to the box header of the first box contained within the stperbox. The format of the Frag
List box is specified in clause M.11.3.1.

The format of the contents of the Cross-Reference box is given indFable M.18.

Table M.18 — Format of the contents of the Cross-Reference box

Parameter Size (bits) Value
Rtyp 32 0-(232-1)
flst Variable Variable

.5 JP2 Header box (superbox)

JP2 Header box is syntactically unchanged from the structures defined in the JP2 file format. However, if the]
ontains multiple codestreams or multiple compositing layers, then any boxes contained within the JP2 Heade
be considered as defaults for alk.codestreams and compositing layers. For example, if a Compositing Layer Hg

P2 Header box to that particular compositing layer.

box,
bd in

box.
tion,

box
does
ment

JPX

box
ader
ithin

if the JP2 Header boxspecified default information for any codestreams, then the semantic relationship of the limage

er box and Bits Per-Component box contained within the JP2 Header box shall follow the rules defined in c
5.1 and M.11.52 réspectively.

ause

the JPX file'format allows the JP2 Header box to be located anywhere at the top-level of the file (but not withifp any

box). However, certain fallback positions, such as the JPX baseline definition, may restrict the placement o
In additien, if this file does not require the JP2 Header box to meet the requirements of a fallback position, nor
 the\JP2 Header box to specify default information for multiple compositing layers or codestreams, then this

this
does
box

beZomitted 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):

170

Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

]
HEIGHT WIDTH NC e
T.801(21)_FM.12

Figure M.12 — Organization of the contents of an Image Header box

HEIGHT:  Image area height. The value of this field is identical to that defined for the JP2 file format.
WIDTH: Image area width. The value of this field is identical to that defined for the JP2 file format.

NC:

BPC:

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 characteriptics,
then the value of this field shall be 255, and the superbox that contains this Image Headef 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. If all components have the samexbit depth| and
signed/unsigned characteristics, the BPC parameter identifies the bit depth.and signed/unsigned
characteristics for all components and has the same interpretation to.thé BPC' parametefs, 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 paramétér specifies that bit depth and
shall be equivalent to the bit depth specified within the codestream using the data strudtures
defined for that particular codestream format. If the compgnents vary in bit depth, then the yalue
of this field shall be 255, and the superbox that contairis this Image Header box (either th¢ JP2
Header box or a Codestream Header box) shall contain-a Bits Per Component box defininp the
bit depth of each component (as defined in clauset5.3.2 in Rec. ITU-T T.800 | ISO/IEC 14444-
1 in the JP2 file format). Components should bg’censidered to have different bit depths if gither
the magnitude or sign of the bit depth of the:xcoamponents differ.

The low 7-bits of the value indicate the bit depth of the components. The high-bit indifates
whether the components are signed oransigned. If the high-bit is 1, then the components coptain
signed values. If the high-bit is 0, then the components contain unsigned values.

See Table M.19.

Table M.19 — Legal C values

alue

Meaning

Uncompressed. Picture data is stored in component interleaved format, encoded at the bit depth as specified by
the BPC field. This vatue.is only permitted for codestreams where all components are encoded at the same bit

depth. When the bitdepth of each component is not a multiple of 8, component values shall be packed into byt
so that no bits are undsed between components. However, the value of the first component of each sample shal
begin on a byte\boundary and padding bits having value zero shall be inserted after the last component of the

sample as neeessary to fill out the remaining bits to the next byte boundary. When multiple component values gre
packed inte-a'byte, the first component shall appear in the most significant bits of the byte. When a componentlis
larger than a byte, its most significant bits shall appear in earlier bytes.

w

Rec, 4TU-T T.4, the basic algorithm known as MH (Modified Huffman). This value is only permitted for b
fevel images.

w

Rec. ITU-T T.4, commonly known as MR (Modified READ). This value is only permitted for bi-level imaggs.

Rec. ITU-T T.6, commonly known as MMR (Modified Modified READ). This value is only permitted for b
level images.

Rec. ITU-T T.82 | ISO/IEC 11544. Commonly known as JBIG. This value is only permitted for bi-level images.

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.

O (00| N |

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)

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 171


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)
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.
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 describe

d 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.

Tabte v 20—BPCand BPCHparameters

\Values (bits)

MSE LSB Component Sample Format and Sample Precision

000 0000 Component bit depth = value + 1. From 1 bit deep through 38 bits deep respectively (counting the sign
- if appropriate)

<010 0101

DXXX XXXX Components are unsigned

1 XXX XXXX Components are signed

1111 1111 Component bit depths vary (Bits Per Component Box only)

Il other values Reserved for future use

OO0 o O 3 Z |

q

M.1
The

comjponent, using a 1-byte field for each companent, as defined in Table M.20. This box is optional and is only req
in cape the bit depths varies between components:

The

| ISQ/IEC 15444-1.

The

4 signed or unsigned

OTE - For codestreams conforming to Rec. ITU-T T.80x | ISO/IEC 15444-x (JPEG,2000) this is the bit depths after any ir
ultiple component transformation or reverse non-linearity transformation extension has been applied to components i
bdestream. In case an extended Rec. ITU-T T.801 | ISO/IEC 15444-2 multiple gomponent transformation is used, the comp|
e numerical interpretation of the component sample values depends. not only upon the bit depth and signed/uns

haracteristics identified by BPC or BPCi, but also on the number of fraetion bits or mantissa bits, as supplied via the Pixel F
DX. The Bits Per Component box then only specifies the total number of bits required to represent the data and whether the

5.2 Bits Per Component box

Bits Per Component box specifies the bit depth and signed/unsigned characteristics of each fully decomprg

Structure of this box is identical to that'defined in clause 1.5.3.2 in the JP2 file format specified in Rec. ITU-T 1
Format of the contents of the-lmage Header box is given in Table M.21.

Table M.21 — Format of the contents of the Image Header box

Field name Size (bits) Value
HEIGHT 32 1-(232-1)
WIDTH 32 1-(232-1)

NC 16 1-16 384
BPC 8 See Table M.20

\verse
h the
bnent

t depths does not necessarily match the data in the SIZ marker of the codestream. For fixed point and floating point pixel formats,

gned
rmat
data

ssed
Jired

.800

M.1

Cc 8 Compression Type,
see Table M.19

UnkC 8 0-1
IPR 8 0-1

1.6 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.
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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,
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
Coddstream boxes. For example, 1T a file contains two Contiguous Codestream DoXes, Tollowed by a Fragment Table]box,
followed by another Contiguous Codestream box and two Multiple Codestream boxes, each with two codestreamg, the
JPX [file contains eight codestreams, where the codestreams contained directly in the first two Contiguous-Codestfeam
boxes are numbered 0 and 1, the codestream pointed to by the Fragment Table box is numbered 2, #he 'Codestfeam
contgined within the last Contiguous Codestream box is numbered 3, and the codestreams contained-within the| first
(respectively second) Multiple Codestream box are numbered 4 and 5 (respectively 6 and 7).

The type of a Codestream Header box shall be 'jpch’ (0x6A70 6368). The contents of a Codestream Header box|is as

follops (see Figure M.13):

77/ //% ///% o s

Figure M.13 — Organization of the contents of a«Codestream Header box

label:  Label box. This box specifies a label for this codestream. Its structure is specified in clause M.1JL.13.

ihdr: Image Header box. This box specifies inforthation about this codestream, such as its height and width.
Its structure is specified in clause M.11.5.1. If the JP2 Header box contains an Image Header box that
accurately specifies this codetream,, then it is not required that this Codestream Header box coptain
an Image Header box. Otherwise, this Codestream Header box shall contain an Image Header bgx. In
addition, if the IPR flag in the*lmage Header box is set to 0, indicating no intellectual property rights
information is specified for:this codestream, then this Codestream Header box shall not contaln an
IPR box, and the reader-shall not apply the contents of an IPR box at the top level of the file tg this
codestream.

bpcc:  Bits Per Component'box. This box specifies the bit depth of each component in the codestream |after
decompressiont Its structure is specified in clause M.11.5.2.

pclr: Palette bex, .This box defines the palette to use to create multiple components from a sjngle
component.Its structure is specified in clause 1.5.3.4 in Rec. ITU-T T.800 | ISO/IEC 15444-1 f 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.

reid: ROI Description box. This box describes regions of interest within this codestream. These ROI§may
or may not be directly associated with coded ROIs in the codestream. Its structure is defined in clause
M.11.16.

The Codestream Header box may also contain other metadata boxes, including an IPR box, or cross-references to other
boxes. If the Codestream Header contains a cross-reference, then the box pointed to by the cross-reference shall be
considered as if it was physically stored in this Codestream Header box.

Also, if any of these boxes are contained within the JP2 header box and are not contained within this Codestream Header
box, then those boxes should also be applied to this codestream.

M.11.7 Compositing Layer Header box (superbox)

The Compositing Layer Header box specifies header and metadata information for a compositing layer in the JPX file.
All Compositing Layer Header boxes shall be located either at the top-level of the file (not within any superbox) or within
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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.

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 Mjclx 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' (Ox6A70 6C68). The contents of a Compositing Layer Header
box is as follows (see Figure M.14):

label cgrp opct ¢def creg res prm

T.801(21) EM.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 structureis specified in clause
M.11.13.

cgrp: Colour Group box. This box contains the complete colourspace spéeification (represented foy a
sequence of colour specification boxes) for this compositing layer:lts ‘structure is specified in cause
M.11.7.1. If neither this box nor a cross-reference to another Colaur Group box are found withih the
Compositing Layer Header box, then the default value of: the colourspace specification foqf this
compositing layer shall be the set of individual Colour Spécification boxes found within thg JP2
Header box. These Colour Specification boxes shall net.be encapsulated within a Colour Group|box.

opct: Opacity box. This box specifies that this compositing layer uses a simple opacity mode. Its strufture
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 th¢ JP2
Header box shall be ignored for this compesiting 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/tEC 15444-1 of the JP2 file format. This box shall not be foynd if
this Compositing Layer Header hox*contains an Opacity box.

creg: Codestream Registration bax. This box specifies the spatial registration between the codestrears in
this compositing layer. Its.structure is specified in clause M.11.7.7. If any Compositing Layer Hgader
box contains a Codestréam Registration box, then every Compositing Layer Header box shall coptain
a Codestream Registration box.

res: Resolution box—~Fhis box specifies the capture and default display resolutions of the imagg. Its
structure is specified in clause 1.5.3.7 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file fofmat.

pxfm:  Pixel Forfmat Box. This box defines the interpretation of the values in a channel as either integer,
floatingZpoint or fixed point values. In the absence of this optional box, the bit patterns shgll be
interpreted signed or unsigned integers whose bit depths are either defined by the Bits Per Compgnent
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 Component Box
(if present). The structure of the Pixel Format Box is specified in clause clause M.11.7.8.

The Lompasiting Layer Header box may also contain other metadata boxes, including an IPR box, or cross-referendes to
otheff boxes. If the Compositing Layer Header contains a cross-reference, then the box pointed to by the cross-refefence
shallYse=censidered-asHf-H-was-physicaty i-hi AHOSH y

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
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may contain multiple Colour Specification boxes with a METH value of 3 (Any ICC method) or 4 (Vendor Colour
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

i ra M 15)-
Figupe-M-15)-

CLR CLRS)

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 specifies, one method by which the
colourspace of a particular codestream can be interpreted. The format.of the Colour Specification box
is specified in clause M.11.7.2

M.11.7.2 Colour Specification box

Each Colour Specification box defines one method by which an application can interpret the colourspace of the
decompressed image data. This colour specification is to be applied.todhe channel values interpreted according tp the
Pixe| Format Box (see clause M.11.7.8) and associated to colours according to the Channel Definition Box| (see
clauge M.11.7.5). This association is to be interpreted using the value MAX' for each colour channel i, as given by
Tablp M.26, in combination with the relevant colourspace defiqition.

In Tgble M.24bis, BPC' is used to denote the value of the Bifield of the Palette Box (see clause 1.5.3.4 of Rec. ITU-T 1.800
| ISQ/IEC 15444-1) if channel i is the output of a palette‘column j, or the value of the Bits Per Component Box BRCI if
chanpel i is the direct output of component j, or the value of the BPC field of the Image Header Box if no Bit$ Per
Component Box is present. The pixel format F! in this table is either the format indicated in the Pixel Format Box (see
clauge M.11.7.8) if it is present, or shall be signed or unsigned integer in the absence of the Pixel Format Box.

I the colourspace is defined by an ICC profile, the input channels should carry unsigned values; usage of signed samples
is digcouraged and currently not defined\by the ICC. The values X' for channel i, interpreted according to the Pixel Fqrmat
Box,|shall be mapped to device colouyvalues d', as follows.

d = Dmax' - X'/ MAX',

Here, Dmax' is the maximum input value associated with the relevant ICC tone reproduction curve and MAX' degends
on the pixel format{-as given by Table M.24bis.

For gnumerated colourspaces for which the format of the EP field is specified, the mapping from channel values X' to
devige colourvalues d' is defined in the corresponding definition of the EP field, see clause M.11.7.4.

NOTE\1'- Currently, only the CIELab and CIEJab enumerated colourspaces define a format for the EP field of the Cplour
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],
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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
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.

Colopr Specification boxes may be found in either the JP2 Header box or in Colour Group boxes. In total, a JPX filgmay
contgin multiple Colour Specification boxes, and either the JP2 Header box or a particular Colour Group box may coptain
mult)ple Colour Specification boxes. However, all JPX files shall contain at least one Colour Specification box)

The box type and binary structure of a Colour Specification box is identical to that defined in the JP2 file format. Howgver,
to clarify the extensibility of the box with respect to defining new colour specification methods, the way in which] it is
descfibed is changed within JPX. The contents of a Colour Specification box is as follows (see Figure M.16):

>

E ) O
o | 2| & [METHDAT

b= o [

<
T.801(21)_FM.16

Figure M.16 — Organization of the contents of a €olour Specification box

METH: Specification method. This field specifies the methed used by this Colour Specification box to define
the colourspace of the decompressed image. This field is encoded as a 1-byte unsigned integer| The
legal values of the METH field are as showndn Table M.22.

Table M.22 <£egal METH values

V4dlue Meaning

N Enumerated method. This Colour Specification box indicates that the colourspace of the codestream is specified by an
enumerated integer code. The definition of the format of this method is identical to the Enumerated Method in JP2.
However, the JPX file format defines additional enumerated values as specified in clause M.11.7.3.1, as well as
additional parameters for some enumerated colourspaces as specified in clause M.11.7 4.

%

Restricted ICC method (This Colour Specification box indicates that the colourspace of the codestream is specifiefl by
an embedded ICC profile,of restricted type. The definition of and format of this method is identical to the Restri¢ted
ICC method defineg-in the JP2 file format, clause 1.5.3.3 in Rec. ITU-T T.800 | ISO/IEC 15444-1.

B Any ICC methad:This Colour Specification box indicates that the colourspace of the codestream is specified by an
embedded input \CC profile. Contrary to the Restricted ICC method defined in the JP2 file format, this method allpws
for any inpatN€C profile, defined by ISO/IEC 15076-1. The binary format of the METHDAT field is specified in clguse
M.11.7.3.2.

a Vendor Colour method. This Colour Specification box indicates that the colourspace of the codestream is specifiegl by
a unigue vendor defined code. The binary format of the METHDAT field is specified in clause M.11.7.3.3.

Parameterized colourspace. This Colour Specification box indicates that the colourspace of the codestream is
parameterized as specified in Rec. ITU-T H.273 | ISO/IEC 23001-8. The binary format of the METHDAT field is
specified 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 be 0, and
applications shall not expect that the APPROX field be the last field in the box if the value of the METH field is not
understood. In this case, a conforming reader shall ignore the entire Colour Specification box.

OT

PREC: Precedence. This field specifies the precedence of this Colour Specification box, with respect to
the other Colour Specification boxes within the same Colour Group box, or the JP2 Header box
if this Colour Specification box is in the JP2 Header box. It is suggested, but not required, that
conforming readers use the colour specification method that is supported with the highest
precedence. This field is specified as a signed 1-byte integer.

APPROX:  Colourspace approximation. This field specifies the extent to which this colour specification
method approximates the "correct” definition of the colourspace. An example of approximation
of a colourspace specification may be increased quantization in look-up tables or rounding in
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matrix coefficients. This field is specified as 1-byte unsigned integer. Legal values of this field
are as follows:

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-ineither 3 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

alue Meaning

1 This colour specification method accurately represents the correct definition of the cetourspace

2 This colour specification method approximates the correct definition of the colourspace with exceptional quality
3 This colour specification method approximates the correct definition of the calourspace with reasonable quality
4 This colour specification method approximates the correct definition of theColourspace with poor quality

All other values reserved

The

—ormat of the contents of the Colour Specification box is given in Table M.24.

Table M.24 — Format of the contents of the Colour Specification box

Field name Size (bits) Value
METH 8 1-4
PREC 8 -128-127

APPROX 8 1-4

METHDAT Variable Variable

Table:M.24bis — Nominal maximum sample values

Pixel Format F' and MAX
Channel Signedness
unsigned Ninteger 2BPCHL
(BPGI€ 128)
signed, integer 2BPC-128 1
(BPC'>128)
unsigned, fixed point 1.0
(BPCi < 128)
Stgree-Fhed-pott -0
(BPC' > 128)
unsigned, floating point 1.0
(BPCi < 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.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)

177


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

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,

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):

Figure M.17 — Organization of the contents of the METHDAT field for the Enumerated method

EP
EnumCS

T.801(21)_FM.17

EnumcCS: Enumerated colourspace. This field specifies the colourspace of thedimage using an integer ¢ode.

To correctly interpret the colour of an image using an enumeratéd colourspace, the applicption
has to know the definition of that colourspace internally. This-field contains a 4-byte big endian
unsigned integer value indicating the colourspace of the image: Valid EnumCS values are Those
values defined for the Enumerated method in the JP2 file.format and the values defined as follows
(Table M.25).

Table M.25 — Additional legal EnufnCS values

alue

Meaning

Bi-level: This value shall be used to indicate bi-levehimages. Each image sample is one bit: 0 = white, 1 = black.

YCyC,(1): This is a format often used for data.that originated from a video signal. The colourspace is based on
Rec. ITU-R BT.709-4. The valid ranges of the~YC,,C, components in this space is limited to less than the full

range that could be represented given an-8-bit representation. Rec. ITU-R BT.601-5 specifies these ranges as we
as defines a 3 x 3 matrix transformation‘that can be used to convert these samples into RGB.

YC,C,(2): This is the most commonly used format for image data that was originally captured in RGB
(uncalibrated format). The coleurspace is based on Rec. ITU-R BT.601-5. The valid ranges of the YC,,C,
components in this space is [0, 255] for Y, and [-128, 127] for C}, and C, (stored with an offset of 128 to convejt
the range to [0, 255])/These ranges are different from the ones defined in Rec. ITU-R BT.601-5. Rec. ITU-
R BT.601-5 specifies a3 x 3 matrix transformation that can be used to convert these samples into RGB.

YCyC,(3): This i§a format often used for data that originated from a video signal. The colourspace is based 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
range thatcould be represented given an 8-bit representation. Rec. ITU-R BT.601-5 specifies these ranges as we
as defines a’3 x 3 matrix transformation that can be used to convert these samples into RGB.

Phot6YCC: This is the colour encoding method used in the Photo CD™ system. The colourspace is based on
Rec€. ITU-R BT.709 reference primaries. Rec. ITU-R BT.709 linear RGB image signals are transformed to nonf
linear R'G'B' values to YCC corresponding to Rec. ITU-R BT.601-5. Details of this encoding method can be fdqund
in Kodak Photo CD products, A Planning Guide for Developers, Eastman Kodak Company, Part No. DC1200R
and also in Kodak Photo CD Information Bulletin PCD045.

H
[15Y

CMY-—Fhe-enceded-data-consists-ofsampt ; —ch i Hrting
on typical CMY devices. A value of 0 shall indicate 0% ink coverages, whereas a value of 2BPS—1 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
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Table M.25 — Additional legal EnumCS values

Value

Meaning

15

Bi-level(2): This value shall be used to indicate bi-level images. Each image sample is one bit: 1 = white, 0 =
black.

18

sYCC as defined by IEC 61966-2-1, Amd.1.

NOTE - It is not recommended to use ICT or RCT specified in Rec. ITU-T T.800 | ISO/IEC 15444-1 Annex G
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-sSRGB: As defined by PIMA 7667.

21

ROMM-RGB: As defined by 1SO 22028-2.

22

YPbPr(1125/60): This is the well-known colour space and value definition for the HDTV (1125/60/2:1) system
for production and international program exchange specified by Rec. ITU-R BT.709-3. The Reéegdmmendation
specifies the colour space conversion matrix from RGB to YPbPr(1125/60) and the range of Walues of each
component. The matrix is different from the 1250/50 system. In the 8-bit/component case, the range of values ¢

each component is [1, 254], the black level of Y is 16, the achromatic level of Pb/Pr iS 128, the nominal peak of Y
is 235, and the nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these valtes are defined in a similpr

manner.

=

23

YPbPr(1250/50): This is the well-known colour space and value definitionfferthe HDTV (1250/50/2:1) systen
for production and international program exchange specified by Rec. ITU-R'BT.709-3. The Recommendation
specifies the colour space conversion matrix from RGB to YPbPr(125@/50) and the range of values of each
component. The matrix is different from the 1125/60 system. In thé8-bit/component case, the range of values ¢
each component is [1, 254], the black level of Y is 16, the achrematic level of Pb/Pr is 128, the nominal peak o

=

is 235, and the nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these values are defined in a similpr

manner.

=

24

e-sYCC: e-sSRGB 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) defined Hy

IEC 61966-2-2.

All other values reserved.

EP:

The generic RGB and-gtayscale spaces from the SPIFF file format are explicitly not inclfided.
Applications wishing, to-transcode SPIFF images using colourspaces 8 and 10 should specify, within
the JPX file, the calourspace definition that a reader shall use to unambiguously interpret the ifnage
data. In many cases, this will be the SRGB or SRGB-greyscale spaces from JP2. In addition, thg file
writer should setthe 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 geperic
coletrspace definition specified by EnumCS. Together, the EnumCS and EP fields describg the
coleurspace and 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 describe the

ITU

encoding of the colour data. The format and value of the EP field is defined individually for|each

EnumCsS as required. If a value of EP is not defined for a particular value of EnumCS, then the I

ngth

of the EP field for that EnumCS value shall be zero, indicating that the EnumCS value alone desgribes

the colourspace or default values are used as defined by the referenced colourspace definition

© ISO/IEC 2021 - All rights reserved

The

format and values of the EP field are defined in clause M.11.7.4. However, the EP field shall be the
last field in the Colour Specification box and shall be all bytes in the box following the EnumCS field

to the end of the box.

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

Rec. ITU-T T.801 (06/2021)
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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):

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, specifyind the
transformation between the decompressed code values and the PCS. Any input ICC profile,fegarfless
of profile class, may be contained within this field.

Table M.27 — Format of the contents of the METHDAT field for the Any ICC mettiod
Field name Size (bits) Value
PROFILE Variable Variable
M.11.7.3.3 METHDAT values for the Vendor Colour method
The contents of the METHDAT field for Colour Specification boxes using the Vendor Colour method is defingd as

follops (see Figure M.19):

& 4

VCLR

VCLR:

VP:

Figure M.19 — Organization of the contents ofithe METHDAT field for the Vendor Colour method

T.801(21)_FM.19

Vendor Defined Code. This field)specifies the colourspace of the image using a UUID. To correctly
interpret the colour of an image using a Vendor defined colourspace, the application has to knoyv the

definition of that colourspace internally. This field contains a 16-byte UUID indicating

the

colourspace of the image! These values are defined and shared by individual vendors and are outside

the scope of this Recommendation | International Standard.

Vendor parameters. This field specifies a series of parameters that augment the generic colourgpace

definition specified by VCLR. Together, the VCLR and VP fields unambiguously describg

the

colourspace) The format and value of the VP field is defined individually for each VCLR valge as

required It a value of VP is not defined for a particular value of VCLR, then the length of thp

VP

field-for that VCLR value shall be zero, indicating that the VCLR value alone unambigugusly
describes the colourspace, or default values are used as defined by the referenced colourgpace
definition. The format and values of the VP field are defined by each individual vendor colourgpace
definition, and are outside of the scope of this Recommendation | International Standard. Howgver,

the VP field shall be the last field in the Colour Specification box and shall be all bytes in thq
following the VCLR field to the end of the box.

Table M.28 — Format of the contents of the METHDAT field for the Vendor Colour method

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):

180
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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

I'able VI.ZoDIS — Format of the ME THDAT Tield Tor the Farameterized metnod

Field name Size (bits) Value

COLPRIMS 16 One of the ColourPrimaries enumerated values specified’in Rec.
ITU-T H.273 | ISO/IEC 23001-8. This field is encoded as‘a big-
endian unsigned integer.

TRANSFC 16 One of the TransferCharacteristics enumerated values specified in
Rec. ITU-T H.273 | ISO/IEC 23001-8. This field“is encoded as a
big-endian unsigned integer.

MATCOEFFS 16 One of the MatrixCoefficients enumeratetivalues specified in Rec.
ITU-T H.273 | ISO/IEC 23001-8. This field is encoded as a big-
endian unsigned integer.

VIDFRNG 1 Value of the VideoFullRangeFlag'specified in Rec. ITU-T H.273
| ISO/IEC 23001-8. This field.is the most-significant bit of the last
byte of METHDAT.

VIDFRNG _RSVD 7 Reserved for future ySe'by ITU-T | ISO/IEC. This field are the 7

least-significant bits of the last byte of METHDAT.

M.11.7.4 EP field format and values
This|field defines the format and values of the EP fields for:€Colour Specification boxes using the Enumerated methgd. If
an EP field is not defined for a particular value of the ERUmCS field, then the length of the EP field shall be zero.
M.11.7.4.1 EP field format for the CIELab colourspace
If the value of EnumCS is 14, specifying that-the layer is encoded in the CIELab colourspace, then the format of the EP
field|shall be as follows (see Figure M.20):
RL OL RA 0A RB OB IL
T.801(21)_FM.20
Figure M-20-< Organization of the contents of the EP field for the CIELab (EnumCS = 14)
The RL, OL, RA; @A, RB and OB fields describe how to convert between the unsigned values N, Na, Np, as defingd by
Rec.|ITU-T 1242 that are sent to the compressor or received from the decompressor and the signed CIELab valuep L*,
a*, l4* as,defined by the CIE. The calculations from real values L*a*b* to values encoded in an integer, fixed point or
floatjng point format, which are expressed by Ni N;Np, are made as follows:
MAX, ollogy MAX
Ne=—p *b+ 5(BPC AND OX7F)+1 xOL
MAX,  « olloga MAX 4 |
Na=—pr>a = 5(BPC, AND OX7F)+1 xOA (M-18)
. [logy MAX}, |
Ny = MAX, 2 OB

g Pt 5(BPC, ANDOXTF)+1

where MAX., MAX, and MAX;, are the nominal maximum sample values according to Table M.26 for the channels
carrying the L, a* and b" data and BPCx 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
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numerical values of MAX,, MAX, and MAXp 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.

RA: 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 4-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-bytg big
endian unsigned integer.

OB: Offset for b*. This field specifies the OB value from Equation M-18. It is encoded,as a 4-bytg big
endian unsigned integer

IL: Illuminant. This field specifies the illuminant data used in calculating the CIELab values. Rather|than
specify the XYZ values of the normalizing illuminant, which are used_in ‘ealculating CIELal, the
specification of the illuminant data follows Rec. ITU-T T.4 Annex E. Thejilluminant data consigts of
4 bytes, identifying the illuminant. In the case of a standard illuminant, the 4 bytes are one df the

following:
Table M.29 — Standard illuminant values for C1ELab
IHluminant Stanhdard IL field value
CIE Illuminant D50 0x0044 3530
CIE HHluminant D65 0x0044 3635
CIE Illuminant D75 0x0044 3735
CIE llluminant SA 0x0000 5341
CIE Hlluminant SC 0x0000 5343
CIE Hluminant F2 0x0000 4632
CIE Hluminant F7 0x0000 4637
CIE Huminant-F11 0x0046 3131

When the illuminant\is specified by a colour temperature, then the 4 bytes consist of the string [CT',
followed by two (unsigned bytes representing the temperature of the illuminant in degrees Kelvir| as a
2-byte big endian unsigned integer. For example, a 7500K illuminant is represented by the 4 bytes
0x4354 1D4C)

Wheh the EP fields are gmitted for the CIELab colourspace, then the following default values shall be used. The dgfault
L*, g* and b* range parameters RL, RA and RB are 100, 170 and 200. The default L*, a* and b* offset values depend on
the gontents of the Rixel Format box, if present, and are specified in Table M.33. If the Pixel Format Box is not prgsent,
the table entriesfor signed or unsigned integer representations shall be used, depending on whether the channel is signed
or ursigned:

Table M.29bis — Default Offset Values and Encoding of Offsets for the CIELab Colourspace

Chimel Signeingss oL OA o
un(séglyargdé i fgggger 0 2BPCi 9BPCi—149BPCi—2

B iah) 0 0 °
unsi(géxgtéi f<ix1e38|c)Joint 0 2BPCi 9BPCi—149BPCi—2
g Bred g : : :
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Table M.29bis — Default Offset Values and Encoding of Offsets for the CIELab Colourspace

unsigned, floating point BPCi BPCi—149BPCi—2
(BPCi < 128) 0 2= e
signed, floating point
(BPC'>128)
NOTE — The relation between the number of bits in channel i is given by (BPCi AND 0x7f)+1, thus a value of 2587% indicates an
offset of half the available range for channel i. "AND" denotes here the bitwise binary AND operation of the two operands, see
also the definition of the Ssiz' parameter in Rec. ITU-T T.800 | ISO/IEC 15444-1.

NOTE — Other applications may use other range values by specifying EP field values. For example, the CIELab encoding in the
ICC Profile Format Specification, ICC.1:2001-11 specifies ranges and offsets for the CIELab encoding that are dlfferent than the
dETaults given nere. P g T L, are
uped, then they would have to be explicitly given in the EP fields.

0 0 0

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-(2321)
OA 32 0=(282-1)
RB 32 0-(232-1)
OB 32 0-(232-1)
IL 32 Variable

M.11.7.4.2EP field format for the CIEJab colourspace

If th¢ value of EnumCS is 19, specifying that the layer is encodéd in the CIEJab colourspace, then the format of the EP
field[shall be as follows (see Figure M.21):

RJ 0J RA OA RB OB
T.801(21)_FM.21

Figure M.21 — Organization of the contents of the EP field for the CIEJab (EnumCS = 19)

These fields describe how to conyert-between the unsigned values Nj, Na, Ny, as defined by CIE Publication No. 131}, that
are spnt to the compressor or received from the decompressor and the signed CIEJab values J, a, b as defined by the|CIE.
Accqrding to CIE Publication-No. 131, the calculations from real values Jab to integer, fixed point or floating point
formiat, which are expressed-by N;NaNb, are made as follows:

MAX [logy MAX j ]
N; = Iy 2 <0J
RJ 2(BPC; AND Ox7F)+1
MAX , ollog2 MAX |
Na=—pp xa+ 5(BPC, AND OX7F)+1 xOA (M1-19)
MAX, 5[log, MAX ]
Mo =—pg <P* 5(BPCp, AND OX7F)+1 x OB

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 BPC 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.

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.
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0J: Offset for J. This field specifies the OJ value from Equation M-19. It is encoded as a 4-byte big endian

unsigned integer.

RA: Range for a. This field specifies the RA value from Equation M-19. It is encoded as a 4-byte big

endian unsigned integer.

OA: Offset for a. This field specifies the OA value from Equation M-19. It is encoded as a 4-byte big

endian unsigned integer.

RB: Range for b. This field specifies the RB value from Equation M-19. It is encoded as a 4-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.

Whe
aand
of th
entri
unsig

o =

The

the EPfietds are omitted for the CTEJab cofourspace, then the foffowing defauftvaiues shatt be used. The defq

b range parameters RJ, RA and RB are 100, 255 and 255. The default J, a and b offset values depend on the-con
e Pixel Format box, if present, and are indicated in Table M.30bis. If the Pixel Format Box is not preseft; the
bs for signed or unsigned integer representations shall be used, depending on whether the channel is’ signg
ned:

Table M.30bis — Default Offset VValues and Encoding of Offsets for the CIEJab,Colourspace

Pixel Format F' and
Channel Signedness o) OA 0B
unsigned, integer 0 2BPCi 2BPCi
(BPC' < 128)
signed, integer
(BPC' > 128) 0 0 0
unsigned, fixed point 0 2BPCH 2BPCi
(BPC'<128)
signed, fixed point
(BPC' > 128) 0 0 0
unsigned, floating point 0 2BPC 2BPCi
(BPC' < 128)
signed, floating point
(BPC'> 128) 0 0 0

ffset of half the available range for channel i. #/AND" denotes here the bitwise binary AND operation of the two operand
so the definition of the Ssiz' parameter in ReC ITU-T 800 | ISO/IEC 15444-1.

Format of the contents of the EP figld for CIEJab (EnumCS = 19) is given in Table M.31.

Table M.31 — Eormat of the contents of the EP field for CIEJab (EnumCS = 19)

OTE — The relation between the number of bits jn‘channel i is given by (BPCi AND 0x7f)+1, thus a value of 28PCi indicales an

It J,
tents
table
d or

, See

Field name Size (bits) Value
RJ 32 0-(232-1)
0lJ 32 0-(282-1)
RA 32 0-(232-1)
OA 32 0-(232-1)
RB 32 0-(282-1)
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
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.
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The following additional value of the Asoc! field are normatively defined (see Table M.32):

Table M.32 — Colours indicated by the Asoc! field

M.1

The
that
Laye

require a channel definition more complex than can be defined using an‘Opacity box shall use a Channel Definition

Each
othe

Chra

Class of Colour indicated by the following value of the Asoc! field
colourspace
1 2 3 4
RGB R G B
Greyscale Y
XYZ X z
Lab L a b
YC,C, Y Ch C,
YXy Y X y
HSV H S \%
HLS H L S
CMYK C M Y K
CMY C M Y
Jab J a b
n colour 1 2 3 4
colourspaces

7.6 Opacity box

Dpacity box provides a minimal-overhead mechanism for specifying opacity through a chroma-key or speci
 particular compositing layer contains only colour channels followed by a single opacity channel. If a Compog
r Header box contains an Opacity box, then it shall not contain a Channel Definition box. Compositing layers

Compositing Layer Header box shall contain zero or one Opagtity boxes, and Opacity boxes shall be found
locations in the file.

ma-keyed opacity is a form of paletization and as such images using chroma-keyed opacity obey similar rules t

ying
iting
that
box.
n no

 full

palettized images with respect to lossy compression. Ip;either case, differences between the original image angl the

deco
code
only
enco|
the ¢

N
The

mpressed images reflect errors in a space that doesnot directly map to visual perception, and thus should n
H or decompressed in a lossy mode. Howeverfor chroma-key values, in contrast to a fully palettized compo
the samples of the image that are of the chrama-key value have to be encoded and decoded losslessly. Joint los
ding of the chroma-keyed region and lossy.coding of the remaining image region can be achieved using a ROI w
pdestream.

OTE — The Opacity box is intended fer use with lossless coding.

ype of the Opacity box shall be ‘opct' (0x6F70 6374). The contents of this box shall be as follows (see Figure M

Otyp
NCH

=
o

CVI\CH 1

T.801(21)_FM.22

Figure M.22 — Organization of the contents of an Opacity box

Dt be
hent,
sless
ithin

22):

Otyp:  Opacity type. This field specifies the type of opacity used by this compositing layer. This fig

Id is

encoded as a 1-bDyte unsigned integer. Ledal values OT the OUtyp Tield are as TOlTOWS.
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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.Chroma-key
colour. This value shall be equal to the number of channels in the compositing layer. This figld is
specified as a 1-byte unsigned integer.

CVi: Chroma-key value. This field specifies the value of channel i for the chroma-Key colour. Sample$ that
match the chroma-key value for all channels shall be considered fullyransparent. The size of this
field is specified by the bit depth of the corresponding channel. If the yalue is not a multiple of 8, then

each CV! value shall be padded to a multiple of 8 bits with bits gqual to the sign bit and the actual
value shall be stored in the low-order bits of the padded value. Eof'€xample, if the depth of a channel

is a signed 10-bit value, then the CV' value shall be stored irfxthe low 10 bits of a 16-bit field and the
high-order 6 bits shall be all equal to the sign bit of the 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 contents 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

Whep combining multiple codestreams to create a single compositing layer, it is important that the reference grigls of
thosg codestreams be properly régistered to ensure the registration of the individual samples from the multiple
components. This box specifies how those codestreams shall be registered when rendering the layer. A Compoditing
Laydr Header box shall eontdin zero or one Codestream Registration boxes, and Codestream Registration boxes shall be
founfl in no other locations in the file; a Codestream Registration box shall not be placed into the JP2 Header bpx to
specify a default registration. If any Compositing Layer Header box contains a Codestream Registration box, then gvery
Compositing Layer Header box shall contain a Codestream Registration box. If this Compositing Layer Header box|does
not ¢ontain @\Codestream Registration box, then the compositing layer shall be represented by one and only one
codeptream;

If codestream registration is not specified for a particular compositing layer, then the codestreams in that compogiting
layer shall be aligned by directly aligning their reference grids at both (0,0) and (1,I).

If a Codestream Registration box exists, then the default display resolution (specified within a Resolution box with the
same Compositing Layer Header box) applies to the compositing layer registration grid.

This registration is specified with respect to an independent compositing layer registration grid.
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The type of the Codestream Registration box shall be ‘creg' (0x6372 6567). The contents of this box shall be as follows
(see Figure M.23):

xs | vs | coN' | E|El2]8 CDN" 129

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

scali

ng factors RX' and RY' of the ith codestream in x and v:

RX!
RY'
and t
ox
ov!

on th
areas
regis
the 0

If a
same
regis

= XR'/ XS
= YR/ YS
he offsets OX' and OY' of the ith codestream in x and y:
= XO'/ XS
=YO'/YS

e compositing layer registration grid. The overall area of the registration grid is defined to be the intersection gf the

covered by the scaled and offset component codestreams grown out as required to the nearest whole infeger
tration grid point. The requirement that XO' < XS and YO' < YS ensures that‘this intersected area always inc|udes
rigin (0,0) of the compositing layer registration grid.

Codestream Registration box exists, then the default display resolution\(specified within a Resolution box with the
Compositing Layer Header box) applies to the compositing layer after all components have been rescaleq and
tered.

XS: Horizontal grid size. This field defines the number of horizontal fractional grid points from (0, ]0) to
(1, 0) on the compositing layer registration-grid. These fractional grid points are used to measure the
distance between the reference grids of the-individual codestreams. This field is encoded as a 2fbyte
unsigned integer.

YS: Vertical grid size. This field definesithe number of vertical fractional grid points from (0, 0) to {0, 1)
on the compositing layer registration grid. These fractional grid points are used to measurg the
distance between the referen¢e grids of the individual codestreams. This field is encoded as a 2tbyte
unsigned integer.

CDN!:  Codestream number.This field specifies the number of the codestream for this registration valug.

XR": Horizontal resolution. This field specifies the horizontal distance between points on the referencq grid
of the codestream specified by the CDN' parameter, measured in the number of fractional points on
the compesiting layer registration grid. This field effectively specifies the horizontal scaling needed
to match-the codestream's reference grid with the compositing layer registration grid. This figld is
encaded as a 1-byte unsigned integer.

YRI: Vertical resolution. This field specifies the vertical distance between points on the reference gifid of

the codestream specified by the CDN' parameter, measured in the number of fractional points op the
compositing layer registration grid. This field effectively specifies the vertical scaling needed to
match the codestream’s reference grid with the compositing layer registration grid. This figld is
encoded as a 1-byte unsigned integer.

compositing layer registration grid to the centre of the top left point on the reference grid 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 origin of the
compositing layer registration grid to the centre of the top left point on the reference grid 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
X0l 8 0-255
YO 8 0-255

M.11.

This
toa

7.8 Pixel Format box

box defines how samples represented in a channel are interpreted as numerical values representing colouraccofding
olourspace. If this box is absent, the default interpretation of the corresponding codestream is used. For‘codestrpams

following Rec. ITU-T T.800 | ISO/IEC 15444-1 (JPEG 2000), the reconstructed samples form signed griunsigned intggers

who
Rec.

absence of this box, interpreted to encode numbers in the binary two's complement.
In th

e bit depth is given by the Palette Mapping Box, Bits Per Component Box or Image” Header Box,
ITU-T T.832 | ISO/IEC 29199-2 (JPEG XR), the codestream reconstructs abstract bit patterns which are, ip

For
the

e presence of this box, a two-stage conversion process converts the reconstructedssample values from its sgurce

formgt to one of the specified target formats: In the first stage, reconstructed integef, samples are represented in bjnary

two'g complement form. In the second stage, these bit patterns are re-interpreted according to the contents of this bgx.

NOTE - In typical computer hardware, integers are already represented in the twojss\complement notation. The first stage hence
quires no operation. The second stage is usually nothing more than a C-style “reinterpretation cast" to the target representftion;
that is, all this box defines is to which target data type the sample values afe Ycasted" before using them as input for a go

rq

C
€

Ther|
The

bnversion or sample interpretation. Other means in the codestream should*he provided to ensure that this re-interpretation gl
ficient compression of the data, e.g., the two's complement to sign-magnitude conversion by an appropriate NLT marker.

e shall be at most one Pixel Format Box per JP2 Header Box(if present) or per Compositing Layer Box.

ype of this box shall be 'pxfm' (0x7078 666d). The format of this box shall be as follows (see Figure M.23bis)

T.801(21)_FM.23bis

Figure M.23bis — Layout of the Pixel Format Box

N:  Number of channels. This field specifies the number of channels whose pixel format is specified i
box. This number-shall be identical to the number of channels defined in the Channel Definition Eio

unsignedtinteger.

encoded as a 2-byte big endian unsigned integer.
F%: Pixel Format. This field specifies the encoding of the pixel value as a bit pattern. For example, the

188

lour
ows

this
X if

present, or.identical to the number of components in the codestream. It is encoded as a two-byte big edian

CnP: ChanneMndex. This field specifies the index of the channel whose pixel format is specified. The valpie of
this field represents the index of the channel as defined within the Component Mapping box or the actual
component from the codestream if the file does not contain a Component Mapping box. This figld is

bit

r\gﬂ'arn rnr\r\nofrnr\fnrl h\l fhn r\nrlnofrnam FyaY ||r4 hn |nfnrnrafor| as olnnnd oF ||n0|nnar| |nfnnnr as-a flvnd :)Olnt
Sert rpretea STt ege

value or as a floating p0|nt number. These numbers are then interpreted as colour |nten5|t|es 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 F

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

Dafinition Doy af tha channal vanvacanting tha maanticcs
DT O DO O - Crarmer e pgre sttty errartooar

010 0000 0000 0000 The bit pattern of the channel is to be interpreted as a signed or unsigned integer represenfing
an exponent of a floating point number. The mantissa of this number is described bya ehannel
associated to the same colour or all of the image.

The Typ' value of an exponent channel in the Channel Definition Box shall belignored.

011 ffff ffff ffff The bit pattern of the channel is to be interpreted as fixed point numberwith f fractional [bits
(i.e., bits to the right of the binary point), or equivalently, a fixed point number that is pre-
shifted by f bits. The number of integer bits is given as the difference.of the bit depths of the
corresponding source component minus the number of fractional bits. The fractional valde is
reconstructed by dividing the integer value of the corresponding.channel by 2.

100 mmmm mmmm mmmm The bit pattern of the channel is to be interpreted as floating-point number with one sign|bit,
exponent bits and m mantissa bits. The number of exponent bits is given by the bit precigion
of the component or palette entry used to define the<channel, minus one, minus the numbgr of
mantissa bits. The topmost bit of the bit pattern is‘the'sign bit, followed by the exponent bits,
followed by the mantissa bits. The mantissa contains an implicit one bit that is not encofled,
and the exponent is encoded as unsigned binary integer with a bias of size 2e-1-1, where|e is
the number of exponent bits. The reconstruction of the floating point number described by the
bit pattern is defined by ISO/IEC/IEEE 60559.

all other values Reserved for future use.
NOTE — Pixel formats 0001 0000 0000 0000 and 0010 000 0000.0000 are special in the sense that they require the input of two
channels to reconstruct the sample value for one colour, where chiannels are matched corresponding to their association value Asoc'
defined by the Channel Definition Box. A mantissa associated to a specific colour matches an exponent associated to the fsame
cplour, or an exponent associated with all of the image —and vice versa. This pixel format is most useful for the RGBE encpding
cpnsisting of four channels; the first three channels are associated to the red, green and blue colour and have a pixel format of type
0p01 0000 0000 0000 (mantissa), the last channel iscassociated to all of the image and has a pixel format of type 0010 0000{0000
0p00 (exponent).
Fpr fixed point formats, the pixel format specifies only the number of fractional bits, the number of integer bits is implici}. For
ekample, the 2.13 fixed point format of JPEG XR is encoded as a pixel format of 0011 0000 0000 1101 with signed codesfream
cpmponents of 16 bits, the 7.24 fixed paint format is represented with 32 bit components and a pixel format of type 0011 0000{0001
1poo.
Hoating point numbers follow ISO/TEC/IEEE 60559 encodings as much as possible, even though ISO/IEC/IEEE 60559 dogs not
iclude extensions such as "half-float" numbers. All these encodings share a sign bit s, exponent bits e and mantissa bits m pgcked
into a bit pattern from mostsignificant to least significant in this order. The Table M.35ter shows the encoding of the most common
floating point formats.-Note that other formats are possible, and this table provides examples for commonly used floating point
formats only:
Table M.35ter — Common floating point formats (informative)
Value Meaning
01400000 0001 0111 ISO/IEC/IEEE 60559 single precision (binary32) format. This format uses 23 mantissa bifs, 8
EXPONENt DITS and ONe SIgn PIt. 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 - 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 thenbe 0100 0000 0000 1111 as 15 mantissa bits remain in the truncated format.

M.1

1.8 Contiguous Codestream box

In a JPX file, the Contiguous Codestream box contains an entire codestream as defined by the codestream syntax.
However, unlike the JP2 file format, the codestreams contained within a JPX file are not restricted to codestreams defined
by Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1. Codestreams contained within a JPX file may also use extensions
to the codestream syntax defined in Annex A of this Recommendation | International Standard.

Contiguous Codestream boxes shall be found only at the top level of the file; they shall not be found within a superbox.

M.1

The
In a

.9 Media Data box

Media Data box contains fragments of the JPEG 2000 codestream or other media data, such as MPEG-4 audio
y case, there shall be other boxes in the file that specify the meaning of the data within the Media Data

Appwications should not access Media Data boxes directly, but instead use the fragment table to determine:what pa

which Media Data boxes represent a valid JPEG 2000 codestream or other media stream.

The

ype of a Media Data box shall be 'mdat’ (0x6D64 6174). The contents of a Media Data box in general are not de

by this Recommendation | International Standard.

M.1
The

.10 Composition box (superbox)

Composition box specifies how the individual composition layers are combingdyto create the rendered resu

contgins a set of global options, followed by a sequence of one or more sets of réndering instructions (each cont
within an Instruction Set box). Each individual instruction is associated with a_¢omposition layer in the file and de
how [that composition layer shall be rendered: its location, scaling, composite’ operation, etc. A reader that sup

com

position and animation shall display the file containing the Compositiarmbex by executing the sequence of instrug

defirled within the Composition box. Details on the composition and animation model are specified in clause M.5

JPX
it sh

The

M.24):

The

M.1

file shall contain zero or one Composition boxes. If present, thatbox shall be found at the top level of the JPX
4l not be found within a superbox.

type of the Composition box shall be ‘comp’ (0x636F 6D.70) and it shall have the following contents (see F

iq ‘[O L n
copt S¢ 1set

T.801(21)_FM.24
Figure M-24— Organization of the contents of a Composition box

copt: Composition ‘Options box. This box specifies parameters that apply to the composition or anim
as a whale. It is defined in clause M.11.10.1.

iseti: Instruction Set box. This box contains a set of instructions for how to combine the mu
composition layers in the file. The entire set of Instruction Set boxes specify the entire compos
or animation, and are processed in the order they are found within the Composition box.
Composition Instruction box is defined in clause M.11.10.2.

format'of the contents of the Composition box is given in Table M.36.

data.
box.
ts of

Fined

It. It
ined
fines
borts
tions
3. A
file;

gure

ption

tiple
ition
The

Table M.36 — Format of the contents of the Composition box

Parameter Size (bits) Value

copt Variable Variable

isetl Variable Variable

1.10.1  Composition Options box

The Composition Options box specifies parameters that apply to the composition or animation as a whole. The
Composition Options box shall be the first box in the Composition box and a Composition Options box shall not be found
in any other location in the file.
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The type of the Composition Options box shall be ‘copt' (0x636F 7074) and contents of the box shall have the following
format (see Figure M.25):

GREPT

HEIGHT WIDTH

T.801(21)_FM.25

Figure M.25 — Organization of the contents of a Composition Options box

HEIGHT:  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

JP2 Header box. This Tield 1s encoded as a 4-byte unsigned Integer.

WIDTH: Rendered result width. This field specifies the width, in samples, of the final rendered-esult
resolution of this value is optionally defined in the Default Display Resolution boX in thg
Header box. This field is encoded as a 4-byte unsigned integer.

GREPT: Global Repetition. This field specifies the number of times to fully (tepeat the di
instructions, after executing the display instructions the first time. For a GREPT value of
this means the entire set of instructions in the comp box is executéd -once. A value of
indicates that the reader should repeat the entire set of instructions jindefinitely. Prior to
execution of the instruction set, the display area shall be restered to its original state an
instructions' composition layer association reset. Each loop\execution should be vis
equivalent to redisplaying the composition from scratch.~This field is encoded as a 1
unsigned integer.

The
JP2

play
zero
255
each
d all
Lially
byte

The format of the contents of the Composition Options box is given in Table/M.37.
Table M.37 — Format of the contents of thexComposition Options box
Parameter Size (hits). Value
HEIGHT 32 1-2%21
WIDTH 32 1-2%21
GREPT 8 0-255
M.11.10.2 Instruction Set box

paral
coun
foun

An I'r_:struction Set box contains a set of.rendering instructions, each represented through a series of compos

eters. In addition, the entire setf instructions contained within this box may be repeated according to a r
t; this repeating occurs before thereader continues on with the instructions found within the next Instruction Se
1 within the same superboX.instruction Set boxes shall be found only within either a Composition box

ition
Ppeat
t box
or a

Compositing Layer Extensions:boX; they shall not be found in any other locations in the file.
The fype of the Instruction.Set box shall be 'inst' (0x696E 7374) and contents of the box shall have the following fqrmat
(see Figure M.26):
Ityp REPT INST! INST
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:
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.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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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 XXXX 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 instructions after

executing the instruction set the first time. The instructions are always executed at least once (REPT
is zero) and the instructions may apply to different compositing layers on each repetition as
determined by the Next-use field of the instructions. This field is encoded as a 2-byte big endian

||ncignnr‘l infngnr A value of 65 535 indicates to rnpnnf the instruction inr‘lnfinimly

The format of the contents of the Instruction Set box is given in Table M.39.

M.11.10.2.1

TICK:

INST:

Duration of timer tick. This field specifies the duration of a timer tick (used by the LIFE instru
parameter) in milliseconds. This field is encoded as a 4-byte big endian unsigned integet:. 1f'the
field specifies that the LIFE instruction parameter is not used, then this field shall be set to O
shall be ignored by readers.

Instruction. This field specifies a series of instruction parameters for a single jinstruction. The fqg

Ction
Ityp
and

rmat

of this field is specified in clause M.11.10.2.1.

Table M.39 — Format of the contents of the Instructien-Set box

Parameter Size (bits) Value
Ityp 16 0-65 535
REPT 16 0-65 535
TICK 32 0-(232-1)
INST! Variable Variable

Instruction parameter

Figure M.27 shows the contents of each individual INSTfield (a single compositing instruction) within an Instructioh Set

LIFE | NEXT-

P —

fERPURPR U SUD. -\ Wh. PRI SRS Uy X g - - — -

Figure M.27 —Qrganization of the contents of an INST field within an Instruction Set box

XO:

YO

Persist T.801(21)_FM.27

Horizontal offset. This field specifies the horizontal location at which the top left corner gf the
compositing layer being acted on by this instruction shall be placed in the render area, in sanples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a dgfault
value of zero shall be used.

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 sanples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a ddfault

192

WIDTH:

HEIGHT:

PERSIST:

Rec. ITU-T T.801 (06/2021)

value of zero shall be used.

Width of the current compositing layer. This field specifies the width on the render area, in
display samples, into which to scale and render the compositing layer being acted on by this
instruction. This field is encoded as a 4-byte big endian unsigned integer. If this field is not
present, the width of the compositing layer shall be used.

Height of the current compositing layer. This field specifies the height on the render area, in
display samples, into which to scale and render the compositing layer being acted on by this
instruction. This field is encoded as a 4-byte big endian unsigned integer. If this field is not
present, the height of the compositing layer shall be used.

Persistence. This field specifies whether the samples rendered to the display as a result of the
execution of the current instruction shall persist on the display background or if the display

© ISO/IEC 2021 - All rights reserved
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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.

Duration of this instruction. This field specifies the number of timer ticks that should ideally
occur between completing the execution of the current instruction and completing execution of
the next instruction. A value of zero indicates that the current instruction and the next instruction
shall be executed within the same display update; this allows a single frame from the animation
to be composed of updates to multiple compositing layers. A value of 231-1 indicates an
indefinite delay or pause for user interaction. This field is encoded as a 31-bit big endian
unsigned integer. If this field is not present, the life of the instruction shall be set to 0.

roHce.

This
Refe]

XC:

YC:

WC:

HC:

ROT:

Numberefnstraetions-beforereuse—This-field-speetfiestherumberofinstruetionsthatshall be
executed before reusing the current compositing layer. This field allows readers to"sinply
optimize their caching strategy. A value of zero implies that the current image shall ngtbe rqused
for any ensuing instructions, notwithstanding the execution of a global loop as a result of ajnon-
zero value of the GREPT parameter in the Composition Options box. A value of,one (1) implies
that the current compositing layer will be used with the next instruction/and so on.| The
compositing layer passed on for reuse in this manner shall be the original compositing layer,
prior to any cropping or scaling indicated by the current instruction. If.this field is not pregsent,
the number of instructions shall be set to zero, indicating that the current compositing layer(shall
not be reused. This field is encoded as a 4-byte big endian unsighed integer.

Horizontal crop offset. This field specifies the horizontal distance in samples to the left edpe of
the desired portion of the current compositing layer. The-desired portion is cropped from the
compositing layer and subsequently rendered by the-gurrent instruction. If this field i$ not
present, the horizontal crop offset shall be set to 0/This field is encoded as a 4-byte big epdian
unsigned integer.

Vertical crop offset. This field specifies thexwertical distance in samples to the top edge df the
desired portion of the current compositinglayer. The desired portion is cropped from the
compositing layer and subsequently rendered by the current instruction. If this field i$ not
present, the vertical crop offset shall‘be set to 0. This field is encoded as a 4-byte big epdian
unsigned integer.

Cropped width. This field specifies the horizontal size in samples of the desired portion df the
current compositing layer~The desired portion is cropped from the compositing layell and
subsequently rendered. by the current instruction. If this field is not present, the cropped width
shall be set to the width*of the current compositing layer. This field is encoded as a 4-byte big
endian unsigned integer.

Cropped height. This field specifies the vertical size in samples of the desired portion of the
current compositing layer. The desired portion is cropped from the compositing layer| and
subsequently rendered by the current instruction. If this field is not present, the cropped height
shall-be Set to the height of the current compositing layer. This field is encoded as a 4-bytg big
endian’unsigned integer.

Rotation. This field specifies an optional rotation and mirroring that is to be applied as las{ step
after cropping and before rescaling and rendering the image to the screen. If the ROT field {s not
present or is zero, the image shall be rendered in an orientation according to the specificgtions
of the corresponding codestream.

field is,encoded as a 4-byte big endian integer; its encoding is specified in Table M.40bis.

Fences to Ityp within the individual instruction parameters in Table M.40 refers to the Ityp field within the Instrugction

Set b
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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 ltyp 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 XXXX XX1x XxxX
0 Not applicable otherwise
YC 32 0-(232-1); if Ityp contains Xxxx XXxX XX1X XXxx
0 Not applicable otherwise
WC 32 0-(232-1); if Ityp contains XX\ XXXX XX1X XXXX
0 Not applicable-otherwise
HC 32 0-(232-1); if Ityp contains'xxx XXxx XX1X XXXX
0 Not applicable otherwise
ROT 32 0-31, see Table M.47;4f ITyp containg XXxx XXxX X1xx
0 xxxx:Not applicable otherwise

Table M.40bis — Encoding-of the ROT field

I\\ﬁl;es (llj_lé‘g Meaning
0000 0000 Orientation notspecified, use the orientation defined in the codestream (if any).
000x 0001 Rotate by Q° clockwise
000x 0010 Rotate(by 90° clockwise
000x 0011 Ratate 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 fendering an imagetin“the presence of an instruction set box, the following steps shall be applied:
»  Crop'the image to XC, YC, WC, and HC if cropping parameters are present.

+ «Rotate and/or flip the image according to the ROT parameter if present. If the ROT parameter i$ not
present, the image takes the orientation defined by the corresponding codestream.

»  Rescale the image to WIDTH and HEIGHT if these parameters are present.

= _Render the top Ieit edge of the resulting image at position X0, YU Mo the COMposIiting 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 Bl 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 Bi 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 b‘f7 associations
Association box

‘ ROI Description box

‘ XML box

T.801(21)_FM.28

Figure M.28 — Example of ROI specific metadata associated with one or maré.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

| Label box

T.801(21)_FM.31

Figure M3t =Exampteof atabetted-immage
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):

<N

BF B,U B

T.801(21)_FM.32
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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

RE N ariahla \ariahla
=4 Vo oioTe: Vo T

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 Associationp0ox, a Numbef List
box $tands for the listed entities.

The fype of a Number List box shall be 'nlst' (OX6E6C 7374). The contents of the NumberList Box shall be as follows
(see Figure M.33):

AN 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 aumber of an entity with which the data contained within
the same Association box is associated. This value is stored as a 4-byte big endian unsigned integer,
where the high order byte specifies the-type of entity with which the data is associated, and the fhree
low order bytes specify the numbenofthat entity. Legal values of this field are given in Table M.42.

Table M.42 — AN field values

Value Meaning

The'rendered result.

Thedow three order bytes (of value i) specify Codestream i in the JPX file.

-The lower three order bytes (of value i) specify Compositing Layer i in the JPX file.
All other values reserved.

0x¢000 0000
0x(1XX XXXX
0x(@2XX XXXX

The format of the contents of the Number List box is given in Table M.43.

Table M.43 — Format of the contents of the Number List box

196

Parameter

Size (bits)

Value

AN'

32

0-(°41)
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M.11.13 Label box

The Label box contains a textual label that may be associated with an entity or entities in the file by inclusion of the Label
box within an Association box, a Codestream Header box, or a Compositing Layer Header box.

The type of a Label box shall be 'IbI\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.1

The
the f
size.
data
of bg
Bina|
anyw

A co

S: Label string. A textual label associated with an entity. This value is stored as ISO/IEC 10646 characts
the UTF-8 encoding. Characters in the ranges U+0000 to U+001F inclusive and U+007F ¢o, U+
inclusive, as well as the specific characters /', ;', '?', ;" and '#', are not permitted in the label'string. L
strings are not null-terminated or padded in any other way; every character that is present is.significg

.14 Binary Filter box

Binary Filter box allows portions of the file to be further compressed or encoded (i.e., encrypted). For examp
le contains a significant amount of metadata in XML, it can be losslessly compressed\to’drastically reduce th
This box contains an indicator specifying how the data was transformed, as well as\the transformed data. Onc
s transformed through the reverse operation (i.e., decrypted or decompressed), the resulting data shall be a seqy
xes, where the first byte is the first byte of the first box header, and the last bytis the last byte of the last box
'y Filter box is optional, and there may be multiple Binary Filter boxes in thé.file. A Binary Filter box may be fi
here in the file except before the Reader Requirements box.

rsin
DO9F
Label
nt.

le, if
b file
e the
ence
The
bund

hforming decoder is not required to process the data within a Binary ‘Filter box. Thus, a Binary Filter box shall not

contgin boxes for which interpretation is required for reader conformance.
The type of a Binary Filter box shall be 'bfil' (0x6266 696C). The.contents of the Binary Filter box are defined as follows
(see Figure M.35):
R
F
T.801(21)_FM.35
Figure M.35 —Organization of the contents of a Binary Filter box
F: Filter type. This field specifies how the data was transformed before storage. This value is encoded
as a UUID. Standard defined values are given in Table M.44.
Table M.44 — Legal Filter types
Value Meaning
EC340B04-74C55121D4-A729- | Compressed with GZIP. The contents of the DATA field have been compressed using the
879EA3548F0E DEFLATE algorithm (as specified in RFC 1951). The compressed data is stored in the binary
structure defined by the GZIP file format, as specified in RFC 1952.
EC340B04-74C5-11D4-A729- | Encrypted using DES. The contents of the DATA field has been encrypted using DES as
879EA3548EQE defined-in1SQ 10126-2
NOTE: I1SO 10126-2 is withdrawn.
All other values reserved.

If a conforming reader does not recognize the particular UUID, then the reader shall ignore this B
Filter box.

DATA: Transformed data. This field contains previously transformed data. Once the reverse transform

inary

ation

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.

The format of the contents of the Binary Filter box is given in Table M.45.
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Table M.45 — Format of the contents of the Binary Filter box

Parameter Size (bits) Value
F 128 Variable
DATA Variable Variable

M.11.15 Desired Reproductions box (superbox)

The Desired Reproductions box specifies a set of transformations that shall be applied to the image to guarantee a specific
desired reproduction on a set of different output devices, respectively. For example, consider an image that contains real-
world blue colours. This image is intended to be printed in a catalogue, and thus the printed image shall match the actual
coloyr_of the original physical object when seen hy a human viewer However, the CMYK printing process does not
repraduce the same range of blue colours as are viewable by the human visual system. In this instance, the catalog prtist
shall|determine how to best convert the blue colour in the image to a printed blue colour to minimize differences betyveen
the physical object from the printed reproduction.

A JP[X reader is not required to process the image through the specified transformations.

This|box contains a set of separate desired reproductions. There shall be only one Desired Repradugtions box withip the
file, vhich may be found anywhere within the file.

The type of the Desired Reproductions box is ‘drep' (0x6472 6570). This box is a superbex;-and the contents of thq box
shall{be as follows (see Figure M.36):

gtso

T.801(21)_FM.36

Figure M.36 — Organization of the contents of the Desired Reproductions box

gtso: Graphics Technology Standard Output box(/This box specifies the desired output colour and|tone
reproduction for the rendered result whenprinted under commercial printing conditions. The fqrmat
and definition of this box is specified inelause M.11.15.1

Other boxes may be found within the Desired Reproductions box. Readers shall ignore any boxes that they d¢ not
undefstand.

The Pesired Reproduction box is optional for.¢onforming files.

M.11.15.1  Graphics Technology Standard Output box

A Graphics Technology Standard Output box specifies the desired reproduction of the rendered result for commagrcial
printing and proofing systems. The box contains an Output ICC profile specifying the desired conversion of the ifnage
from| the Profile Connection Space (PCS) to the desired device specific output colourspace. There shall be only zero or
one Graphics Technology Gtandard Output box within the file. If present, this box shall be found within the Degired
Reprpductions box.

The type of a Graphies Technology Standard Output box is 'gtso’ (0x6774 736F). The contents of the box shall be as
follops (see 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 specification ICC-1.
Version information is embedded within the profile itself. Applications that only support specific
versions of the ICC Profile Format Specifications can extract the version number from bytes 8-11 of
the profile (bytes 8-11 of the contents of the Output ICC Profile box).

The format of the contents of the Graphics Technology Standard Output box is given in Table M.46.
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Table M.46 — Format of the contents of the Graphics Technology Standard Output box

Parameter Size (bits) Value
OUTP Variable Variable

M.11.16 ROI 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
of the image. The ROIs described in this box are not necessarily coded as ROIs within the codestream; it also allows an
application or user to signal the importance of certain parts of an image even if these parts are not emphasized by the
RGN or ARN marker segment in the codestream. There can be multiple ROI Description boxes within the file. However,
a RQ|I Description box shall be found only at the top level of the file, or within the JP2 Header box, a Codestream;H¢ader
box ¢r an Association box. If the ROI Description box is found within a Codestream Header box, then the ROlsdescfibed
in that ROI Description box pertain to the particular codestream described by that Codestream Header box,“\H the| ROI
Desgription box is found within the JP2 Header box, then the ROI description box specifies default ROIdinformation for
all codestreams. If the ROI Description box is found at the top level of the file, then it specifies ROl information fdr the
rendgred result; the ROIs described at a top-level box are not directly associated with coded ROIs within any codestijeam.

The type of the ROI Description box shall be 'roid' (0x726F 6964). The contents of this box shall*he“as follows (see Fjgure
M.38):

2l | &8
Z ~ |
& Rlex’ Rlcy’ Rwdt’ Rhth’
z 2l Ton ) ) roi.
| Z| 2 Rlex""! Rley™"! Rwdt"™"! Rhth™"!
T.801(21)_FM.3
Figure M.38 — Organization.of-the contents of the ROI Description box
Nroi: Number of Regions of Interest. Encoded as an 8-bit integer.
Ri: Region of Interest presént'in codestream. Encoded as an 8-bit integer. Legal values of the Ri 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-DY);or-orientedetipticat refirement-(one-vatue)—Rtyp-may-identify-aquadritateratrefirement
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

The

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.

Rlcx:

Rlcy'":

Rwdt':

Rhth':

format of the contents of the RO[\Description box is given in Table M.49.

The value 0 means low coding priority and 255 means maximum coding priority. This vallie is

encoded as a 1-byte unsigned integer. In transcoding applications, bits should be allocated
respect to the coding priority of each ROI.

Region of Interest horizontal location. In the case of an Aligned Rectangular Region of ‘Interes

with

ora

Quadrilateral Refinement, this is the horizontal position of the top left corner of the relevant rectangle.

In the case of an Aligned Elliptical Region of Interest this is the horizontal positieir of the centre |
For an Oriented Elliptical Refinement, this is the horizontal position at which.the ellipse touche
upper edge of its bounding box, as identified by the immediately preceding region of interest.
value is stored as a 4-byte big endian unsigned integer.

Region of Interest vertical location. In the case of an Aligned Rectangular Region of Interest
Quadrilateral Refinement, this is the vertical position of the top-left corner of the relevant rectaj
In the case of a Simple Elliptical Region of Interest this is théwertical position of the centre poin
an Oriented Elliptical Refinement, this is the vertical position at which the ellipse touches th
edge of its bounding box, as identified by the immediately preceding region of interest. This va
stored as a 4-byte big endian unsigned integer.

Region of Interest width. In the case of an Aligned Rectangular Region of Interest or a Quadril
Refinement, this is the width of the relevant rectangle. In the case of an Aligned Elliptical Regi
Interest this is the amount by which the ellipse extends to the left and to the right of its centre. F

oint.
s the
This

ora
hgle.
. For
p |eft
ue is

teral
bn of
Dr an

Oriented Elliptical Refinement, this parameéter shall be 1. This value is stored as a 4-byte big epdian

unsigned integer.

Region of Interest height. In the case of an Aligned Rectangular Region of Interest or a Quadril
Refinement, this is the height of:the relevant rectangle. In the case of an Aligned Elliptical Regi
Interest this is the amount py-which the ellipse extends above and below its centre. For an Orig
Elliptical Refinement, this'parameter shall be 1. This value is stored as a 4-byte big endian unsi
integer.

Table M.49 — Format of the contents of the ROI Description box

teral
bn of
nted
gned

Parameter Size (bits) Value
Nroi 8 0-255
Ri 8 0-255
Rtyp! 8 0-255
Rsig’ 8 0-255
Rlcxi 32 0—(2%-1)
Rlcy! 32 0-(2%-1)
Rwdt 32 1-(2%2-1)if Rtyp' # 3
1ifRyp'=3
Rhth' 32 1-(2%2-1)if Rtyp' =3
1lifRyp'=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:
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Rlcx' < x < Rlex' + Rwdt! and Rlcy' <y < Rlcy' + Rhth'.
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If Rtyp' identifies an Aligned Elliptical Region of Interest, the locations (x,y) which are considered to be included within
the region are those which satisfy:

(x — Rlex')? / (Rwdt')? + (y — Rlcy")? / (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™™!, Rlcy'™!, Rwdt™! and Rhthi"! 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:

X0 =Rt X[ I =RItX, X[2] = Rt F RWdt— 1, X[3=RItX~*+F Rwdt~— 1and

Y[0] = Rlcy™, Y[1] = Rlcy!, Y[2] = Rlcy + Rhthi — 1, Y[3] = Rlcy** + Rhth™ — 1

These values shall satisfy the following constraints:

X[0] < X[1] < X[2] < X[3] and Y[0] < Y[1] < Y[2] < Y[3]

The puadrilateral is defined by four vertices V1, V2, V3 and V4, having horizontal and vertical coordinates (V1x,Y1y),
(V24,V2y), (V3x,V3y) and (V4x,V4y). These vertices and associated edges aresconsidered to be included within the
regidn. The vertical coordinates of the vertices shall be obtained as follows:

V1y = Y[0]; V2y = Y[1]; V3y = Y[2]; and\V4y = Y[3].

The horizontal coordinates of the vertices shall be obtained using thefollowing equations:

Vix = X[A], where A is the 2 bit field identified in.Fable M.49, taking values in the range 0 to 3;

V2x = X[(A+1+B) mod 4], where B is the 2-bit field identified in Table M.49, taking values in the range
0to 2;

V3x = X[(A+1+((B+1+C) mod 3))/mod 4], where C is the 1 bit field identified in Table M.49; and
Vix = X[(A+1+(B+2C)mod 3)) mod 4].

The ponnectivity of the vertices is determined by the 2 bit field D identified in Table M.56, which takes values ip the
range 1 to 3. Table M.49bis identifies the three possible connectivity cases and the associated values of D.

Table M.49bis — Interpreting the 2 bit D field of Rtyp' for quadrilateral refinements

DD Connectivity of quadrilateral vertices
01 Vi->V2->5V3->V4i-> V1
10 Vi->V3i->V4i>V25V1
11 Vi->V4-5V2-5V3> V1

The vertices obtained by following the above procedure shall correspond to those of a well-formed quadrilateral region,
in which opposite edges do not intersect, except possibly at their end-points.
NOTE — Any or all edges may be degenerate, in the sense that the two vertices that define any edge may coincide. In this way,
quadrilateral refinements may be used to describe triangular regions, arbitrarily oriented lines (of width 1) or even isolated points.

If Rtyp' identifies an Oriented Elliptical Refinement, Rtyp™™! shall identify an Aligned Elliptical Region of Interest, and
the values of Rlex™!, Rlcy™!, Rwdt"! and Rhth™"! shall describe the centre, left/right extent and above/below extent of a
bounding rectangle for the oriented elliptical region. In this case, the values of Rwdt' and Rhth' shall be equal to 1 and the
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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 = Rhthit; Xc = Rlcx™; Yc = Rlcy™ ; o = (Rlex! — X¢) / Ho; B = (Yc — Rley') / Wo;

W, =Wo sgrt(1 — o - B); and Hi = Ho sqrt(1 —a - B).

Horizontal Skewing Procedure: Starting with an elliptical region centred at the location (Xc, Yc), extending horizontally

by +
Loca

Vert
+Wog
(xy

The

Mors

N

M.1
This
signa
digit
marK
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Wi and vertically by tHo, shift each location (x,y) within this initial ellipse horizontally by an amount a - (Y
tion (x,y) belongs to the oriented ellipse if and only if it satisfies: (x — Xc — a( Yc-y))? / W + ((y — Yc)?/ Ho?

and vertically by +H,, shift each location (x,y) within this initial ellipse vertically by an amount B,: (x=Xc). Lod]

belongs to the oriented ellipse if and only if it satisfies: (y — Yc — B (x — Xc))? / HP? + ((x — Xc)AWe? < 1.
alues of Rlcx' and Rlcy' shall satisfy:

Xc—Wo < Rlexi < Xc+Wo; Yc—Ho< R|Cyi <Yc+ Ho.

over, there shall be a y in the range —1 to 1, such that Rlex! and Rlcy' satisfy th€ following compatibility constj

YWo — ¥ < (Rlex' — Xc) < yWo + ¥%; and yHo — % < (Yc — Rlcy') £ yHo + %.

OTE — The compatibility constraint serves to ensure compatibility between.the horizontal and vertical skewing procedures

.17 Digital Signature box

box contains a checksum or digital signature that may be\used to verify data contained within the file. This d
ture is used to protect a very specific byte stream within the file. Any change to that byte stream will invalidat
| signature. For example, if a compressed codestream is signed, and then later modified by adding error resil
ers, the digital signature will indicate that the byte stream has been modified.

here in the file except before the Reader-Requirements box. There may be more than one Digital Signature b
le. The contents of a Digital Signature.box shall be as follows (see Figure M.39):

""""" ‘][\W[ %

Styp Ptyp

T.801(21)_FM.39

Figure M.39 — Organization of the contents of a Digital Signature box

Stypt. ) ' Signature type. This field specifies the type of digital signature contained within this Digital Sign
box. This field is encoded as a 1-byte unsigned integer. Legal values of the Styp field are as sho
Table M.50.

c-y).
<1.

cal Skewing Procedure: Starting with an elliptical region centred at the location (Xc, Yc), extending horizontally by

ation

aint:
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ype of a Digital Signature box shall be 'chek: (0x6368 636B). The Digital Signature box is optional and may ¢ccur

DX in

pture
VN in

Table M.50 — Legal Styp values

Value Meaning

0 A checksum, generated by applying the MD5 algorithm 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 RFC 1321.

1 The checksum is generated 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 unsigned
integer.

2 The digital signature is generated by applying the DSA algorithm, as defined in FIPS 186-4, to the source data.

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.

The signature consists of two unsigned integers, r and s. The DATA field shall be 40 bytes long. The first 20 bytes
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Table M.50 — Legal Styp values

Value

Meaning

A digital signature, generated by applying the RSA signature algorithm with the MD5 message digest algorithm
(according to PKCS #1 Version 1.5) to the source data, is stored in the DATA field of this Digital Signature box.

A digital signature, generated by applying the RSA signature algorithm with the SHA-1 message digest algorithm
(according to PKCS #1 Version 1.5) to the source data, is stored in the DATA field of this Digital Signature box.

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.

Ptyp:

If key management is not an issue for a particular application (for example, if a checksum ‘is lpeing
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 Djgital
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 Recemmendation | International
Standard.

Source pointer type. This field indicates how the source data range that is signed by this D|gital
Signature box is specified. This field is encoded as a 1-byte unsigngd integer. Legal values of the|Ptyp
field are as given in Table M.51.

Table M.51 — Legal Ptyp values

alue

Meanihg

up to the byte immediately preceding the box headér.for this Digital Signature box. If the source data is specifig
using a Ptyp of 0, then this Digital Signature box shall not be in any superbox in the file; it shall be at the top I
of the file.

The source data that is signed by this Digital Signature;box shall be all bytes of the file, starting with the first byte,

d
vel

The source data that is signed by this DigitahSignature box shall be a range of bytes, starting with the byte at tH
location specified by the OFF field. The(length of this range is specified by the LEN field. If the source data is
specified using a Ptyp of 1, then OFF shall point to the start of a box header and the source range shall include
only complete boxes; the Digital-Signature box shall be at the same level in the box hierarchy as the box pointg
by the OFF field.

)

[ to

All other values reserved,

signed by,this-Digital Signature box. This offset is relative to the first byte of the file. This fi

OFF:  Source data effset. This field specifies the offset in bytes to the start of the source data range t%\at is

Id is

encoded-as-an 8-byte big endian unsigned integer. If the value of Ptyp is 1, then this field shall not

exist:

LEN:  Soeurce data length. If non-zero, this field specifies the length in bytes of the source data range t

signed by this Digital Signature box. A value of zero specifies that the end of the source data rarn
the last byte of the file. This field is encoded as an 8-byte big endian unsigned integer.

hat is
ge is

DATA: Signature data. This field contains the digital signature produced from the source data range| The
format of this data is as specified by the Styp field.
The _UI mﬂt Uf thc CUI ItCI ItD Uf thC D;yltﬂ: S;yl |o.tu|c bUI\ ;D H;VCII ;II Tub:c :\V‘I.SZ.
Table M.52 — Format of the contents of the Digital Signature box
Parameter Size (bits) Value
Styp 1 0
Ptyp 1 0-1
OFF 64 0-(2%4-1); if Ptyp=1
0 not applicable; if Ptyp =0
LEN 64 0-(264-1); if Ptyp =1
0 not applicable; if Ptyp =0
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‘ 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 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:

— If the reader finds the "xsi:schemalocation™ 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

. . . o e line
specifies which DTD is used by this XML document or instance data, as well as the root element.pame
and the location of the DTD.

—  If the XML schema or DTD document referred to by the XML document contained within thé XML box
contains a comment field of the form "<!I--HUMAN_SCHEMA DTD_LOCATION:LOC -->", then a
reader may retrieve a human readable document from the URL specified by LOCy This document [shall
contain a human readable description of the schema or DTD. This document Will support applicgtion
developers and users of the metadata.

M.11.19 MPEG-7 Binary box
This|box contains metadata in MPEG-7 binary format (BiM) as defined by ISO/IE€:15938.

The type of an MPEG-7 Binary box shall be 'mp7b' (0x6D70 3762). It may be found anywhere in the file after the R¢ader
Reqyirements Box. The contents of the MPEG-7 Binary box are as follows{see Figure M.40):

DATA

T.80A(24) 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 be overwritten when editing the file. Reqders
shall{ignore all Free boxes. A Free box.may be found anywhere in the file except before the Reader Requirements bjox.

The type of a Free box shall be 'freg' (0x6672 6565). As a free box contains meaningless data, the contents of a Freg box
are undefined.

M.11.21 Compositing Layer Extensions box

If a JPX file involves a targe number of compositing layers, whose headers are constructed according to a repepting
pattefn, it may bepossible to describe them compactly using one or more Compositing Layer Extensions bpxes.
Compositing Layer Extensions boxes also allow a single animation to be separated into multiple alternate presentption
thregds.

For example, a long sequence of multispectral images may be represented by codestreams, each of which usep the
Multicemponent Transformation extensions described in Annex J to provide four different three-channel rendition$ and
one panchromatic channel, each involving different linear combinations of the underlying multispectral component data.
These five separate renditions can be assigned colourspaces, for display and other rendering purposes, via distinct
compositing layers. The Compositing Layer Extensions box allows each of these five types compositing layers to be
assigned a separate presentation thread, with its own timing for compaosition purposes. Moreover, the Compositing Layer
Extensions box allows a long succession of such compositing layers, all formed in essentially the same way, from a
succession of codestreams, to be represented together in a compact form, along with any associated metadata.

Compositing Layer Extensions boxes may be found only at the top-level of the file (not within any superbox). If the file
contains any Compositing Layer Extensions box, then it shall also contain a Compositions box, at least one Codestream
Header box and at least one Compositing Layer Header box. Moreover, all such boxes shall precede any Compositing
Layer Extensions boxes within the file.
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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):

LL

jplh"] | jplh iset”"’
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T.801(21) F|.41
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 Headef-boxes, if any, |shall
appear before any other boxes.

Gjclx:  Number of compositing groups in the Compositing Layer Extensions hox. Gjclx shall be at legst 1.
Compositing groups shall appear consecutively, immediately following any Codestream Hg¢ader
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.

jplhg'j: Compositing Layer Header box j, within compositing:group g, where j runs from 1 to Lg.| The
Compositing Layer Header boxes within each compgasiting group g shall precede any Instructiop Set
boxes within compositing group g.

lg: 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./AH other Ig values shall be at least 1.

iset®:  Instruction Set box i, within compositinggroup g, where i runs from 1 to 1g. The Instruction Set bpxes,
if any, within compositing group g shall immediately follow the Compositing Layer Header boxgs for
compositing group g.

Ljclx:  Total number of Compositing_Layer Header boxes found within the Compositing Layer Extengions
box. This value shall equal‘the sum of the Lg values for g=1 to g=Gjclx.

Tjclx:  Number of presentation-threads defined by the Compositing Layer Extensions box. This value [shall
be equal to Gjclx\if all compositing groups contain Instruction Set boxes. Otherwise, thg last
compositing group contains no Instruction Set boxes and the value of Tjclx shall be equal to Gjqlx-1.
If there are n0 InStruction Set boxes at all, the value of Tjclx shall be 0.

Lref:  Numbep-0f-tompositing layers implicitly referenced by the Instruction Set boxes iset?! to isgt®'9,
where g.runs from 1 to Tjclx. The procedure for calculating this value is given below.

Fjclx:  Number of composited frames associated with each presentation thread defined by the Compogiting
KKayer Extensions box. This value is supplied by the Compositing Layer Extensions Info box ("j|xi"),
except possibly for the last Composition Layer Extensions box in the file; that box's Compodition
Layer Extensions Info box may hold the value O in place of an Fjclx value. Presentation thfeads
defined by the final Composition Layer Extensions box may have different numbers of framgs, as
determined by the thread's compositing instructions and compositing layers.

Mjclx: Repetition factor for the Compositing Layer Extensions box. The Compositing Layer Extensions box
defines a total of Mjclx - Cjclx codestream headers and Mjclx - Ljclx compositing layers. The value
of Mijclx is supplied by the Compositing Layer Extensions Info box ("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 the Mjclx value, but only if Cjclx is non-zero. In this case the value
of Mjclx shall be determined in the manner described below.

For the last Compositing Layer Extensions box in the file, if Cjclx is non-zero the value of Mjclx need not be provided
within the Compositing Layer Extensions Info box; in this case, the Compositing Layer Extensions Info box supplies a
value of 0 in place of the MjclIx value and Mjclx is defined implicitly through the number, Ctotal, of actual Contiguous
Codestream boxes and Fragment Table boxes that appear either at the top-level of the file or within Multiple Codestream
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boxes. Specifically, in the case of the final Compositing Layer Extensions box in the file, unless the file contains no
Codestream Header boxes at all, the value of Mjclx shall satisfy

Ctotal = Cprev + Mjclx - 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, TjcIx > 0, and each of the initial TjcIx compositing groups defines a separate
presdntation 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 creatqd by
following the instructions in the Composition box, as explained in clause M.5.3.2.1. However, the instructions foupd in
the Gomposition box do not relate to any of the compositing layers associated with Composition Layer Extensions bpxes,
nor do any persistent composited frames created by the instructions found within a presentation thread, persist into pther
presdntation 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 diffprent
number of presentation threads, some possibly having no presentation threads at all. Together with the Composition|box,
thesq offer T global presentation threads to renderers, where T is the maximum of<the”Tjclx values amongsgt all
Compositing Layer Extension boxes. For each t in the range 1 to T, global presentation.thread t consists of the seqyence
of cdmposited frames offered by the Composition box, followed by the composited frames defined by compositing droup
g = min{t, Tjclx} of each successive Compositing Layer Extensions box for whieh TjcIx is non-zero.

The et of codestream headers defined by a Compositing Layer Extensionsdiox shall be formed by replicating the gntire
set of Cjclx Codestream Header boxes Mjclx times and numbering the codestream header produced by the rth repliga of

Codgstream Header box jpch, starting from r=0, as

Cprev +r - Cjclx™ c.

The $et of compositing layers and associated headers defined by a Compositing Layer Extensions box shall be form¢d by
repligating the entire set of Ljclx Compositing Layer Header boxes within the box Mjclx times and numbering the

comyppositing layer associated with the rth replica of Compositing Layer header box jplhg'j as

Lprev +r - LjcIX + Yi<neg LN + ],

where Lprev is equal to the number of.top-level Compositing Layer Header boxes, added to the total number of additjonal
comlositing layers defined by all preceding Compositing Layer Extensions boxes.

For ¢ach g from 1 to Tjclx, the composited frames associated with presentation thread g are formed by applying the
com[ositing instructions féund within Instruction Set boxes iset®! to iset®!9 to the compositing layers formed from the
Mijclk replicas of Compositing Layer Header boxes jclh®? to jcIn®-9,

The [ast Compositing Layer Extensions box in a file is not required to provide a value for FjcIx. Apart from this cage, all
presgntation threads in the Compositing Layer Header box shall have the same number of frames, Fjclx.

The ICompesiting Layer Extensions box may also contain other metadata boxes, such as Label boxes, XML bpxes,
Assaciatien*boxes and Cross-Reference boxes. These additional boxes are not replicated, unless they are found within a
repligated Codestream Header box or Compositing Layer Header box.

If Compositing Layer Header boxes do not contain Codestream Registration boxes, the compositing layer that is numbered
with index n uses the codestream that is numbered with index n. If Codestream Registration boxes are used, they 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 box shall be remapped, according to the following procedure. An original codestream index
¢, found within a Codestream Registration box that is found within a Compositing Layer Header box shall satisfy either:

0 <c < Ctop, orelse

Cprev < ¢ < Cprev+Cjclx,
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where Ctop is equal to the number of top-level Codestream Header boxes in the file. Moreover, in the rth replica of the
Compositing Layer Header box, this original codestream index ¢ shall be mapped to Cmap(r,c), where:

Cmap(r,c) =c, if ¢ < Ctop, else

Cmap(r,c) = Cprev-Ctop + r - Cjclx + ¢, if ¢ > 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:

and

If a
Laye
with
all ¢

M.1
The

composited frames associated with a Compositing Layer Extensions:hox. This box shall only be found as the firs

insid
The
contg

Lmap(r,n) =n, if n < Ltop, else

Lmap(r,n) = Lprev-Ltop +r - LjcIx + n, if n > Ltop

 top is equal to the number of top-level Compositing Layer Header boxes in the file.

Number List box is found anywhere within a Compositing Layer Extensions box that‘is’not within a Compog
r Header box or a Codestream Header box, codestream indices ¢ and compositing\layer indices n that are f
n the Number List box shall be interpreted as references to all codestreams Cmap(0,c) through Cmap(Mjclx-1,c
mpositing layers Lmap(0,n) through Lmap(Mjclx-1,n), respectively.

.22 Compositing Layer Extensions Info box

Compositing Layer Extensions Info box provides global informationeoncerning repetition, compositing layer

£ a Compositing Layer Extensions box.

type of the Compositing Layer Extensions Info box shall\be 'jIxi' (0X6A6C7869) and it shall have the follo
nts (see Figure M.42):
NERSEENPRE

Mjclx Cjelx, Ljclx Tjelx Fjclx LIFE-
or 0 or START_
T.801(21)_FM.42

Figure M.42 — Organization of the Compositing Layer Extensions Info box

Mijclx or O: Repetition factor for the Compositing Layer Extensions box, represented by a 4-byte unsi
big.endian integer. This value may be 0 only in the last Compositing Layer Extensions b

using the value of Ctotal, as described in clause M.11.21.

Cijclx: Number of Codestream Header boxes in the Compositing Layer Extensions box repress
by a 4-byte unsigned big endian integer.
Ljekx: Total number of Compositing Layer Header boxes found within the Compositing L

Extensions box represented by a 4-byte unsigned big endian integer.

iting
bund
and

and
box

wing

gned
DX Of

the'file, and then only if Cjclx is non-zero; in this case the repetition factor Mjclx is determined

nted

ayer

Tjclx: Number of presentation threads defined by the Compositing Layer Extensions box represgnted

by a 4-byte unsigned big endian integer.

Fjclx or 0: Number of composited frames associated with each presentation thread defined by the

Compositing Layer Extensions box represented by a 4-byte unsigned big endian integer.

This

value may be 0 only if Tjclx is O or within the last Compositing Layer Extensions box in the
file. In the latter case, the number of frames in each presentation thread is determined by the
compositing instructions themselves, together with the number of available compositing layers.

LIFE-START: The start time for the first composited frame in each presentation thread defined by the
Compositing Layer Extensions box, measured in milliseconds, relative to the start of the first
composited frame defined by the Composition (comp) box. This field shall appear only if Tjclx

is non-zero and is represented by a 4-byte unsigned big endian integer.
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If Tjclx is 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 file contains a large number of codestreams, it may be useful to encapsulate them within one or more Multiple
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

prece
If the

J A L. 1 o J - 1
uc dily VIUTLIPIE LOUTSUEAlTT DUALS.

file's compositing layers involve Codestream Registration boxes, the codestreams referenced by such bexes wi

thin

all tqp-level Compositing Layer Header boxes shall appear at the top-level of the file (not within Multiplé Codestfeam

boxeg). If the file's compositing layers do not involve Codestream Registration boxes, there shall be at least,one top
codeptream for each top-level compositing layer (i.e., for each compositing layer not defined by a,Compositing L
Extepsions box). In any event, the file shall contain at least one top-level codestream that is not found within a Mu
Codgstream box.

NOTE — For most purposes, these restrictions mean that the codestreams represented by Multiple'Codestream boxes are likg
bp those that are associated with Codestream Header boxes found within Compositing Layer Extensions boxes. However, thig
npt always be the case, and there is no implied correspondence between Multiple Codestream boxes and Compositing
Eixtensions boxes.

The type of the Multiple Codestream box shall be 'j2cx' (0x6A32 6378) and itshall have the following contents
Figure M.43):

=0 Z

f

— =

rq

[w)]

e

hve the same length; and all represent the same number of codestreams, except possibly the last sub-box. In particular, this 1

D

b

j2ci jp2c/fibl/j2ex jp2c/fiblfj2ex  free/mdat free/mdat
T.801(21)_FM.43

Figure M.43 — Organization of the contents of a Multiple Codestream box
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j2ci: A Multiple Codestream-Info box, specifying the total number of codestreams contained within

this Multiple Codestream box.
jp2c/ftbl/j2cx: A Contiguous:Codestream box, a Fragment Table box or another Multiple Codestream

box.

The total number of codestreams found within these boxes shall agree with the value identified

via the_Multiple Codestream Info box.

mdat/mfree:  Zero,ormore Media Data or Free boxes; these shall appear after all Contiguous Codestream,

Fragment Table and Multiple Codestream boxes that appear within this Multiple Codest
hox.
OTE 1 - It is advisable for file writers to construct Multiple Codestream boxes from sub-boxes that all have the same tyy

at it is advjsable to embed Fragment Table boxes rather than Contiguous Codestream boxes within a Multiple Codestrean
his is espécially useful in cases where the Multiple Codestream box contains a large number of codestreams, since it all
ader ta-use the information found in the Multiple Codestream Info box to efficiently locate codestreams of interest. The }

bntents of the codestreams referenced by Fragment Table boxes might be written to Media Data boxes within the same fi
se‘they might be found in other files.

feam

e, all

neans

box.
WS a
ctual
e, or

NOTE 2 — In some cases, it may be advantageous for a writer to allocate space to accommodate a fixed number N of Fragment
Table boxes within a Multiple Codestream boxes, even if the actual number of codestreams is not definitely known. If the number
of codestreams turns out to be smaller than N, the Ncs value within the Multiple Codestream Info sub-box may be rewritten and
the unused Fragment Table boxes may be rewritten as Free boxes, without affecting other boxes that may have been written to the

fi
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le. If the 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
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mdat varies varies

M.11.24 Multiple Codestream Info box

The Multiple Codestream Info box shall only be found as the first box inside a Multiple Codestream box. The Multiple
Codestream Info box provides the total number of codestreams contained or referenced from within this 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):

T T
Ncs Ltbl

T.801(21)_FM.44

Figure M.44 — Organization of the contents of a Multiple Codestream Offsets hoX

Ncs: Total number of codestreams represented by the Multiple Codestream box,’within which thig 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 O or e]se it

represents the common size and common number of codestreams that are represented by all df 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 Coritiguous Codestream, Fragment Tafle 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 RQytes,
including the box header, and each represent a total of 2R codestreams, where R < 64, L < 2%} and
Ltbl =R - 2% + L.

Table M.54 — Format of the contentsof the Multiple Codestream Info box

Parameter Size (bits) Value
Ncs 32 1-(2%-1)
Ltbl 32 0-(2%2-1)

M.11.25 Grouping Box

The Grouping box provides a mechanjsm to group other boxes within a container without specifying specific associations
as in[the Association box. The Grouping box is a superbox.

The type of the Grouping box shall be ‘grp\040' (0x6772 7020) and it shall have the following contents (see Figure M.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 Grouping
box shall be interpreted as if they were found at the level of the grouping box. However, boxes that are required to be
sub-boxes of a particular super-box, according to the remainder of this specification, shall not be found within Grouping
boxes.
NOTE - Grouping boxes could be expected to appear in places where Association boxes might appear. The sub-boxes of a
Grouping box would typically be boxes that could be expected to appear within an Association box. Examples of such sub-boxes
include (but are not limited to) Label boxes, Number List boxes, Region of Interest Description boxes, XML boxes, Association
boxes, other Grouping boxes and Cross Reference boxes that provide references to such boxes. Because sub-boxes of a Grouping
box would have the same meaning if found at the same level as the Grouping box, the use of Grouping boxes does not have any
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semantic implications for the contained metadata. However, the use of Grouping boxes may facilitate the selective delivery of
metadata of interest by a JPIP server, using the tools and mechanisms defined in Rec. ITU-T T.808 | ISO/IEC 15444-9.

M.11.26 Decomposed XML box

The Decomposed XML box specifies front-matter from an XML document that is decomposed through a hierarchy 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 boxes.
The type of the Decomposed XML box shall be 'dxml' (0x786D 6C64) and it shall have the following contents (see Figure
M.48):
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 fie[d, in
bytes.

FM: A text string specifying the front-matter of the XML document. This string shall contaif the
"<?xml>" tag and preferably all other complete XML elements describing the type of data ip the
document, such as namespace and schema tags.

M.11.27 XML Header box
The KML Header box specifies an ID and the opening tag-for a single XML element. When placed as the first box ipside

an ag

sociation box, the XML Header box allows for a wel-formed XML document to be decomposed into a hierarg

hical

structure using boxes; The content of the XML element specified in the XML Header box are taken as boxes 2—N wjithin
the Association box. The XML Header box shall“be found only as the first box inside an Association box, and that
Assaciation box shall only contain the XML Header box, other Association boxes (with XML Header boxes as theif first
box)[and XML boxes.
The type of the XML Header box shall be 'hxml' (0x786D 6C68) and it shall have the following contents (see Fjgure
M.47):
LID
ID 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 specifying 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 ">") and all

attributes for this XML element

M.12  Dealing with unknown boxes

A conforming JPX 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.
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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

ha-—pea ad A A ad o a D Vi dia

to-Storen PROOGTaP v 0 & 0 E—to-Sto - teHo nto a

single file, as the MPEG-4, JPX and JP2 formats are flexible with respect to the location of many important-boxes or
. A file writer would only need to be concerned that the offsets within the boxes and atoms are all determinéd|such
hey point to the location of the data in the combined file.

A repder that supports only the JPX file format would treat the file as a photograph. A reader that{supports only the
MPHG-4 audio standard would treat the file as an audio file. A new reader that supports both standards’could then provide
advahced features by combining photographic capabilities with audio capabilities.

M.14  Decomposing an XML document into multiple boxes

Usinp the Decomposed XML box, the XML Header box, and the Association hex,.a single XML document cgn be
decomposed into multiple boxes; this may be necessary to break a large document inte-smaller chunks that can be retrjeved
sepafately through an interactive protocol.

While file writers are given some flexibility as to how a document is brgken up, there is one important restriction} If a
specific element is to be decomposed using an XML Header box and an Association box, then all ancestors of that element,
up td the root of the original XML document shall also be decomposed:

Withlin the structure rooted at the Association box containing the Decomposed XML box, the file shall containjonly
Decgmposed XML boxes, XML Header boxes, XML boxes, and*other Association boxes. Other boxes shall not be fpund
within the hierarchy.

NOTE — While it is conforming to include a decomposedh XML document in an isolated JPX file, this capability is intended to
provide a mechanism to decompose the contents of an, XML box into a sequence of box in situations where only portions ¢f the
XML box are to be returned or transmitted, for example’by a JPEG 2000 image server operating in the context of Rec. ITU-T T.808
| ISO/IEC 15444-9 (JPIP). In these cases, the server might transcode a standard XML box into a sequence of boxes upon lopding
the original file which would facilitate selective:delivery of the portions of the XML content of interest by a JPIP server, usirjg the
placeholder and stream equivalence tools and-mechanisms defined in Rec. ITU-T T.808 | ISO/IEC 15444-9.

Infoimative Example: Consider the fellowing well-formed XML document:

<?xml version="¥.0""encoding="iso-8859-1"7?>
<schema xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlnspe="http://www.example.com/graphic"
targetNamespace="http://www.example.com/graphic"
elémentFormDefault="qualified"
AttributeFormDefault="unqualified">
<shapg~id="box" z="2">
Krect x="20" y="19" w="40" h="28" />
</shape>
<smallshape id="spot" z="0">
<point x="40" y="22">
</smallshape>
<shape id="pinhole" z="1">
Circle x="40" y="2Z2" ="10"
</shape>

This XML document might be decomposed as indicated in Figure M.48.
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‘dxml’
ID: Camera graphic

FM:
<?xml version="1.0" encoding="iso-8859-1"7?>
<schema xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlns:po="http://www.example.com/graphic"
targetNamespace="http://www.example.com/graphic"
elementFormDefault="qualified"
attributeFormDefault="unqualified">

‘asoc’

'hxml";
ID: Lense
OELT:

<shape id="pinhole" z="1">

xml "
<smallshape id="spot" z="0">
<point x="40" y="22">
</smallshape>

‘asoc'

‘hxml’
ID: Camera body
OELT:

<shape id="box" z="2">

xml':
<circle x="40" y="22" r="10"\/>

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

Metddata is additional information that is associated with the primary data (the image). In the Context off this
Recdgmmendation | International Standard, it is additional data linked with the image data beyond the pixéls which define
the ifnage. Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be cansistently maintained
throyghout the image lifecycle. In today's environment of image editing applications, rapid transmission via the Intgrnet,
and high quality photographic printers, the lifecycle of a digital image may be very long as well as complex.

Image metadata is a building block for digital imaging that may be used within thesWide spectrum of the imaging
workflow. This annex defines a standard set of image metadata based on a generic concept that may be further diyided
into fonceptual metadata groups. Each of these groups describes a unique aspect of-the image. By partitioning metﬁdata
into [discrete groups, users may extend a particular block without affecting the ‘entire architecture thereby ensfiring
semgntic interoperability 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 Electronicdnterchange of Color and Appearance Data, 1995.
— IETF RFC 2426: vCard MIME Directory Profile,September 1998.

— IS0 12232:1998, Photography — Electronicsstill-picture cameras — Determination of 1SO speed.
— IS0 12233:2000, Photography — Electranic still-picture cameras — Resolution measurements.

— IS0 14524:1999, Photography — Eleétronic still-picture cameras — Methods for measuring opto-electfonic
conversion functions (OECFs).

— JEIDA: Digital Still CameraFile Format Standard (Exif). Version 2.1, June 1998.

—  WIPO. Berne Conventign for the Protection of Literary and Artistic Works. Paris Act of 24 July 1971,
amended 28 Septembér-1979.

—  WIPO. World Intéllgctual Property Organization Copyright Treaty, 1996.

N.3 Scope of metadata definitions

This[annex consists,of.five logical groups of metadata as well as common definitions of dataypes that are referred [o by
othef metadata definitions. While each group is logically partitioned, they may be linked to each other to form additjonal
semgntics.

N.3.1 Image Creation metadata

The Jmage Creation metadata defines the "how" metadata that specifies the source of which the image was created| For
example, the camera and lens information and capture condition are useful technical information for professional and
serious amateur photographers as well as advanced imaging applications.

N.3.2  Content Description metadata

The Content Description metadata defines the descriptive information of "who," "what," "when," and "where" aspect of
the image. Often this metadata takes the form of extensive words, phrases, or sentences to describe a particular event or
location that the image illustrates. Typically, this metadata consists of text that the user enters, either when the images are
taken or scanned or later in the process during manipulation or use of the images.
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N.3.3  History metadata

The History is used to provide partial information about how the image got to the present state. For example, history may
include certain processing steps that have been applied to an image. Another example of a history would be the image
creation events including digital capture, exposure of negative or reversal films, creation of prints, transmissive scans of
negatives or positive film, or reflective scans of prints. All of this metadata is important for some applications. To permit
flexibility in construction of the image history metadata, two alternate representations of the history are permitted. In the
first, the history metadata is embedded in the image metadata. In the second, the previous versions of the image,
represented as a URL/URI, are included in the history metadata as pointers to the location of the actual history. The
history metadata for a composite image (i.e., created from two or more previous images) may also be represented through
a hierarchical metadata structure. While this Specification does not define the "how" or "how much" part of the processing
aspect, it does enable logging of certain processing steps applied to an image as hints for future use.

N.3.4 Intellectual Property Rights metadata

The |ntellectual Property Rights (IPR) metadata defines metadata to either protect the rights of the owner of the,imape or
prov|de further information to request permission to use it. It is important for developers and users to-understangl the
impljcations of intellectual property and copyright information on digital images to properly protect the’rights of the
owngr of the image data.

N.3.5  Fundamental metadata types and elements

The Fundamental metadata types define common datatypes that may be used within each metadata groups. Those in¢lude
an aqdress type or a persona type which is a collection of other primitive datatypes. The\Ruridamental metadata elements
defirje elements that are commonly referenced within other metadata groups. These_include a definition for language
specification and a timestamp.

N.3.6 Image ldentifier metadata

Imagde Identifier metadata is used to uniquely identify the image.

N.4 Metadata syntax

As defined in ITU-T T.800 | ISO/IEC 15444-1 Annex |, the JR2 file format allows XML format metadata to be contgined
within the box structure. Metadata defined by this annex shall be well-formed XML as defined by XML 1.0. The XML
shall{conform to all the normative requirements of N.6,:h@t just those expressed in the DTD and the XML Schema) The
defalilt character encoding shall be UTF-8 unless otherwise specified in the XML document.

N.4.1  Metadata schema definition language

This|Recommendation | International Standard uses the XML Schema syntax as defined by XML Schema Part 1 and
XML Schema Part 2 to describe the elements of the metadata.

N.4.2 Namespace

XMW namespace is a collection of names, identified by a Universal Resource Identifier (URI), that allows XML
documents of different saurces to use elements with the same names, to be merged within a single document with no
confpision. ConsideringtdRX metadata, either incorporating other metadata for extensibility or being used in pther
applications, it is important to define a XML namespace for JPX elements and attributes. To specify the JPX XML
namgspace the following URI is defined.

xmlns:xsd="http://www.jpeg.org/Jjpx”

The follewing namespace are used for XML and XML Schema defined elements, attributes and values:
xmlns:xml="http://www.w3.0rg/XML/1998/namespace/”
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema”

N.4.3  Document type definition information

An XML Document type definition (DTD) for this Recommendation | International Standard is defined by the DTD
specified in clause N.8.

The Formal Public Identifier (FPI) for this DTD shall be:
PUBLIC ”-//SC29WG1/DTD JPXXML/XML//EN”

This FPI shall be used on the DOCTYPE declaration within a XML document referencing the DTD defined by this
Recommendation | International Standard.
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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
N.4

. The system identifier may be modified appropriately to reference the DTD expressed in clause N.8.

4 XML Schema information

An XML Schema for this Recommendation | International Standard is defined by the XML Schema specified in clause

N.9
The

following URL references the XML Schema for this Recommendation | International Standard:

"http://www.Jjpeg.org/metadata/15444-2.xsd”

Whefe an XML Schema location is used in metadata defined by this annex, the root element shall (Contai
xsi:sthemal.ocation attribute listing the jp namespace as specified in clause N.4.2 and the appropriate URL referen
the XML Schema file expressed in clause N.9.

N.5 Defined boxes

The

ollowing boxes are defined as part of JPX file format extended metadata. All boxes defined in this annex are opt

unlegs otherwise stated. If a JPX reader supports a given box, it shall understand all the elements within the box.

N.5

The
box

devi

1 Image Creation metadata box

mage Creation metadata box defines metadata that are related to the creation of a digital image. The scope o
s applicable to metadata elements that are relevant to the creation of thé digital image data, i.e., camera and sca

metadata that specifies the origin of the image.

The

fype of the Image Creation box shall be 'xmI\040' (0x786D 6C20) as defined in ITU-T T.800 | ISO/IEC 154

clauge 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

n an
ce of

onal

this
nner

e information and its capture condition as well as the software or firmware to create such image. It defines the "ow"

14-1,

Field name Size (bits) Value

ICre Variable This field contains an XML document as defined in clause N.4, with the root element
IMAGE_CREATION, containing metadata defined in clause N.6.1.

N.5.2

Content Description metadata box

This|bGxycomprises the content description of an image. The content description has two main purposes:

The

—  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.

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 root element
CONTENT_DESCRIPTION, containing metadata defined in clause N.6.2.

N.5.8  History box

This|box contains the history of metadata of an image. The History metadata is used to provide partial“information gbout
how [the picture got to the present state. This data is only approximate because:
— some of the data is collapsed, thus providing only a summary;
— some of the data may not have been properly entered because applicationswised were not able to update
the history metadata.

The History box contains a summary of basic image editing operations that have already been applied to the imag¢ and
previous version(s) of the image metadata. The History metadata is not designed to be used to reverse (undo) ifnage

editipg operations.

The type of the History box shall be 'xmI\040' (0x786D 6C20) as defined<n ITU-T T.800 | ISO/IEC 15444-1, clause |.7.1.
The gontents of this box shall be as follows (see Figure N.3):

Hist T.801(21)_FN.3
Figure N.3 — Organization of the contents of History box

Hist: History field. This field shall be well-formed XML as defined by XML 1.0.

Table N.3 — Format of the contents of the History box

Fie]d name 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  Intellestual Property Rights box

This|box contains Intellectual property rights (IPR) related information associated with the image such as moral rights,
copyrights.as well as exploitation information.

The type of The Inteitectual property Tights hox shaltbe jp2i (OX6AT0 3269) a5 defined M TTU-T T.800 [ TSONET 15444-
1, clause 1.6. The contents of this box shall be as follows (see Figure N.4):

IPR T.801(21)_FN.4

Figure N.4 — Organization of the contents of Intellectual Property Rights box

IPR: Intellectual Property Rights field. This field shall be well-formed XML as defined by XML 1.0.
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Table N.4 — Format of the contents of the Intellectual Property Rights box

Field name Size (bits) Value

IPR Variable This field contains an XML document as defined in clause N.4, with the root element IPR,
containing metadata defined in clause N.6.4.

N.5.

5  Image ldentifier 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,

clausetEFhecontents-ofthishex-shal-beasfolews{seeHgure N5y
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 definet/by XML 1.0.
Table N.5 — Format of the contents of the Image Identifier box
FieJd name | Size (bits) Value
mgld Variable This field contains an XML document as definedhin clause N.4, with the root element IMAGE _|ID,

containing metadata defined in clause N.6.5.
N.6 Metadata definitions
This|clause specifies the metadata element syntax and. semantics defined as part of JPX file format extended 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 elements it does not understand.
N.6.1  Image Creation metadata
This|element specifies information that are“relevant to the creation of the image file. This element may contain the|sub-

elements listed below. See also Figure'N.6.

<xsd:element namg="FMAGE CREATION">
<xsd:complexType>
<xsd:sequenge>
<xsd:eédément ref="jp:GENERAL CREATION INFO" minOccurs="0"/>
<xs@srelement ref="jp:CAMERA CAPTURE" minOccurs="0"/>
<&sdvelement 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

GENERAL_CREATION_INFO: 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.

CAMERA_CAPTURE: This element specifies a camera capture metadata of a scene. The syntax of

this element is specified in clause N.6.1.2.

SCANNER_CAPTURE: 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.
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SOFTWARE_CREATION: This element specifies software information that created the original digital
image. The syntax of this element is specified in clause N.6.1.10.
CAPTURED _ITEM: This element contains description of the item that was digitally captured.

The syntax of this element is specified in clause N.6.1.11.

N.6.1.1 General Creation Information metadata

This element specifies general information on how the image was created. Applications may choose to skip further parsing
based on the values stored here. For example, if the application is only interested in digital camera metadata, it can skip
additional parsing based on the Image source value. This element may contain the sub-elements listed below. See also
Figure N.7.

<xsd:element name="GENERAL CREATION INFO">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="CREATION TIME" type="xsd:dateTime" minOccurs="0"/>
<xsd:element name="IMAGE SOURCE" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="SCENE TYPE" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="IMAGE CREATOR" type="jp:tPerson" minOccurs="0"/>
<xsd:element name="OPERATOR ORG" type="jp:tOrganization" minOccurs='0"™/>
<xsd:element name="OPERATOR ID" type="jp:tLangString" minOccurs="Q&7>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.7 — Schema of the General Creation Information metadata

CREATION_TIME: This element specifies the date and time the image was created. | This
element should be storedwhen the creation process started. (E.g., it|may
be a 8 minute exposure.) This element should never be changed aftef it is
written in the image:creation device.

IMAGE_SOURCE: This element spegcifies 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.

Table N!6'— Image Source values

Value Meaning
Digjtal Camera Image create bya 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
Corpputer Graphics Image digitally created on computers
SCENE_KYPE: 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 hardcopy imgges).
It provides further differentiation for scenes that are digitally comppsed.
Table N.7 lists suggested values for this element.

Table N.7 — Scene type values

Value Meaning
Original Scene Direct capture of real-world scenes
Second Generation Scene Images captured from pre-existing hardcopy images such a photograph
Digital Scene Generation Graphic arts or images digitally composed
IMAGE_CREATOR: This element specifies the name of the image creator. The image creator

may be, for example, the photographer who captured the original picture
on film, the illustrator, or graphic artist who conducted the image-creation
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process, etc. See Person type (clause N.7.1.13) for the format of this

element.

Operator organization. This element specifies the name of the service
bureau, photofinisher, or organization where the image capture process

(photographed, scanned or created by software) is conducted.
Organization type (clause N.7.1.14) for the format of this element.

See

This element specifies a name or ID for the person conducting the capture

process.

This element specifies a camera capture of a scene. This element may contain camera and lens information, device

chargcterization and camera capture settings. See also Figure N.o.

<xsd:complexType>
<xsd:sequence>

maxOccurs="unbounded" />
</xsd:sequence>

</xsd:complexType>
</xsd:element>

CAMERA_INFO:

SOFTWARE_INFO:

LENS_INFO:

DEVICE_CHARACTER:

CAMERA_SETHNGS:

ACCESSORY:

<xsd:element name="CAMERA CAPTURE">

<xsd:element name="CAMERA INFO" type="jp:tProductDetails" minOccurs={0’/>
<xsd:element name="SOFTWARE INFO" type="jp:tProductDetails" minOccuxs="0"/>
<xsd:element name="LENS_ INFO" type="jp:tProductDetails" minOccurss%&0"/>
<xsd:element ref="jp:DEVICE CHARACTER" minOccurs="0"/>

<xsd:element ref="jp:CAMERA SETTINGS" minOccurs="0"/>

<xsd:element name="ACCESSORY" type="Jjp:tProductDetails" minQcgurs="0"

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

Figure N.8 — Schema of the Camera:Capture metadata

Camera information. This element specifies information of the camer
captured the image. See Product Details type (clause N.7.1.21) fo
format of this\elément.

Software~jidaformation. This element specifies information abou
software or firmware used to capture the image. See Product Details|
(clause N.7.1.21) for the format of this element.

Lens information. This element specifies information about the lens
captured the image. See Product Details type (clause N.7.1.21) fo
format of this element.

Device characterization. This element specifies the tech
characterization of the digital capture device. The syntax of this elem
specified in clause N.6.1.3.

Camera capture settings. This element specifies the camera settings
when the image was captured. The syntax of this element is specifi
clause N.6.1.7.

This element specifies the information of the accessories used wit
camera to capture the image. Professional and amateur photographerg
want to keep track of a variety of miscellaneous technical information,
as the use of extension tubes, bellows, close-up lenses, and
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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 Area"/>

</xsd:simpleType>
</xsd:element>

</xsd:sequence>

</xsd:complexType>
</xsd:element>

SENSOR_TECHNOLOGY:

<xsd:enumeration value="Trilinear"/>
<xsd:enumeration value="Color Sequential Linear Sensor"/>
</xsd:restriction>

<xsd:element name="FOCAL PLANE RES" type="jp:tDoubleSize" minOccurs={0/>
<xsd:element name="SPECTRAL SENSITIVITY" type="xsd:string" minOccuns="0"/>
<xsd:element name="ISO SATURATION" type="jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="ISO NOISE" type="jp:tNonNegativeDouble" minQ&Curs="0"/>
<xsd:element ref="jp:SPATIAL FREQ RESPONSE" minOccurs="0"/>

<xsd:element ref="jp:CFA PATTERN" minOccurs="0"/>

<xsd:element ref="Jjp:0ECF" minOccurs="0"/>

<xsd:element name="MIN F NUMBER" type="jp:tNonNegativeDouble" minOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

Figure N.9 — Schema of the Device Characterization metadata

Table N.8 =Sensor technology values

This element specifies either the type of image sensor or the semsing
method used inCthe camera or image-capturing device. Table N.8| lists
suggested values for this element.

Value

Meaning

One-Chip Colour Area

An one-chip colour area sensor technology used.

Two-Chip Colour Aréa

A two-chip colour area sensor technology used.

Three-Chip Colodr Area

A three-chip colour area sensor technology used.

Colour Sequential Area

A colour sequential area sensor technology used.

Trilinear,

An trilinear sensor technology used.

Colour-Sequential Linear Sensor A colour sequential linear sensor technology used.

FOCAL_PLANE_RES:

SPECTRAL_SENSITIVITY:

Focal plane resolution. This element specifies the number of pixelp per
meter in the X (width) and Y (height) directions for the main image| The
resolution stored is the resolution of the image generated rather thap the
width and height of the image sensor.

This element specifies the spectral sensitivity of each channel of the camera

ISO_SATURATION:

ISO_NOISE:

220 Rec. ITU-T T.801 (06/2021)

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. If the Spectral Sensitivity data
contains a "<" or "&" characters, then all of the occurrences of "<" shall be
substituted with "&It;" and "&" shall be substituted with "&amp;".

ISO saturation speed rating. This element specifies the ISO saturation
speed rating classification as defined in ISO 12232.

ISO noise speed rating. This element specifies the 1SO noise-based speed
rating classification as defined in 1SO 12232.
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SPATIAL_FREQ_RESPONSE: Spatial frequency response. This element specifies the Spatial Frequency
Response (SFR) of the image capturing device. The syntax of this element

is specified in clause N.6.1.4.

CFA_PATTERN: Colour filter array pattern. This element specifies the colour filter array
(CFA) pattern of the image sensor used to capture a single-sensor colour

image. The syntax of this element is specified in clause N.6.1.5.

OECF: Opto-electronic conversion function. 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 1SO 14524
to be stored as a table of values. The syntax of this element is specified in

clause N.6.1.6.

N.6.

This
desc

diagpnal SFR values. See also Figure N.10.

N
h

N.6.
This

of the camera or image capturing device.

OTE - 1SO 12232 :1998 and ISO 14524 :1999, which were in-force at the time of initial publication of this Recommendd
ternational Standard, have been superseded by more recent editions.

.4 Spatial Frequency Response metadata
ibed in ISO 12233, can be stored as a table of spatial frequencies, horizontal SFR values, vertical SFR values|

<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" t#pe="jp:tNonNegativeDouble"/>
<xsd:element name="HORIZ SFR" type=Mjp:tNonNegativeDouble"/>
<xsd:element name="VERT SFR" type="jp:tNonNegativeDouble"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.10 — Schema’of the Spatial Frequency Response metadata

OTE - ISO 12233:2000,'which was in-force at the time of initial publication of this Recommendation | International Star]
hs been superseded.by more recent editions.

|.5  Colour Filter Array Pattern metadata

colu

sens:I;: caloar image. It is not relevant for all sensing methods. The data contains the minimum number of row:

elementencodes the actual colour filter array (CFA) geometric pattern of the image sensor used to capture a si

fhsof filter colour values that uniquely specify the colour filter array. See also Figure N.11.

SPATIAL_FREQ_VAL: Spatial frequency value. This element specifies the list of SFR valueq.
SPATIAL_FREQ: Spatial frequency value in line widths per picture height units.
HORIZ_SFR: Horizontal SFR value.

VERT_SFR: Vertical SFR value.

MIN_F_NUMBER: Minimum F-number. This element specifies the minimum lensf-number

tion |

specifies the Spatial Frequency Response (SFR) of the image capturing device. Thedevice measured SFR (data,

and

dard,

ngle-
and
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<xsd:element name="CFA PATTERN">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="COLOR ROW" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<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"/>
deenumeration value="Yellow"
<xsd:enumeration value="White"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.11 — Schema of the Colour Filter Array Pattern metadata

COLOR_ROW: This element specifies the list of colour values of the CFA pattern.

COLOR: CFA pattern values. The values(shall be either Red, Green, Blue, Qyan,
Magenta, Yellow, or White.

N.6.1.6 Opto-electronic Conversion Function metadata

This|element specifies the Opto-Electronic Conversion Function“(OECF). The OECF is the relationship betweef the
optidal input and the image file code value outputs of an electrenic camera. The property allows OECF values defined in
1SO [14524 to be stored as a table of values. See also Figure N:12.

<xsd:element name="OECFEF">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="LOG «“VAL" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element hdme="LOG EXPOSURE" type="xsd:double"/>
<xsd:elemént *name="OUTPUT LEVEL" type="jp:tNonNegativeDouble"

maxOccurs="unbounded" />
</xsd:seduence>
</xsdycomplexType>
</xsdyelement>
</xsdgsegtence>
</xsdpelmplexType>
</xsdyedement>

Figure N.12 — Schema of the Opto-electronic 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="Jjp:tNonNegativeDouble"/>

<xsd:element name="R EXP TIME" type="jp:tRational"/>
</xsd:choice>
<xsd:element name="F NUMBER" type="jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="EXP PROGRAM" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="BRIGHTNESS" type="xsd:double" minOccurs="0"/>
<xsd:element name="EXPOSURE BIAS" type="xsd:double" minOccurs="0"/>

<xsd:element name="METERING MODE" type="jp:tLangString" minOccurss%0"/>
<xsd:element name="SCENE ILLUMINANT" type="jp:tLangString" minQoCurs="0"/>
<xsd:element name="COLOR TEMP" type="jp:tNonNegativeDouble" minOccurs="0"/>

<xsd:element name="FLASH" type="xsd:boolean" minOccurs="Q"/>

<xsd:element name="FLASH RETURN" type="xsd:boolean" minO¢curs="0"/>
<xsd:element name="BACK LIGHT" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Front Light"/>
<xsd:enumeration value="Back Light 1"/%
<xsd:enumeration value="Back Light 2%/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="SUBJECT POSITIONI\type="jp:tPosition" minOccurs="0"/>
<xsd:element name="EXPOSURE_ INDEX' “type="xsd:double" minOccurs="0"/>
<xsd:element name="AUTO FOCUS" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">

<xsd:element name="SUBJECT DISTANCE" type="jp:tNonNegativeDouble" minOccurs="0"

<xsd:element name="FOCAL LENGTH" type="jp:tNonNegativeDouble&" jminOccurs="0"/>

<xsd:element name="FLASH ENERGY" type="jp:tNonNegativeDeubie" minOccurs="0"/>

<xsd:enumeration valié="Auto Focus Used"/>
<xsd:enumeration valde="Auto Focus Interrupted"/>
<xsd:enumeration(value="Near Focused"/>
<xsd:enumerations value="Soft Focused"/>
<xsd:enumeratioen value="Manual"/>

</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:elemeht jname="SPECIAL EFFECT" minOccurs="0" maxOccurs="unbounded">
<xsd:gimpleType>
<wsdurestriction base="xsd:string">

<¥sd:enumeration value="Colored"/>
<xsd:enumeration value="Diffusion"/>
<xsd:enumeration value="Multi-Image"/>
<xsd:enumeration value="Polarizing"/>
<xsd:enumeration value="Split-Field"/>
<xsd:enumeration value="Star"/>

</xsd:restriction>
</xsd:simpleType>
</xsd:element>

<xsd:element name="CAMERA LOCATION" type="jp:tLocation" minOccurs="0"/>

<xsd:element name="ORIENTATION" type="jp:tDirection" minOccurs="0"/>
<xsd:element name="PAR" type="jp:tRational" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.13 — Schema of the Camera Capture Settings metadata
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EXP_TIME:

R_EXP_TIME:

F_NUMBER:

EXP_PROGRAM:

Exposure time. This element specifies the exposure time used when the
image was captured. The value of this element is stored in seconds.

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. This element specifies the lens f-number (ratio of lens aperture
to focal length) used when the image was captured.

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.

Table N.9 — Exposure program values

Value

Meaning

Manual

The exposure setting set manually by the photographer.

Program Normal

A general purpose auto-exposure program.

Aperture Priority

The user selected the aperture, and the camera selected the\shutter
speed for proper exposure.

Shutter Priority

The user selected the shutter speed, and the camera’selected the
aperture for proper exposure.

Program Creative

The exposure setting is biased toward greater depth of element.

Program Action

The exposure setting is biased toward fasterShutter speed.

Portrait Mode

The exposure setting is intended for,close-up photos with the
background out of focus.

Landscape Mode

The exposure setting is intended for landscapes with the back-
ground in good focus.

BRIGHTNESS:

EXPOSURE_BIAS:

SUBJECT_DISTANCE:

Brightness valueZiThis element specifies the Brightness Value |(Bv)
measured wherithe image was captured, using APEX units. The expgcted
maximum value is approximately 13.00 corresponding to a picture faken
of a snow“scene on a sunny day, and the expected minimum valpe is
approximately —3.00 corresponding to a night scene. If the value supplied
by the capture device represents a range of values rather than a single Vfalue,
the: minimum and maximum value may be specified.

Exposure bias value. This element specifies the actual exposure|bias
(the amount of over-or underexposure relative to a normal exposure, as
determined by the camera's exposure system) used when capturing the
image, using APEX units. The value is the number of exposure vglues
(stops). For example, —1.00 indicates 1 eV (1 stop) underexposure, of half
the normal exposure.

This element specifies the distance between the front nodal plane df the
lens and the subject on which the camera was focusing. The camerajmay
have focused on a subject within the scene that may not have beep the
primary subject. The subject distance may be specified by a single number
if the exact value is known. Alternatively, a range of values indicating the
minimum and maximum distance of the subject may be set. The vallie of
this element is in meters.

METERING_MODE:

224 Rec. ITU-T T.801 (06/2021)

This element specifies the metering mode (the camera's method of spatially
weighting the scene luminance values to determine the sensor exposure)
used when capturing the image. Table N.10 lists suggested values for this
element.
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Table N.10 — Metering mode values

Value

Meaning

Average

Average mode used.

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: This element specifies the light source (scene illuminant) that was present
when the image was captured. Table N.11 lists suggested values jfor this
element.

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 Illuminant A Standard illuminant A used.
Standard Illuminant B Standard illuminant B used.
Standard Illuminant C Standard illuminant-C.used.
D55 Hluminant D55 illuminantdsed:
D65 Hluminant D65 illuminantused.
D75 Illuminant D75 illumihant used.

COLOR_TEMP: Colour temperature. This element specifies the actual colour temperpture
value of-the scene illuminant stored in units of Kelvin.

FOCAL_LENGTH: This‘element specifies the lens focal length used to capture the image| The
focal length may be specified by using a single number, for a fixed focal
length lens or a zoom lens, if the zoom position is known. The value of this
element is stored in meters.

FLASH: This element specifies whether flash was used at image capture.

FLASH_ENERGY: This element specifies the amount of flash energy that was used.| The
measurement units are Beam Candle Power Seconds (BCPS).

FLASH_RETURN: This element specifies whether the camera judged that the flash wap not
effective at the time of exposure.

BACK_LIGHT: This element specifies the camera's evaluation of the lighting conditigns at
the time of exposure. Table N.12 lists BACK_LIGHT values usefl for
lighting situations.

Table N.12 — Back light values
Value Meaning

Front Light The subject is illuminated from the front side.

Back Light 1 The brightness value difference between the subject centre and the surrounding area is greater than one full
step (APEX). The frame is exposed for the subject centre.

Back Light 2 The brightness value difference between the subject centre and the surrounding area is greater than one full
step (APEX). The frame is exposed for the surrounding area.
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SUBJECT_POSITION:

EXPOSURE_INDEX:

This element specifies the approximate position of the subject in the scene.

See Position Type for the format of this element.

This element specifies the exposure index setting the camera selected.

AUTO_FOCUS: This element specifies the status of the focus of the capture device at the
time of capture. Table N.13 lists values used for auto focus status.
Table N.13 — Auto focus values
Value Meaning

Auto Focus Used

The camera successfully focused on the subject.

Auf—\ Eocuc lntarriintad
ProtosTeropteT

Tha tmana vaac cantiivad hofara tha o H
HET gt vvao-CapturctotTore it T

Nedr Focused The camera deliberately focused at a distance closer than the subject to allow for the super=
imposition of a focused foreground subject.

Soff Focused The camera deliberately did not focus exactly at the subject distance to create a softer-image
(commonly used for portraits).

Marpual The camera was focused manually.

SPECIAL_EFFECT: Special Effects. This element specifies the types of special effects Tters
used. It contains a list of filter elements, where_the order of the elements in
the array indicates the stacking order of the-filters. The first value ip the
array is the filter closest to the original scene. This element specifies the
special effect filter used. Legal values are Coloured, Diffusion, Multi-
Image, Polarizing, Split-Field, Star.

CAMERA_LOCATION: This element specifies the location of the camera when the picturg was
taken. See Location TypeAforthe format of this element.

ORIENTATION: This element specifies:the orientation of the camera when the picturg was
taken. See Direction<Fype for the format of this element.

PAR: Print aspect rati@:<This element specifies the print aspect ratio specifi¢d by
the user when,the picture was taken.

N.6.1.8 Scanner Capture metadata
This|element specifies scanner capture metadata that-may be used for various scanners such as flatbed and film scanners.
It opfionally contains scanner information, device-characterization and scanner capture settings. This element may coptain
the spib-elements listed below. See also Figure'N.14.
<xsd:element name="SCANNER CAPTURE">
<xsd:complexType>
<xsd:sequence>
<xsd:element)name="SCANNER INFO" type="jp:tProductDetails" minOccurs="0"/>
<xsd:elé¢ment name="SOFTWARE INFO" type="jp:tProductDetails" minOccurs="0"/>
<xsd:&lemént ref="jp:SCANNER SETTINGS" minOccurs="0"/>
</xsdgseglence>
<xsdsattribute ref="jp:TIMESTAMP"/>
<xsdvattribute ref="xml:lang"/>
</xSd:complexType>
</xsd:element>
Figure N.14 — Schema of the Scanner Capture metadata
SCANNFR _INFQO: Scanner information. This element specifies information about a particular

226

SOFTWARE_INFO:

SCANNER_SETTINGS:
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scanner that was used to digitize an image item. It is recommended that
applications are able to create a unique value of the scanner by combining
all elements. See Product Details type (clause N.7.1.21) for the format of

this element.

Software information. This element specifies information about the

software or firmware used to capture the image. See Product Details
(clause N.7.1.21) for the format of this element.

This element specifies the scanner settings used when the image
scanned. The syntax of this element is specified in clause N.6.1.9.

© ISO/IEC 2021 - All rights reserve
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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" type="jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="PHYSICAL SCAN RES" type="jp:tDoubleSize" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>
</xsd:element>

Figure N.15 — Schema of the Scanner Settings metadata

PIXEL_SIZE:
PHYSICAL_SCAN_RES:

This element specifies the pixel size, in meters, of the scanner

Physical scan resolution. These elements specify the physical scarning
resolution of the device (not the interpolated resolution of the final olitput

data) in the X (width) and Y (height) directionsi>The value of these
elements are in meters.

N.6.1.10 Software Creation metadata

This|element specifies software creation information (e.g., the application name) that Créated the original image. Seq also
Figure N.16.

<xsd:element name="SOFTWARE CREATION">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SOFTWARE INFO"
</xsd:sequence>
</xsd:complexType>
</xsd:element>

type="9p:tProductDetails"/>

Figure N.16 — Schema of the\Software Creation metadata

SOFTWARE_INFO: Software\ information. This element specifies information abouf the

software that created the original image. See Product Details type (clause
Nki7-1.21) for the format of this element.

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-¢lements listed below. See also_Figure N.17.

<xsd:element pame="CAPTURED_ ITEM">
<xsd:complExType>
<xsd:gegueénce>
<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 specifies information about a reflection print that was

digitally captured. The syntax of this element is specified in clause
N.6.1.12.

FILM: This element specifies information about the film. The syntax of this

element is specified in clause N.6.1.13.
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N.6.1.12 Reflection Print metadata

This element specifies information about a reflection print that was digitally captured. This element may contain the sub-
elements listed below. See also Figure N.18.

<xsd:element name="REFLECTION_ PRINT">
<xsd:complexType>
<xsd:sequence>
<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"/>

N.6.

This
See

</xXsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="RP_ TYPE" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="B/W Print"/>
<xsd:enumeration value="Color Print"/>
<xsd:enumeration value="B/W Document"/>
<xsd:enumeration value="Color Document"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.18 — Schema of the Reflection Print metadata
DOCUMENT_SIZE: This element specifies ‘the lengths of the X (width) and Y (hg

dimension of the origihal photograph or document, respectively.
values of these elements are given in meters.

MEDIUM: This element specifies the medium of the original photograph, docu
or artifact. Legal values include Continuous Tone Image, Halftone |
and Line Att.

RP_TYPE: Reflection print type. This element specifies the type of the ori

document or photographic print. Legal values include B/W Print, C
Rrint, B/W Document, and Colour Document.

.13 Film metadata

element specifies information onithe film that was digitized. This element may contain the sub-elements listed bg
Iso Figure N.19.

<xsd:element~name="FILM">
<xsd:complexType>
<xsd:'s€guence>
<ksd: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"/>
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<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 ID" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="FRAME ID" type="xsd:positiveInteger" minOccurs="0"/>
<xsd:element name="FILM SPEED" type="xsd:positiveInteger" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>
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Figure N.19 — Schema of the Film metadata

BRAND: 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.

— RO D This efementspecifies the Tottmumber or tDof thefitm—ForsomeTfilm,

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.

FILM_SPEED: This element specifies the film speed of the film. This element is meagured
in the arithmetic scale specified in ISO 12232.

Content Description metadata

Content Description metadata describes the content of the information captured inthe image. Those are semantic

mation typically requiring user input. The value of such information increases(as time passes. This element
in the sub-elements listed below. See also Figure N.20.

may

<xsd:element name="CONTENT_ DESCRIPTION">
<xsd:complexType>

<xsd:sequence>
<xsd:element name="GROUP CAPTION" type="jpifLangString" minOccurs="0"/>
<xsd:element name="CAPTION" type="jp:tLahgdString" minOccurs="0"/>
<xsd:element name="CAPTURE TIME" type=%jprtDateTime" minOccurs="0"/>
<xsd:element name="LOCATION" type="jpstlLocation" minOccurs="0"/>
<xsd:element ref="jp:PERSON" minOceuxs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:THING" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:0RGANIZATION® minOccurs="0" maxOccurs="unbounded" />
<xsd:element ref="jp:EVENT" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:AUDIO" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded" />
<xsd:element ref="jp:DIGTIONARY" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute ref="7jRs/TIMESTAMP"/>

<xsd:attribute ref="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. It mgy be
additionally used to provide any other type of information related tp the
image.

CARTION: This element specifies the subject or purpose of the image. It mgy be
additionally used to provide any other type of information related tp the
image.

Fhis-element-speetftes-the-time-and-date-the-tmage-wastritialy-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 .ihformption
beyond the scope of other properties in this group. See €amment elejnent
(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 element.|This

element may contain the sub-elements listed below. See also Figure N.21.

<xsd:element name="PERSON">
<xsd:complexType>
<xsd:complexContent>

<xsd:sequence>

</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

POSITION:

LOCATION:

PROPERTY:

N.6.2.2 Thing Deseription metadata

<xsd:extension base="jp:tPerson">

<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>

<xsd:element name="LOCATION" type="jpitLocation" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minQécurs="0" maxOccurs="unbounded" />

Figure N.21 — Schema’of the Person Description metadata

This element specifies the position of the person within the image| See
Position type (clause N.7.1.17) for the format of this element.

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.

This element specifies additional information describing the person| See
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, Washirngton

Monument) or of abstract regions. This element may contain the sub-elements listed below. See also Figure N.22.

<xsd:element name="THING">
<xsd:complexTvpe>

<xsd:sequence>

<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>
<xsd:element name="LOCATION" type="Jjp:tLocation" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="Jjp:THING" minOccurs="0" maxOccurs="unbounded"/>

</xsd:sequence>

<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml
</xsd:complexType>
</xsd:element>
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Figure N.22 — Schema of the Thing Description metadata

NAME: This element specifies the name of the Thing.

COMMENT: This element specifies user- and/or application-defined information
beyond the scope of other properties in the Thing. See Comment element
(clause N.7.3.1) for more information on this element.

POSITION: This element specifies the position of the thing within the image. See
Position type (clause N.7.1.17) for the format of this element.

LOCATION: This element specifies the physical location of the thing. This element does

not specify the relative position of the thing within the image. See Location

type (clause N.7.1.15) for the format of this element.

N.6.
This
imag
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PROPERTY: The Thing also contains multiple Propertys. These Propertys describ
thing. See Property metadata (clause N.6.2.8) for the format.off
element.

THING: Sub-thing description. The Thing element may contain zero'or more T
elements, with the interpretation that these are sub-things of the conta|
thing.

ID: This element is the identifier attribute for the Fhing.

.3 Organization Description metadata

element specifies an organization depicted within an image. This description ¢analso be used to describe the ¢
e. See Organization type (clause N.7.1.14) for the format of this element. This element may contain the sub-elen
below. See also Figure N.23.

<xsd:element name="ORGANIZATION">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tOrganization"X
<xsd:sequence>
<xsd:element name="POSITION" typé="jp:tPosition" minOccurs="0"/>
<xsd:element name="LOCATION" type="jp:tLocation" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

Figure N.23—'Schema of the Organization Description metadata
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POSITION: This element specifies the position of the organization within the image.
See Position type (clause N.7.1.17) for the format of this element.
LOCATION: This element specifies the physical location of the organization. |This
element does not specify the relative position of the organization] See
Location type (clause N.7.1.15) for the format of this element.
PROPERTY: This element specifies additional information describing the organizgtion.
See Property metadata (clause N.6.2.8) for the format of this element
N.6.2.4 «Event Description metadata
Thislelemen ifi ription of the even i in the image. An Event is the most likely reason why an iinage
is captured. This element may contain the sub-elements listed below unless otherwise stated. See also Figure N.24.
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<xsd:element name="
<xsd:complexType>
<xsd:sequence>
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<!-- Sub-even

EVENT">

name="EVENT TYPE" type="jp:tLangString"/>

name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>
name="LOCATION" type="Jp:tLocation" minOccurs="0"/>
name="EVENT TIME" type="jp:tDateTime" minOccurs="0"/>
name="DURATION" type="xsd:duration" minOccurs="0"/>
ref="jp:COMMENT" minOccurs="0"/>

ref="jp:PARTICIPANT" minOccurs="0" maxOccurs="unbounded"/>
ref="jp:EVENT RELATION" minOccurs="0" maxOccurs="unbounded"/>
ts —-—>

<xsd:choice minOccurs="0" maxOccurs="unbounded">

<xsd:elemen
d-elemen

t ref="jp:EVENT"/>
f name="EVENT REF" fype="xsd:string"

</xsd:choice>

</xsd:sequence>

<xsd:attribute
<xsd:attribute
<xsd:attribute
</xsd:complexType
</xsd:element>

Figure N.24 — Schema of the Event Description metadata

EVENT_TYPE:

DESCRIPTION:

LOCATION:

EVENT_TIME:

DURATION:
COMMENT:

PARTICIPANT:

EVENT_RELATION:

name="ID" type="xsd:string"/>
ref="jp:TIMESTAMP" />
ref="xml:lang"/>

>

Event type. If there is an Event or Sub-event element, the Event
element shall exist. The Event type element may occur only once in a
level of an Event tree or Sub-event branch.

This element specifies a descriptign of the event. This element is us
describe an event in text human readable format.

This element identifies #hevphysical location of the Event and no
position within the image: See Location type (clause N.7.1.15) for
information on this element.

Event date and tinye. This element specifies the start time of the event.

DateTime type (clause N.7.1.8) for the format of this element.
This elemént specifies the duration of the Event.

This ~element specifies user- and/or application-defined inform
beyond the scope of other properties in the Event. See Comment ele
(clause N.7.3.1) for more information on this element.

This element specifies the participants of the event. A participant may
Person, an Organization or a Thing. The syntax of this element is speq
in clause N.6.2.5.

Event relationships. This element specifies relationships to other ey
The syntax of this element is specified in clause N.6.2.6.

Sub-events. The Event element may contain one or more Sub-
elements of the encompassing event. A Sub-event element may co|

type
node

pd to

t the
more

See

ation

ment

be a
ified

ents.

bvent
htain

Sub-events. The sub-event element may be either contained withifp the

event element, or referenced:

D One

EVENT: Sub-event description.

EVENT_REF: Event reference. A reference to the sub-event. This element is a link t
of the other Event elements.

ID: This element specifies the unique identifier for the Event.
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N.6.2.5 Participant metadata

1 (E)

This element specifies the participants in the event. A participant may be a Person, an Organization or a Thing. See also
Figure N.25.

<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="xml:lang"/>
</xsd:complexType>
</xsd:element>
Figure N.25 — Schema of the Participant metadata

ROLE: This element specifies the role of the participant within the event.

OBJECT_REF: Object reference. This element is a referencé te-a participant. This elenent
is a link to one of the Person, Organization'or Thing elements withip the
Content Description metadata.

PERSON: This element specifies a Person who is a participant of an event ygt not
depicted within the image. See ‘Person description metadata (see clause
N.6.2.1) for the format of this €lement.

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 spécifies the Organization that is a participant of an event yet
not depictedwithin the image. See Organization description metadatg (see
clause N:6:2.3) for the format of this element.

N.6.2.6 Event Relationship metadata
This|element specifies relationships to other.events. These are used for relationships between events that are not dirgctly
sub-¢vents of each other. An example of a relationship might be a link to a previous event of the same type. Seq also
Figufe N.26.
<xsd:element name={"EVENT RELATION">
<xsd:complexType>
<xsd:sequence>
<xsd:edement name="RELATION" type="jp:tLangString" minOccurs="0"
maxOccurs="wrbounded" />
<xsd:element name="EVENT REF" type="xsd:string" maxOccurs="unbounded"/>
<Yxsd:sequence>
</wad:complexType>
<JIxgd:element>
Figure N.26 — Schema of the Event Relationship metadata

RECATION: ThiS element Specifies a description of the refatonsnip(s) to the other
event(s).

EVENT_REF: Event reference. This element is a reference to related events. This element

is a link to one of the other Event elements within the Event description

metadata.

N.6.2.7 Audio metadata

This element specifies audio metadata associated with an image. Image metadata can contain zero or more audio streams.
Each audio stream can contain a comment element describing the audio. A single comment should also be able to describe
more than one audio stream. See Figure N.27.
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<xsd:element name="AUDIO">

<xsd:complexType>
<xsd:sequence>

<xsd:element name="AUDIO STREAM" type="xsd:anyURI"/>

<xsd:element name="AUDIO FORMAT" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="MIME TYPE" type="xsd:string" minOccurs="0"/>
<xsd:element name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>
</xsd:element>

AUDIO_STREAM:
AUDIO_FORMAT:

MIME_TYPE:
DESCRIPTION:
COMMENT:

N.6.2.8 Property metadata

This|element specifies a description of an image or an object within an irMage. This element shall contain a name and

Figure N.Z/7 — Schema or the AUudlio metaddta

This element specifies an URI reference to an audio stream. The\forn
the stream is not defined.

Audio Stream Format. This element specifies the name af the audio st
format. For example, AIFF, MIDI, MP3 and WAV.

This element specifies the Internet media type ofithe’audio file.
This element specifies a description of the audio stream.

This element specifies user- and/or_application-defined inform
beyond the scope of other properties in.the Audio. See Comment ele
(clause N.7.3.1) for more information-en this element.

at of

feam

ation
Iment

may

optignally contain a value and sub-property elements. A Property is either a single word or a small phrase and an optional

valug. The property is a non-exact language-specific definition o6f\the image or part of the image. This element
contgin the sub-elements listed below. See Figure N.28.

<xsd:complexType>
<xsd:sequence>

</xsd:sequence>

</xsd:complexType>
</xsd:element>

<xsd:element name="PROPERTY">

<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="VALUE""type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:element ref="jp<¢RROPERTY" minOccurs="0" maxOccurs="unbounded" />

<xsd:attribute name="DICT REF" type="xsd:string"/>

<xsd:attribute refs"jp:TIMESTAMP"/>
<xsd:attributegsref="xml:lang"/>

Figure N.28 — Schema of the Property metadata

may

NAME: This element specifies the name of the Property.

VALUE! This element specifies the property value. A Property that contains a yalue
cannot contain sub-property elements.

COMMENT: This element specifies user- and/or application-defined informption
beyond the scope of other properties in the Property. See Comment elejnent
(ctause N-7-3-1) formore mformatiom o this eterment:

PROPERTY: Sub-property. This element specifies sub-Properties of the encompassing
Property. A property that contains sub-properties cannot contain a value.

DICT_REF: Dictionary reference. This element specifies a reference to a Dictionary

N.6.2.9 Dictionary Definition metadata

(see clause N.6.2.9).

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.
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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.

N.6.
The

<xsd:element name="DICTIONARY">

<xsd:complexType>
<xsd:sequence>

<xsd:element name="DICT NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute name="DICT ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

</xsd:complexType>
</xsd:element>

B

Figure N.29 — Schema of the Dictionary Definition metadata

DICT_NAME:
COMMENT:

DICT_ID:

History metadata

Dictionary name. This element specifies the name of the digtionary.

This element specifies user- and/or application-defined informption
beyond the scope of other properties in the Dictionary. See Comjment
element (clause N.7.3.1) for more information on.this element.

Dictionary ID. This element specifies the_unique identifier fof the
dictionary.

History element contains a summary of basic image editing operations thatshave already been applied to the ifnage

and previous version(s) of the image metadata. The History metadata is not‘designed to be used to reverse (undo) ifnage

editi

N.6.

hg operations. This element may contain the sub-elements listed below, See Figure N.30.

<xsd:element name="HISTORY">

<xsd:complexType>
<xsd:sequence>

<xsd:element ref="jp:PROCESSING SUMMARY" minOccurs="0"/>
<xsd:element ref="jp:IMAGE PROCESSING HINTS" minOccurs="0"/>
<xsd:element ref="jp:METADATA" />

<xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"w/>

</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 inage
during the course of its workflow. The syntax of this element is spedified
in clause N.6.3.1.

IMAGE_PROCESSING_HINTS: This element specifies a list of the operations previously performed yhen

editing an image. The syntax of this element is specified in clause N.§.3.2.

METADATA: Previous metadata. This element specifies a previous version of the
metadata that may include metadata about portions of an image thaf was
deleted (e.g., cropped). The syntax of this element is specified in cJause
N.6.3.3.

\.1 PIU\,CDD;IIU Sullllllaly IIICtCldata

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.
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<xsd:element name="PROCESSING SUMMARY">

<xsd:complexType>
<xsd:sequence>

<xsd:element name="IMG_CREATED" minOccurs="0">

<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/>

d: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 EDITED" minOccurs="0">
<xsd:complexType/>

</xsd:element>

<xsd:element name="IMG RETOUCHED" minOccurs="0">
<xsd:complexType/>

</xsd:element>

<xsd:element name="IMG_ COMPOSITED" minOccurs="0">
<xsd:complexType/>

</xsd:element>

<xsd:element name="IMG_METADATA" minOccurs="0">
<xsd:complexType/>

</xsd:element>

</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>

</xsd:element>

Figure N.31 — Schema of the Precessing Summary metadata

IMG_CREATED:

IMG_CROPPED:
IMG_TRANSFORMED:

IMGNGTC_ADJ:

Digital imdge created. The presence of this element indicates that the inage
was created by a metadata-aware application or process. Where a number
of operations are performed in the creation of an image (such as remqving
lborders), then these operations should be summarized using Digital linage
Created operation and not listed independently. This element is espegially
useful to show truncation of image metadata. Where this element ip not
present, the full history of the metadata is known to be incomplete.
Presence of this element does not show that the metadata histofy is
complete though.

Image cropped. The presence of this element indicates that an image
editing application, program, or system has cropped the image.

Image Transformed. The presence of this element indicates that an image
has been transformed.

Global Tone/Colour Adjustment. The presence of this element indifates
that a contrast or density adjustment has been applied to the image, of that
the image colouring has been adjusted.

IMG_SPATIAL_ADJ:
IMG_EXT_EDITED:

IMG_RETOUCHED:

Rec. ITU-T T.801 (06/2021)
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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 minor image
blemishes.
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IMG_COMPOSITED: Image Composited. The presence of this element indicates the image has
been created by compositing an image with another image, or a
background, graphic, or text.

IMG_METADATA: Metadata Adjusted. The presence of this element indicates the image

metadata has been modified.

N.6.3.2 Image Processing Hints metadata

This element specifies a list of the operations performed when editing an image. They differ from the Processing Summary
in that the hints list all the operations in order and the operations may be listed more than once (if the operation was used
more than once). The Processing Summary metadata lists all the operations performed during the life of an image while
the Image Processing Hints metadata stores the most current set of operations in greater detail. The complete list of

oper

tions{and-their order) can-be generated by combining—all-lmage Processing Hints metadatawithin-a Met

data

Hist

The

Sum
field
belo
"Ima
How

N.6.
This
elem

Each
the

ry tree.

mage Processing Hints element contains the same elements as the Processing Summary metadata. See'Rroce
mary (clause N.6.3.1) for the definition of each element. Each sub-element may appear more than ance ‘within
and each element may contain a textual description of the operation. The Image Processing Hints\rietadata de
v should be considered potentially partial information. That is because the presence of a particular hint, su
ge Cropped," indicates that the image has been cropped and other metadata may have been omitted at the same
ever, absence of an "Image Cropped™ hint is no assurance that the image has never been.cropped. See Figure N

<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="jp:tLangString"/>
<xsd:element name="IMG TRANSFORMED" type=jp;tLangString"/>
<xsd:element name="IMG GTC ADJ" type="jp:LangString"/>
<xsd:element name="IMG STC ADJ" type="jpwtLangString"/>
<xsd:element name="IMG SPATIAL ADJ" &ype="jp:tLangString"/>
<xsd:element name="IMG EXT EDITED" (bype="Jjp:tLangString"/>
<xsd:element name="IMG RETOUCHED™ bype="jp:tLangString"/>
<xsd:element name="IMG COMPOSITED" type="Jjp:tLangString"/>
<xsd:element name="IMG METADATA"™ type="jp: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),
performed the operations listed in Processing Summary (clause N.6
See Product Details type (clause N.7.1.21) for the format of this elem

8.3 Previous metadata

element contains a previous version of the metadata (including previous History metadata). The format of
ent is defiped along with the History metadata (Figure N.30).

time alnew image is created as a result of editing an image or combining several images, some of the metadata

Esing
each
ined
h as
lime.
.32.

that
3.1).
ent.

this

from

Crea

révious image(s) may be moved to or referenced by the image history metadata. The contributing image(s) I11|nage

—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="jp:IPR" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

N.6.3.4

Figure N:-33=Schemaof the Previous metadata

BASIC_IMAGE_PARAM: This element specifies references to previous versions of the image] The
syntax of this element is specified in clause N.6.3.4.
IMAGE_CREATION: This element specifies the image creation information. The syntax of this

element is specified in clause N.6.1.

CONTENT_DESCRIPTION: This element specifies the content description infgrmation. The syntax of
this element is specified in clause N.6.2.

HISTORY: This element specifies previous history smetadata. The syntax of] this
element is specified in clause N.6.3.

IPR: This element specifies image intelleetual property. The syntax of this
element is specified in clause N.64.

Image Referencing metadata

This|element specifies information for referencing previous versions of the image. This element may contain the|sub-

elements listed below. See Figure N.34.

<xsd:element name="BASIC_IMAGE_PARAM">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="BASIC IMAGEZNFO" minOccurs="0"/>
<xsd:complexType>
</xsd:sequence>
<xsd:element name="EIZE_FORMAT " minOccurs="0"/>
<xsd:complexType>
</xsd:sequenee>
<xsd:element name="FILE NAME" type="xsd:anyURI" minOccurs="0"/>
<xsd:element name="FORMAT TYPE" type="xsd:string" minOccurs="0"/>
<xsdielement name="NIME TYPE" type="xsd:string" minOccurs="0"/>
#zxod:element name="VERSION" type="xsd:string" minOccurs="0"/>
</ %sd:sequence>
<xsdtcomplexType>
<[x3d:element>
<®sd:element ref="jp:IMAGE ID" minOccurs="0"/
¥ /xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
<xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
<xsd:complexType>

<l 1

238

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.
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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
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

ma nnbhowithin anv narticular tnricdiction
Y Ry WHRHA-aRY-PaFHGHHaHHHSEHEHOR-

OTE - Implementors should take into account the Berne Convention for the Protection of Literary and Artistic Works,"World
tellectual Property Organization Copyright Treaty and other WIPO publications, if appropriate.

=5 =2

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" minOccurs="0"/>
<xsd:element ref="jp:IPR CONTACT POINT" minOccurs="0!"/>
<xsd:element name="IPR HISTORY" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="Jp:IPR" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.35 — Schema pof'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.

IPR_DESCRIPTION: This element specifies the description of the content such as the titl¢ and
caption. The syntax of this element is specified 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 protegtion,
use restriction and obligations to exploit an image. The syntax of this
element is specified in clause N.6.4.4.

IPRADENTIFICATION: This element specifies an identifier of an image that is a link to a place
where additional information is kept. The syntax of this elemept is
specified in clause N.6.4.6.

PR CONTACT POINT: This efementspecifies the contact point of the Tight otder- The Symtax of
this element is specified in clause N.6.4.9.
IPR_HISTORY: This element contains previous IPR metadata. The content is specified in

clause N.6.4.10.

N.6.4.1 PR 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.
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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.

<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="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

<xsd:element name="IPR PERSON">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tPerson">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

<xsd:element name="IPR ORG">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tOrganization">
<xsd:attribute name="DESCRIPTION" type="xsd:&tring"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

<xsd:element name="IPR NAME REF">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:strigg">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
</xsd:element>

Figure'N.36 — Schema of the IPR Names metadata

IPR_PERSON: Person. This element specifies the person description. See Person
(clause N.7.1.13) for the format of this element.

IPR_ORG: Organization. This element specifies the organization description.
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 perso
organization within the IPR metadata.

BRESCRIPTION: This element is the description of the name. Table N.14 lists sugg

values for this element which have the following meaning.

type

See

n or

psted
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Table N.14 — Name description values

1 (E)

Value Meaning

Original Work Author This value specifies that the element is the name of the author who created the original work that is
represented in the image (e.g., painter sculptor, architect, etc.), when the image is not a creation itself.

By contrast, a photograph of a sunset will be considered as a creation of the photographer. An origi
work author may be "anonymous."

nal

Image Creator This value specifies that the element is the name of the image creator.
The image creator may be, for example, the photographer who captured the original picture on film,

the illustrator or graphic artist who conducted the image-creation process, etc.

Right Holder

This value specifies that the element is the name of the intellectual property right holder of the image.
The right holder may be the author of the image, a stock photo agency, or vendor. He is the one to sell
the license to anyone willing to exploit the image, such as a publisher who will also sell the result or an

end user in a pay-per-view process. The right holder has acquired the rights from the creator or
previous right holder in a transaction which usually has been registered officially.

Ref

resented Individuals | This value specifies that the element is the name of an individual shown in the image.

depicted grant consent to publish their image. In such an example, this descriptive element may res
in restriction of use for the image, as well as describing the image contents.

This may be used as a description of the image or because privacy rights may require that individugls

It

N.6.4

This
contg
unde
form

.2 IPR Description metadata

element specifies the description of the content. It may be desirable to have a complementary explanation abou
nt of the image in order to exploit the content. For instance, a technical description,of the content may help usg
rstanding and, therefore, valuing the content of an image (e.g., circumstances ufider which the image was taken)
at is vendor specific. This element may contain the sub-elements listed below. See Figure N.37.

<xsd:element name="IPR DESCRIPTION">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR TITLE" type="jp:tbangString" minOccurs="0"/>
<xsd:element name="IPR LEGEND" type="jfitkangString" minOccurs="0"/>
<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" A3
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.37 ~:Sehema of the IPR Description metadata

IPR_TITLE: Title of image. This element specifies the title of the image. It is a 3
that may be used, for instance, as a caption when printing. When the a
creates the title, he may add meaning to the image. However, titles ar
necessarily significant of IPR. This is determined on a case-by-case b

IPR_LEGEND; Legend. This element specifies the legend, a caption added to the piq
e.g., at the back of a photograph, written by the photographer to
classify the photos. It is generally a more detailed or technical descri
of what appears in the image. This element may answer the ques
"why?" An example is saying, "image taken at dawn to test a 135
zoom on stand."

IPR_CAPTION: Caption. This element specifies the caption of the image. This ele

t the
rsin
The

tring
ithor
e not
asis.

ture,
later
btion
tion,
mm.

ment

addresses the text which has been added as complementary informati

DN 1o

assist in understanding the image's content (e.g., second draft by Durer for
a study on a Biblical scene). The caption often has a tutorial motivation.

COPYRIGHT: Copyright. This element specifies the copyright notice of the image.
Usually this element defines the right holder who wants to be identified,
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.
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N.6.4.3 IPR Dates metadata

This element specifies the IPR-related date information. There are a variety of valid DateTime formats. For example, a
date may be 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 may be "first
half of the fifteenth century,” "late middle-age," "early Roman," etc.

Professional applications may prefer an exact date, whereas specifying a year + 5 years may satisfy users of early century
photographs.

This element may contain the sub-elements listed below. See Figure N.38.

<xsd:element name="IPR DATES">
<xsd:complexType>
X5d:sequence
<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>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.38 — Schema of the IPR Dates metadata

IPR_DATE: 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 informgtion
on the element.

DESCRIPTION: This element is therdescription of the date. The precision of IPR Dateg may
vary in accuraey.depending on the age of the operation or item and pther
information.known at the time of the metadata generation. Table N.13 lists
suggested.values for this element which have the following meaning.

Table N.15 — Date description values

Value Meaning

Original Work Creation | This value spegifies that the element is the date that the original work was created. All types of datd
may appeariere, as stated above.

[72]

Picfure Taken This value specifies that the element is the date that the picture was taken. Some digital cameras indert
this'information automatically.

Scaned THis value specifies that the element is the date that the image was scanned.

Progessed This value specifies that the element is the date that the image was processed.

Modlified This value specifies that the element is the date when any kind of modification was made to the

original work. This element will store the most recent modification date. Although it is valid to hav
more than one modification date in this section, it would be more common that the entire IPR is
updated during the modification, and the previous modifications moved to the IPR history. The
processing tool may generate this date automatically.

D

Lasf Modified This value specifies the last date the image was modified. This date should be easily found, becausg
theremaybeeitheramautomatic processputting-thisetementandreptacing-theprevioustast
modification" as a "history element" or a manual process where the operator has to do the same
operation 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 obligations resulting from the use of the image, and the IPR management system in use for this IPR metadata. This
element may contain the sub-elements listed below. See Figure N.39.

242 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

<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:element name="IPR OBLIGATION" type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:IPR_MGMT_SYS" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.39 — Schema of the IPR Exploitation metadata

N.6.4.5

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 vallie of
zero specifies that the image is not protected and containg-na‘waterrark.
Values between 1 and 255 are reserved. Other valuesymay exist. If this
element is not present, then the watermark content \(or its presende) is

undefined.

IPR_USE_RESTRICTION: This element specifies the use restrictions of-an image. Use restrictions
may apply to an image that is not allowed aUtside the factory for induptrial
applications, or for which exclusive rights of copy have been delegated to

a unique agency, or for which prior autherization of represented peo
mandatory before publishing. Other*restrictions may exist.

IPR_OBLIGATION: This element specifies the obligations of exploiting an image. Oblig
may concern any mandatory-condition for exploiting the content of g
For example, the copyright information may be required to be writte
the side of any printout.for'photographs; other obligations may concer
need to get allowaneé-from persons represented on a picture if the pi
is published. Obligations may vary with time. For example, it ma
forbidden to pubtish a photograph before a given date, etc.

IPR_MGMT_SYS: IPR management system. This element specifies what management sy
is used.-Tthe syntax of this element is specified in clause N.6.4.5.

IPR Management System metadata

IPR |Management Systems such as IPMP- (Intellectual Property Management & Protection) or ECMS (Elect]
Copyright Management System) use these ‘elements to determine where information is kept regarding the manage
systgm. An example use of these elements is to track the usage of an image. During transfer, an agency determing
owngr of the image from the management systems elements. It already knows the consumer, and uses this informati

stor
reco

on a server describing the IPR of the image, and depending upon whether IPR licensing is mandato

char;E the user and credit the owner the amount as determined by the management system. This information is comnj
mended, there shall\b€’a link to where all information about it is kept. This element may contain the sub-elen

listed below. See Figure-N\.40.

<xsd:ed@ment name="IPR MGMT SYS">
<xgd:complexType>
<xsd:sequence>
<xsd:element name="IPR MGMT TYPE" type="xsd:string" minOccurs="0"/>
<xsd:element name="IPR MGMT SYS ID" type="xsd:string" minOccurs="0"/>
<xsd:element name="IPR MGMT SYS LOCATION" type="xsd:anyURI" minOccurs="0"/>
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</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.40 — Schema of the IPR Management Systems metadata

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.
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N.6.4.6 IPR ldentification 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.

<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>
drattripbute ref="JpTTIMESTAMD
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.41 — Schema of the IPR Identification metadata

IPR_IDENTIFIER: Generic IPR identifier. This element contains é-generic purpose| IPR
identifier. The syntax of this element is specified in clause N.6.4.7.
LICENCE_PLATE: This element specifies License plate of thie content. The syntax of this

element is specified in clause N.6.4.8.

N.6.4.7 Generic IPR Identifier metadata
This|element specifies a generic IPR identifier. This element may contain the,sub-elements listed below. See Figure IN.42.

<xsd:element name="IPR IDENTIFIER">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR ID MODE" type="3jpwtLangString" minOccurs="0"/>
<xsd:element name="IPR ID" type="jp:tBangString" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.42 — Schema of the IPR Identifier metadata

IPR_ID_MODE: This element specifies the identification mode.

IPR_ID: This element specifies the identification. The Mode element describgs the
content of this element.

N.6.4.8 License Plate metadata

This|element specifies the license plate of the original image, defined in ISO/IEC 10918-3. The combination gf the
elements in the license plate_contains a globally unique identifying sequence of numbers. This element may contaip the
sub-glements listed below’) See Figure N.43.

<xsd:element name="LICENCE_PLATE">
<xgd: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:sequence>
</xsd:complexType>
</xsd:element>

Figure N.43 — Schema of the License Plate metadata

LP_COUNTRY: This element specifies the country of registration. The element contains the
country code (3-digit number) for the license plate as defined in
1SO 3166-1.

LP_REG_AUT: This element specifies the registration authority number for the license
plate.

LP_REG_NUM: This element specifies the registration number for the license plate.
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LP_DELIVERY_DATE: This element specifies when the license plate was delivered to the registrant
by the registration authority.

NOTE — A previous edition of this Recommendation | International Standard referenced the 1997 edition of 1SO 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 holder. It includes a way to contact the current right holder in order
to acquire the rights under the form of a licence. Such information may be a postal address, URL or any phone or fax
number that is a non-ambiguous link to the right holder.

A contact point may be either a Person, an Organization, or a reference to a name or a person. This element may contain
the sub-elements listed below. See Figure N.44.

<xsd:element name="IPR CONTACT_ POINT">
<xsd:complexType>
<xsd:choice>
<xsd:element ref="jp:IPR PERSON"/>
<xsd:element ref="jp:IPR ORG"/>
<xsd:element ref="jp:IPR NAME REF"/>
</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 persopsdescription. The syntax of this element
is specified in clause N.6.4.1:

IPR_ORG: Organization. This eleméntvspecifies 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 persgn or

organization withif’the IPR metadata. This element is a link to one gf the
Person or Qrganization 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 additjonal
valuefor the person or organization in Table N.14. The value list¢d in
Table N.16 is added and has the following meaning.

Table N.16 — Additional name description values

Value Meaning

Collection Thisvalue is a link to a collector, museum, group, institution, etc.
The eontact point may be a link to a name specified in IPR Names.

N.6.4.10 IPR Histery.metadata

This|element specifies previous IPR metadata. The format of this element is defined along with the Intellectual Property
Rights metadata“(Figure N.35).

Eachl time, the IPR information of an image is changed, some of the IPR metadata defined through clause N.6.4.1 and
clauge 'N/6.4.9 may be moved to this IPR History metadata element. The IPR History metadata stores all IPR metafata-
related modifications.

N.6.5  Image Identifier metadata

This element specifies an image identifier that uniquely identifies the image. The format may be globally unique (e.g.,
UUID), vendor or application dependent. This element may contain the sub-elements listed below. See Figure N.45.
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<xsd:element name="IMAGE ID">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="UID" type="xsd:string" minOccurs="0"/>
<xsd:element name="ID TYPE" type="xsd:anyURI" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.45 — Schema of the Image Identifier metadata
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UID: Unique Identifier. This element specifies the unique identifier of an image.
The ID_TYPE element specifies the format of the field.

ID_TYPE: Unique Identifier Type. This element specifies the type of the UID glement
asa URI.

Fundamental type and element definitions

| Schema Part 2 defines many built-in and derived datatypes; however, they are not sufficient'to specify val
data elements defined in this Recommendation | International Standard. This clause defingsthe common type
ents that are referenced within other metadata boxes. The types and elements defined are intended only to be us|
Fed to in other schemas, and have no intrinsic significance.

| Defined types

.1 Non-negative double type
type is used for double numbers greater than or equal to zero. See Figure N.46.
<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

.2 Rational type

type is used to define rational numbers.slt’contains an enumerator and denominator in a single string. See F

<xsd:simpleType name=!"tRational">
<xsd:restrictioh base="xsd:string">
<xsd:patterfi yalue=" (\-|\+)?2[0-9]+/[0-9]+"/>
</xsd:restpietion>
</xsd:simpleType>

Figure N.47 — Schema of the rational type

.3 Stringrincluding language attribute type

type is-Used to when an element requires a string and a language attribute definition. The content of this elemg
dedto store human readable data. See Figure N.48.
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XSd:complexlype name="tlLangstringn
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute ref="xml:lang"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>

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

Thisltype specifies a direction in degrees and fractions of degrees. The exact meaning of the values is dependeft'on upage.
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|type specifies a size in double coordinates. See Figure N.51.

<xsd:complexType name="tDoubleSize">
<xsd:sequence>
<xsd:element name="WIDTH" type="jp:tNonNegativeDouble"/>
<xsd:element name="HEIGHT" type="jp:tNonNegativeDouble"/>
</xsd:sequence>
</xsd:complexType>

Figure N.51 - Schema of the double size type

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 Mame="WIDTH" type="xsd:positiveInteger"/>
<xsd:elemént name="HEIGHT" type="xsd:positiveInteger"/>
</xsd:sequénce>
</xsd:complexType>

Figure N.52 — Schema of the integer size type
N.7.1.8 DateTime type

is|type Specifies a partial or exact date. A date can include either a specific day (e.g., 26 January 2000), or a

UV , Cra ay o ay

See Figure N.53.
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<xsd:complexType name="tDateTime">

<xsd:sequence>

<xsd:choice minOccurs="0">
<xsd:element name="EXACT" type="xsd:dateTime"/>
<xsd:element name="DATE" type="xsd:date"/>

<xsd:sequence>

<xsd:element name="MONTH" minOccurs="0">

<xsd:simpleType>

<xsd:restriction base="xsd:positiveInteger">
<xsd:minInclusive value="1"/>
<xsd:maxInclusive value="12"/>
</xsd:restriction>

</xsd:simpleType>
</xsd:element>

d:element name="YEAR" type="xsd:gYear" minQccurs="0"

<xsd:simpleType>

</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</xsd:choice>

</xsd:sequence>

</xsd:complexType>

EXACT:
DATE:
MONTH:

YEAR:
CENTURY:
WEEK_DAY:
SEASON:

COMMENT;

.9 Addressitype

<xsd:element name="CENTURY" minOccurs="0">

<xsd:restriction base="xsd:integer"/>

<xsd:element name="WEEK DAY" type="xsd:string" minOccurs="0"/>
<xsd:element name="SEASON" type="xsd:string" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

Figure N.53 — Schema of the DateTime type

type specifies the address of an object or location. For example, it may be used to describe the address an imagg

This element contains anexact date and a time.
This element contains:a date (excluding the time of day).
This element contains a month of the year. An integer value is used i

ather

than a string toche’ consistent with the other elements contained in the

DateTime type. The value for January shall correspond to 1 and Dece
to 12.

This element contains a calendar year. Positive values used for AD
negative values for BC. The year zero is not valid.

This element contains the century that an event occurred. For exampl
twentieth century is stored as "19." The century zero is not valid.

This element is a text description of the day. Examples include "Mon
and "Friday."

This element is a text description of a season. Examples include, "Spr
"Summer,” "Autumn,” and "Winter."

See Comment element (clause N.7.3.1) for more information on
element. Examples include "Easter Sunday," "Morning," "Just after lu

mber
and
, the
day"
ing,"
this

nch."

was

captyred{or the address of the intellectual property owner of an image. This type may contain the sub-elements listed

belo
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v See Figure N.54.
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<xsd:complexType name="tAddress">
<xsd:sequence>
<xsd:element name="ADDR NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="ADDR COMP" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="jp:tLangString">
<xsd:attribute name="TYPE" type="xsd:string"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
</xsd:element>
<xsd:choice minOccurs="0">
<xsd:element name="ZIPCODE" type="xsd:string"/>
d-element name="POSTCODE" type=" d:string"
</xsd:choice>
<xsd:element name="COUNTRY" type="jp:tLangString" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

Figure N.54 — Schema of the Address type

ADDR_NAME: Address name. It is a descriptive element.fof the address.

ADDR_COMP: Address component. Multiple elements_are used to specify the complete
address. The order of the address elements specifies the full address. A full
address shall be generated by coneatenating the separate address elements.
For example, if the type is a “state”, this element contains the name df the
state. Where the type is a.“street,” this element contains the name df 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 copintry
subdivision.

TYPE: This is the name.of this part of the address. Examples include "streqt" or
"state." 1SO.8166-2 specifies country subdivisions and the types of these
divisionsaFhese 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.

OTE — A previous edition of this Recommerdation | International Standard referenced the 1998 edition of 1ISO 3166-2] This
lecommendation | International Standard now, makes an undated reference to 1SO 3166-2.

0=

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.
Rogm 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.
Posfbox 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”, "County" may
be used instead.

ZIPCODE/POSTCODE: This element specifies the postcode (or zip code) of the address. This
element is not limited in length. The element has the title "Postcode" or
"Zip code."” An address cannot contain both a postcode and a zip code.

COUNTRY: This element specifies the country of the address. The element can either
contain the country code as defined in 1SO 3166-1 or a string identifying
the country. The ISO 3166-1 country code is preferred.

TYPE: This element specifies the type of the whole address. The address type
would include whether the address is a home address or a business address.
Suggested type values are listed in Table N.18. Multiple type values may
be specified delimited with a comma (",").
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NOTE — A previous edition of this Recommendation | International Standard referenced the 1997 edition of ISO 3166-1. This
Recommendation | International Standard now makes an undated reference to 1ISO 3166-1.

Table N.18 — Address type values

Value

Meaning

Domestic

The domestic delivery address.

International

The international delivery address.

Postal The postal delivery address.
Home The delivery address for a residence.
Work The delivery address for a place of work.

N.7.1.10 Phone number type

This|type specifies a phone number. This type may contain the sub-elements listed below. See Figure N.55.

<xsd:complexType name="tPhone">

<xsd:sequence>

<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="Q“/>

</xsd:sequence>

<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>

</xsd:complexType>

COUNTRY_CODE:

Figure N.55 — Schema of the Phone number type

This element contains the country code part of a phone number. This p

hone

code does not include any prefix such as "00" used to dial internatjonal

250 Rec. ITU-T T.801 (06/2021)

numbers, but instead just the international country code. This element also
does not include-a leading "+."

AREA: This elemént contains the local area code part of a phone number. Thig 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 number or a
business phone number. Suggested type values are listed in Table IN.19.
Multiple type values may be specified delimited with a comma (",").

Table N.19 — Phone number type values

Value Meaning
Home Phone number associated with a residence.
Message Phone number that has voice message support.
Work Phone number associated with a place of work.
Voice Phone number indicating a voice telephone.
Cell Cellular telephone number.
Video Video conference telephone number.
BBS Bulletin board system telephone number.
Modem A modem connected telephone number.
Car A car-phone telephone number.
ISDN ISDN service telephone number.
PCS Personal communication service telephone number.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

N.7.1.11 Email address type

This

N.7
This

N.7

This
may

type specifies an email address. This type may contain the sub-elements listed below. See Figure N.56.

<xsd:complexType name="tEmail">
<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>

Figure N.56 — Schema of the Email address type

TYPE: This element contains the type of the email address.

.1.12 Web address type

type specifies a web page address. This type may contain the sub-elements listed below. See Figure-N.57.

<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>

Figure N.57 — Schema of the Web address-type

TYPE: This element contains the type of the web page.

.1.13 Person type

type specifies a person. The sub-elements are compatible:with the vCard description defined in RFC 2426. Thig

contain the sub-elements listed below. See Figure N.58.
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<xsd:complexType name="tPerson">
<xsd:sequence>
<xsd:element name="NAME TITLE" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="PERSON NAME" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="NAME COMP" maxOccurs="unbounded">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="TYPE" use="optional" default="Given">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Prefix"/>
d:enumeration valne="Given"

<xsd:enumeration value="Family"/>
<xsd:enumeration value="Suffix"/>
<xsd:enumeration value="Maiden"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

<xsd:element name="JOB TITLE" type="xsd:string" minOccurs="0"/>
<xsd:choice minOccurs="0">
<xsd:element name="PERSON ORG" type="jp:tOpganization"/>
<xsd:element name="ORG REF" type="xsd:string"/>

<xsd:element name="NICK NAME" type="xsd:string" minQccurs="0" maxOccurs="unbounde

"/>

</xsd:choice>

</xsd:sequence>

<xsd:attribute name="ID" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>
</xsd:complexType>

NAME_TITLE:
PERSON_NAME:

NAME_COMP:

<xsd:element name="ADDRESS" type="jp:tAddress" minOccurs="0" maxOccurs="unbounded]/>
<xsd:element name="PHONE" type="jp:tPhd@e" minOccurs="0" maxOccurs="unbounded"/>
<xsd:element name="EMAIL" type="jp:tEmail" minOccurs="0" maxOccurs="unbounded" />
<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="x&dYduration" minOccurs="0"/>

<xsd:element ref="Jjp:COMMENT". mInOccurs="0"/>

Figure N.58 — Schema of the Person type

The element contains the person's title.

This element specifies a framework to describe a person's name. A person's
name is composed of multiple name components (e.g., given name(s) and
family name(s)). The order of the name component elements specifigs the
full name of the person. For example, in languages where the family pame
is usually placed before the given name, then they would appear irf this
order in the file.

Name component. This element contains a single portion (word) df the

namaof 2 narcan A _nama camnanant alamant mav, caontain o cinala |'"t|a|
Raih Ha-peseR—Harie-copeheRteteeRtay-cotath—a-Siigie

TYPE:

rather than a complete word. To specify the full name of a person, multiple
name component elements are used. This element contains a type as
specified below.

Name component type. This element defines the type of the Name
Component element. This element would include whether the name
component is a Suffix, Prefix, Given or Family name. Suggested values
and their corresponding meanings are listed in Table N.20. Multiple values
shall not be specified within a single type filed.
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Table N.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 individual.
This is the default value of the name component type.
Family A name component that is normally inherited by their parent or assumed by marriage.
Suffix A generation qualifier (e.g., Jr., I11), decorations and awards. (e.g., Q.C., Ph. D)
Maiden A name component of a woman's family name before getting married.

NICK_NAME: This element specifies a nick name of the person. E.g., "Jimmy."

JOB_TITLE: This element specifies the person's job title.

ORGANIZATION: This element specifies the organization for which a person is a memibgr of.
The organization element may be either contained within|the pgrson
element, or referenced.

ORG_REF: Organization reference. A reference to the organizatiop< This element is a
link to one of the Organization elements within theé-metadata.

ADDRESS: This element specifies address information for-the person. For example, it
can contain a home address or a work address. It does not necesdarily
contain the address depicted within the\image, but instead informption
about the person. See Address type (elause N.7.1.9) for the format of this
element.

PHONE: Phone number. This element,specifies phone number information fqr the
person. See Phone numbertype (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.glement contains a web page for a person. See Web adfress
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 informatiof the
Comment element shall be used.

AGE: This element contains the age of a person.

COMMENT: This element specifies user- and/or application-defined informption
beyond the scope of other properties in the person type. See Comjment
element (clause N.7.3.1) for more information on this element.

ID: This element specifies the unique identifier for the person.

N.7.1.14 Organization.type
This|type specifies amorganization. The sub-elements are compatible with the vCard description defined in RFC 2426.
This|type may contdin the sub-elements listed below. See Figure N.59.
<x35d:complexType name="tOrganization">
<xsd:sequence>
<xsd:element name="ORG NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="ADDRESS" type="jp:tAddress" minOccurs="0" maxOccurs="unbounded}/>
<xsg;eze;e;t ;;;e="£§AE£" t;;e="3;;t£;azl" ;I;Occ;;s="0" ;;xOcc;;s=";;go;;aea"/>
<xsd:element name="WEB" type="jp:tWeb" minOccurs="0" maxOccurs="unbounded"/>
<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:sequence>
<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
Figure N.59 — Schema of the Organization type
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N.7.
This
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ORG_NAME: Organization name. This element specifies the name of the organization.

ADDRESS: This element specifies address information for the organization. It does not
necessarily contain the address depicted within the image, but instead
information about the organization. See Address type (clause N.7.1.9) for
the format of this element.

PHONE: Phone number. This element specifies phone number information. See
Phone number type (clause N.7.1.10) for the format of this element.

EMAIL: 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: 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.

LOGO _FILE: This element specifies a reference to a logo file of the organization:

LOGO_FILE_FORMAT:

MIME_TYPE:
COMMENT:

ID:

.15 Location type

This element specifies the name of the logo file format. For-example, EPS,
JP2 and TIFF.

This element specifies the Internet media type of thejlogo file.

This element specifies user- and/or application-defined informption
beyond the scope of other properties in (the organization type.| See
Comment element (clause N.7.3.1) for morelinformation on this elemjent.

This element specifies the unique identifier for the organization.

type specifies the physical location of an object or a scene. For example{ it may be used to describe an object within
nage, or the location of a camera at the time of capture. The Location.is the physical location, whereas the Pogition

position of an object relative to the image. See Figure N.60.

<xsd:complexType name="tLocation">

<xsd:sequence>

<xsd:element ref="jp:COORD LOC" minQO&curs="0"/>

<xsd:element name="ADDRESS" type="9p:tAddress" minOccurs="0"/>
<xsd:element ref="jp:GPS" minOcglns="0"/>

<xsd:element ref="Jjp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lapg!"/>

</xsd:complexType>

COORD_LOC:

ADDRESS;

GPS;

COMMENT:

Figure N.60 — Schema of the Location type

Coordinate location. This element specifies the exact longitude, lagitude
and altitude of an object. The syntax of this element is specified in cJause
N.7.1.15.1.

This element specifies the location of an object using an address| See
Address type (clause N.7.1.9) for the format of this element.

Global Positioning System. This element specifies location informption
received from a GPS receiver. The syntax of this element is specifipd in
clause N.7.1.15.2.

This element specifies the location of an object that cannot be descfibed

N.7.1.15.1 Coordinate location

uaillg the—other—tocationetements—For C)\alllpic, “Ynder-the—tabte” 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.

254

Rec. ITU-T T.801 (06/2021)

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=23bd293e8985e72cd6aa7aaf139e0527

ISO/IEC 15444-2:2021 (E)

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.

& 1 £ = RO

<xsd:complexType>
<xsd:sequence>
<xsd:element name="LONGITUDE" type="jp:tDegree" minOccurs="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>

Figure N.61 — Schema of the Coordinate location element

LONGITUDE: This element specifies the longitude;-represented in double degreeg and
fractions of degrees. E.g., "138,700,""~122,450."

LATITUDE: This element specifies the latitude, represented in double degree§ and
fractions of degrees. E.g., “35,383," "37,767."

ALTITUDE: This element would contain the distance in meters. Zero is sea level,

positive is above, and negative is below.

N.7.1.15.2 Raw GPS Information

The Jnformation in these elements is expected to be imported from a GPS system and is compatible with NMEA-(138.
For this reason, the elements are not consistent with othermetadata elements. For example, a distance on the GPS elements
may |be stored in miles, while all other metadata distances are stored in meters. These elements are compatible with{Exif
versipn 2.1.

If information for latitude, longitude and altitude are present in the raw GPS information, the matching elements ip the
Cootldinate location shall be filled in.

This|element may contain the sub-eléments 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>
d-element name="D" type=" d:nonNegativeInteger"
<xsd:element name="M" type="xsd:nonNegativelnteger"/>
<xsd:element name="S" type="]jp:tNonNegativeDouble" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS LONG REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="E"/>
<xsd:enumeration value="W"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS_LONGITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegatiwveTnteger"/>
<xsd:element name="M" type="xsd:nonNegativelnteger"/>
<xsd:element name="S" type="jp:tNonNegativeDouble" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS ALTITUDE" type&Z}jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="GPS TIME" type=/ksd:dateTime" minOccurs="0"/>
<xsd:element name="GPS_ SATELLITES! type="xsd:string" minOccurs="0"/>
<xsd:element name="GPS STATUS" at¥nOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="A"/>
<xsd:enumeration walue="V"/>
</xsd:restrictiog>
</xsd:simpleType
</xsd:element>
<xsd:element name="GPS_MEASURE MODE" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:positiveInteger">
<xsdaminExclusive value="2"/>
<%sd:maxInclusive value="3"/>
<[xsd:restriction>
</x8d simpleType>
</rgd:element>
yxsd:element name="GPS_ DOP" type="jp:tNonNegativeDouble" minOccurs="0"/>

Figure N.62 — Schema of the Raw GPS Information element
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<xsd:element name="GPS_SPEED REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="K"/>
<xsd:enumeration value="N"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS SPEED" type="jp: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>
d:simpleType
</xsd:element>
<xsd:element name="GPS TRACK" type="jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="GPS_IMAGE_DIR REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="T"/>
<xsd:enumeration value="M"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS IMAGE DIR" type="jp:tNonNegativeDouble! minOccurs="0"/>
<xsd:element name="GPS MAP DATUM" type="xsd:string" minO¢clrs="0"/>
<xsd:element name="GPS DEST LAT REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="N"/>
<xsd:enumeration value="S"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS DEST LATITUDE" min@tcurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="ws§d:nonNegativeInteger"/>
<xsd:element name="M" type={xSd:nonNegativelnteger"/>
<xsd:element name="S" typé="jp:tNonNegativeDouble" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS “DEST LONG_REF" minOccurs="0">
<xsd:simpleType>
<xsd:restrictidn Ppase="xsd:string">
<xsd:enumerati®n value="E"/>
<xsd:enum&cation value="W"/>
</xsd:regthiction>
</xsd:sipplelype>
</xsd:element>
<xsd:elémert name="GPS DEST LONGITUDE" minOccurs="0">
<xsdredmplexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegativeInteger"/>
<xsd:element name="M" type="xsd:nonNegativeInteger"/>
<xsd:element name="S" type="jp:tNonNegativeDouble" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS DEST BEARING REF" minOccurs="0">
<xsd:simpleType>

dexostriction bhasa="vod.gtpipan
=

<xsd:enumeration value="T"/>
<xsd:enumeration value="M"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS_ DEST BEARING" type="jp:tNonNegativeDouble" minOccurs="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" type="jp:tNonNegativeDouble" minOccurs="0"/>

</xsd:sequence>
</xsd:complexType>

</xsd:element>

Figure N.64 — Schema of the Raw GPS Information element (concluded)

GPS_LAT_REF:

Table N.21 — Latitude reference values

GPS Latitude Reference. This element specifies whether the GPS Latjtude
is North or South. Table N.21 lists legal values of this element,

Value Meaning
N North Latitude
S South Latitude
GPS_LATITUDE: GPS Latitude. This element contains thelatitude of the GPS receiver. Table
N.22 lists legal values of this elemeht:
Table N.22 — Latitude valu€s
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:

Table’N.23 — Longitude reference values

GPS ongitude Reference. This element specifies whether the [GPS
Longitude is East or West. Table N.23 lists legal values of this elemept.

Value Meaning
E East longitude
" West longitude
GPS_LONGIKFUDE: GPS Longitude. This element contains the longitude of the GPS recgiver.
Table N.24 lists legal values of this element.
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:

Rec. ITU-T T.801 (06/2021)

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
necessarily the camera capture time.
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GPS_SATELLITES: GPS Satellites. This element contains information about the satellites used
to determine the camera position. This element can be used to describe the
number of satellites, their ID number, angle of elevation, azimuth, SNR
and other information. The format is not specified.

GPS_STATUS: GPS Status. This element contains information on the GPS receiver at time
of image capture. Table N.25 lists legal values of this element.

Table N.25 — GPS Status values

Value Meaning

A Measurement is in progress.

\% Measurement is interrupted.
GPS_MEASURE_MODE: GPS Measure Mode. This element contains information” on| the

measurement mode used to determine the GPS location. Table N.2§ lists
legal values of this element.

Table N.26 — GPS Measure mode values

Value Meaning
2 2 dimensional measurement.
3 3 dimensional measurement.
GPS_DOP: GPS Data Degree of Precision (DOP). This element contains a yalue

indicating the GPS DOP . ,An.HDOP (horizontal degree of precision) yalue
is written during a two-=dimensional measurement, and a PDOP (3D d¢gree
of precision) value is\written during a three-dimensional measuremert.

GPS_SPEED_REF: GPS Speed Refergnce. This element contains the units of measure fqr the
GPS Speed element. Table N.27 lists legal values of this element.

Table N.27 — GPS Speed reference unit values

Value Meaning
K Kilometres per hour
N Knots
GPS_SPEED: GPS Speed. This element contains a value indicating the speed of the|GPS
receiver. The value units are defined by the GPS Speed Reference.
GPS_TRACK «REF: GPS Track Reference. This element contains the reference for the |GPS

Track element. Table N.28 lists legal values of this element.

Table N.28 — Direction reference values

Value Meaning

T True north
M Magnetic north

GPS_TRACK: 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_DIR_REF: GPS Image Direction Reference. This element contains the reference for
the GPS Image Direction element. Table N.28 lists legal values of this
element.

GPS_IMAGE_DIR: GPS Image Direction. This element contains the value in degrees
indicating the direction the camera is facing at the time of taking the
picture. 0 indicates North and 90 indicate East.
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GPS_MAP_DATUM:

GPS_DEST_LAT_REF:

GPS_DEST_LATITUDE:

GPS_DEST_LONG_REF:

GPS Map Datum. This element specifies the geodetic survey data used by
the GPS receiver. For example, if the survey data is restricted to Japan, the
value of this tag is "TOKYO" or "WSG-84."

GPS Destination Latitude Reference. This element specifies whether the
GPS Destination Latitude is North or South. Table N.21 lists legal values
of this element.

GPS Destination Latitude. This element contains the destination latitude of
the GPS receiver. Table N.22 lists legal values of this element.

GPS Destination Longitude Reference. This element specifies whether the
GPS Destination Longitude is East or West. Table N.23 lists legal values
of this element.

GPS_DEST_LONGITUDE:

GPS_DEST_BEARING_REF:

GPS_DEST_BEARING:

GPS_DEST_DISTANCE_REF:

Table N.29 — GPS Destination distance reférence unit values

GPS Destination Longitude. This element contains the destingtion
longitude of the GPS receiver. Table N.24 lists legal values of this eleent.

GPS Destination Bearing Reference. This element contains.the refefence
for the GPS Destination Bearing element. Table N.28 lists legal valugs of
this element.

GPS Destination Bearing. This element contains~the value in degrees
indicating the direction of the destination. frem the GPS recgiver.
0 indicates North and 90 indicate East.

GPS Destination Distance Reference. Fhis element contains the units of
measure for the GPS Destination Distanee element. Table N.29 lists flegal
values of this element.

Value Meaning
K Kilometres per hour
N Knots

GPS_DEST_DISTANCE:

.16 Direction type

ents listed below. See FiguréN.65.

<xsd:segtience>

</xsd:sequence>

</xsd:complexType>

<xsd:complexType name="tDirection">

<xgd:element name="YAW" type="jp:tDegree" minOccurs="0"/>
<ksd:element name="PITCH" type="jp:tHalfDegree" minOccurs="0"/>
<xksd:element name="ROLL" type="jp:tDegree" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

GPS Destipation Distance. This element contains a value indicating the
distance to the destination from the GPS receiver. The value units are
defined by the GPS Destination Distance Reference.

type specifies a three-dimensional heading. While this type is primarily used to specify the direction a camgra is
g, it may also be used to specify-information about an object in a scientific photograph for example. When calculpting
irection the camera is facing; first the yaw is applied, then the pitch, then the roll. This type may contain the|sub-

260

Figure N.65 — Schema of the Direction type

YAW:

PITCH:

Rec. ITU-T T.801 (06/2021)

This element is the direction the capture device is facing. The element is
measured in degrees. North is 0, East is 90, South 180 and West is —90.

This element is a measure of the elevation angle of the capture device. This
element is a Double value between —90 and +90, also measured in degrees.
0 facing horizontal. 90 is facing vertically straight upwards, and —90
vertically downwards.
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ROLL:

COMMENT:

N.7.1.17 Position type

This tyvpe-is-used-to-specify-the-position-of-an-obiect—within-an-image—TFhe-Position-tvpe-can-be-one-of the folowing:
Bpes-HSea+e-SpecH e poSHoR-6ah-6afect-WHRH-aR-HRage—-1e— HoR-Hype-cah-be-oh HREOHOWHRY .

ISO/IEC 15444-2:2021 (E)

This element is a measure of the rotation angle of the capture device. This
element is a Double value between —180 and 180, also measured in
degrees. 0 facing horizontal. 90 where the device is rotated clockwise and
the left of the device is facing upwards, and —90 where the device is rotated
anti-clockwise. 180 is upside down.

This element specifies user- and/or application-defined information
beyond the scope of other properties in the direction types. For example,
"Upwards," "To the left." See Comment element (clause N.7.3.1) for more
information on this element.

— Anx, ysingle point.

— A free-text comment element.

— Arrectangular area (specified as an x, y, width and height).
—  Aset of splines that represent an area of the image.

The
poin
1.0.
a sqy
to th
I1ISO
coor
Ysiz
lineq

This

mage is described in a Cartesian system, with the X-axis horizontal and pointing to the right,the Y-axis vertica
I'0 keep the scale of the X-axis and the Y-axis the same, the image width (R) is its aspéct ratio (width/height). T

b 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.
IEC 15444-1 for an illustration of the image area. Coordinate (0, O) refers ta.the top left of pixel (XOsiz, YOsiz
linate (R, 1) refers to the bottom right of pixel (Xsiz—1, Ysiz-1) on the reférénce grid where XOsiz, YOsiz, Xsi
are the values of the respective fields in the SIZ marker (see clause A<2:3) in the codestream. Other coordinates
rly into this image area.

information may become useless if the image is cropped or manipulated. See Location type (clause N.7.1.15) fq

and

ing downward, and the origin at the upper left corner. The scale is such that the height of the image is normalizgd to

hus,

are part of any image has equal width and height in this coordinate system. The-metadata coordinate system rgfers
800 |

and

y and

map

r the

diffefence between the Position and Location types. See Figure IN.66.

<xsd:sequence>

<xsd:sequence>
</xsd:sequence>
</xsd:choice>
</xsd:sequence>

</xsd:complexType>

POINT:

RECT:

<xsd:complexType name="tPosition">
<xsd:choice minOccurs="0">
<xsd:element name="POINT" type="jp:tPoint"/>
<xsd:element name="RECT" t¢pe="jp:tRect"/>
<xsd:element name="RECTI" type="]jp:tRect"/>
<xsd:element name="REGION" type="jp:tRegion"/>

<xsd:element ref®!gp:COMMENT" minOccurs="0"/>

<xsd:attribute(ref="jp:TIMESTAMP" />

Figure N.66 — Schema of the Position type

Single point. This element specifies a single point in the coordingtion
system. See Point type (clause N.7.1.18) for more information of this
element.

Rectangular region. This element specifies a rectangular region i the
coordinate system. See Rect type (clause N.7.1.19) for more informption

REGION:

COMMENT:

© ISO/IEC 2021 - All rights reserved

Of this etement;

Avrbitrary region. This element specifies an arbitrary region. See Region
type (clause N.7.1.20) for more information on this element.

This element can describe the position of an object less accurately than one
of the above methods. For example, this element may contain "Bottom 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.
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N.7.1.18 Point type

This type specifies details about a single point on an image. This type is used to describe a single point in the coordinate
system. This type shall contain the sub-elements listed below. See Figure N.67.

<xsd:complexType name="tPoint">
<xsd:sequence>
<xsd:element name="X" type="jp:tNonNegativeDouble"/>
<xsd:element name="Y" type="jp:tNonNegativeDouble"/>
</xsd:sequence>
</xsd:complexType>

Figure N.67 — Schema of the Point type

X THiS etement Specifies the X coordinate of the point.
Y: This element specifies the Y coordinate of the point.

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 regipn in
the qoordinate system. See Point type (clause N.7.1.18) for the base format of this type. Additignally, this type |shall
contgin the sub-elements listed below. See Figure N.68.

<xsd:complexType name="tRect">
<xsd:complexContent>
<xsd:extension base="jp:tPoint">
<xsd:sequence>
<xsd:element name="WIDTH" type="jp:tNonNegativeDoukle"/>
<xsd:element name="HEIGHT" type="jp:tNonNegativeDeouble"/>
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

Figure N.68 — Schema of the Rect type

X: The left of the réctangle.

Y: The top ofthe rectangle.

WIDTH: The width of the rectangular (to the right of X).
HEIGHT: The-height of the rectangular (below Y).

N.7.1.20 Region type

This|type specifies details about an «arbitrary region on an image. This type consists of a start point and one or more
segments. Each segment may be either a straight line (specified using a point), or a spline.

Whefe an arbitrary region is(Specified, a Rectangular Region shall also be specified (which is the bounding box df the
Arbitrary Region). A standard JPX compliant metadata reader or editor has the option of not using the Arbitrary Repion,
even|if the Rectangular Region is used.

This|type shall contain'the sub-elements listed below. See Figure N.69.
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<xsd:complexType name="tRegion">
<xsd:sequence>
<xsd:element name="POINT" type="jp:tPoint"/>
<xsd:choice minOccurs="0" maxOccurs="unbounded">
<xsd:element name="POINT" type="jp:tPoint"/>
<xsd:element name="SPLINE">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="X1" type="jp:tNonNegativeDouble"/>
<xsd:element name="Y1" type="jp:tNonNegativeDouble"/>
<xsd:element name="X2" type="jp:tNonNegativeDouble"/>
<xsd:element name="Y2" type="jp:tNonNegativeDouble"/>
<xsd:element name="X" type="jp:tNonNegativeDouble"/>
<xsd:element name="Y" type="jp:tNonNegativeDouble"/>
d:-seguence

N.7.

This
shall

</xsd:complexType>
</xsd:element>
</xsd:choice>
</xsd:sequence>
</xsd:complexType>

Figure N.69 — Schema of the Region type

POINT: Start Point: This is the starting point of the spline in the coordinate sy
See Point type (clause N.7.1.18) for the format-of this element.

POINT: This element specifies a line starting at'the end of the previous spling
ending at the new point. See Point type,(clause N.7.1.18) for the forn
this element.

SPLINE: This element specifies a Bezier cUrve starting at the end of the pre

the first and second contrel points of the spline respectively.

tem.

and
at of

ious

spline, and ending at the nev'end point (X, y), with x1, y1 and x2, y2 lpeing

.21 Product details type
type specifies details about a product (hardware or software). By combining these three elements, a unique yalue
be created. This type may contain the sub-elements listed below. See Figure N.70.
<xsd:complexType name="tProductDetails">
<xsd:sequence>
<xsd:element name="MANUFACTURER" type="jp:tOrganization" minOccurs="0"/>
<xsd:element name="MODELM“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&"jp:TIMESTAMP"/>
<xsd:attribute réf¥Vxml:lang"/>
</xsd:complexTypé>
Figure N.70 — Schema of the Product Details type
MANUFACTURER: Manufacturer name. This element specifies the name of the manufadturer
or vendor of the product. It is recommended to set the manufacturer pame
shown on the device. See Organization type (clause N.7.1.14) fof the
format of this element.
MODEL: Model name. This element specifies the model name or number of the
product.
SERIAL: Serial Number. This element specifies the serial number of a product.
VERSION: Version Number. This element specifies the version number of a product.

N.7.2 Defined attributes

N.7.2.1 Language attribute

The attribute is formatted according to RFC 3066. When a metadata element has a Language attribute, it specifies the
language in which the metadata is stored. English (e.g., "en") is assumed where the language is not specified.

Where an element specifies a Language attribute, and also sub-elements, the Language of the sub-elements is the same
as the enclosing element unless the Language attribute is specified separately within the sub-element. See Figure N.71.
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