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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;

pm\/idpc gllidanr‘n onextended nnr‘nding Processes for r‘nn\mrfing source imngp datato compre ed image
data;

provides guidance on how to implement these processes in practice.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology —
JPEG 2000 image coding system — Extensions

Scope

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

This Recommendation | International Standard:

2

The follo
constitute

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

nage data;

specifies an extended codestream syntax containing information for interpreting the compres
data;

specifies an extended file format;
specifies a container to store image metadata;
defines a standard set of image metadata;

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

provides guidance on how to implement these processes in practice:

Normative references

ving Recommendations and International Standards contain/provisions which, through reference in
provisions of this Recommendation | International Standard. For dated references, only the edition citg

For undatgd references, the latest edition of the referenced document (including any amendments) applies. At t
publicatign, the editions indicated were valid. All Recommendations and Standards are subject to revision, and
agreements based on this Recommendation | International Standard are encouraged to investigate the pos
applying the most recent edition of the Recommendations and Standards listed below. Members of IEC and 1S(
registers gf currently valid International Standards;Jhe Telecommunication Standardization Bureau of the ITU
a list of cyirrently valid ITU-T Recommendations:

2.1

2.2

© ISO/IEC 2021 - All rights reserved

Identical Recommendations.| International Standards

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

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

Recommendation ITU-T T.84 (1996) | ISO/IEC 10918-3:1997, Information technology
compression and coding of continuous-tone still images: Extensions., including Rec. IT
(2996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Information technology

compression and coding of continuous-tone still images: Extensions — Amendment 1: Provision

ed image

sed image

this text,
d applies.
he time of
parties to
Bibility of

maintain
maintains

- Digital
— Coded

- Digital
U-T T.84
Digital
5 to allow

fegistration of new compression types and versions in the SPIFF header.

Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG 2000

image coding system: Core coding system.

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

system — 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
coding system — Image coding specification.

Paired Recommendations | International Standards

XR image

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

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

independent code points.

2.3 Additional references

Recommendation ITU-T T.42 (2003), Continuous-tone colour representation method for facsimile.

Recommendation ITU-T T.45 (2000), Run-length Colour Encoding.

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

Part 2-1: Colour management — Default RGB colour space — sSRGB, plus its Amendment 1: 200

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

IETF RFC 1321 (1992), The MD5 Message-Digest Algorithm.

3.
ent — Part

HETFRFC2636(1999) Cryptographiciviessage-Syntax:
ISO 3166-1:2020, Codes for the representation of names of countries and their subdivisions
Country codes.

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

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

ISO 22028-2:2013, Photography and graphic technology — Extended’ colour encodings for dig
storage, manipulation and interchange — Part 2: Reference outputumedium metric RGB col
encoding (ROMM RGB).— ISO/IEC 10126-2:2010, Image technology colour management — Ar:
profile format and data structure — Part 1: Based on ICC.1:2010¢

ISO/IEC 15938 (all parts), MPEG-7.

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

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

ANSI X9.30.2:1997, Public Key Cryptography for the Financial Services Industry — Part 2: Th
Hash Algorithm (SHA-1).
http://www.itl.nist.gov/fipspubs/fip18052.htm

— Part 1:
— Part 2:
2: DEA

tal image
DUr image
hitecture,

ng system

thmetic.
P Secure

Federal Information Processing Standard Publication (FIPS PUB) 186-4 (2013), Digital Signatdire

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

PIMA 7667:2001. Photography-Electronics still picture imaging-Extended sRGB color encodin
https://www.imaging.ord/site/IST/Standards/IST/Standards/T C42.aspx?hkey=487699a5-8464-4

j e-SRGB.
f17-

8eac-fadecd3ed20c

W3C Recommendation. Extensible Markup Language (XML 1.0), fifth edition (26 Novem
https://www.w3.org/TR/xml/

W3C Recommendation. Namespaces in XML, (14 January
https:/Mww.w3.0rg/TR/1999/REC-xml-names-19990114/

W3C Recommendation, XML Schema Part1l: Structures second edition (28 Octob
https://lwww.w3.0rg/TR/xmlschema-1/

er 2008).
1999).

br - 2004).

W3C Recommendation. XML Schema PartZ: Datatypes second ediion (28 Ocio
https://www.w3.0rg/TR/xmlschema-2/

3 Definitions

per 2004).

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

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

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

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

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

3.11 dependency transformation array: Array of coefficients that maps the jinput components of a component
collection|to the output components of the collection via a multiple component dependency transformation.

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

3.13 HX sub-band: Sub-band obtained by forward horizontal high-pass analysis filtering and no verticgl analysis

filtering, and which contributes to reconstruction with inverse horizantal-high-pass synthesis filtering and r{o vertical
synthesis filtering.

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

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

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

3.17 P X file: Name of file in the file farmat described in this Recommendation | International Standard. Stfucturally,
a JPX filelis a contiguous sequence of bexes.

3.18 L X sub-band: Sub-band ‘obtained by forward horizontal low-pass analysis filtering and no verticdl analysis
filtering, pnd which contributessto reconstruction with inverse horizontal low-pass synthesis filtering and rjo vertical
synthesis filtering.

3.19 metadata: Additional data associated with the image data beyond the image data.

3.20 namespacey Collection of names, identified by a URI, that allows XML documents of different sources to use
the same ¢lement:nrames within a single document to avoid element name conflicts.

3.21 pffset array: Array of coefficients containing offsets which are added to intermediate components during
multiple ceﬂﬁrpeﬁeﬁ{-&raﬁﬁe«maﬂeﬁ-ef-a-eerﬁpemﬁi-ee%eﬂeﬂ—’r

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

3.23 rendered result: Result generated by combining the compositing layers in the JPX file, either by composition
or animation.
3.24 resolution: Spatial relation of samples to a physical space.

NOTE — In this Recommendation | International Standard, the decomposition levels of the wavelet transformation create resolutions
that differ by powers of two in either just horizontal, just vertical or both horizontal and vertical directions. The last (highest)
decomposition level includes either an LL, LX or XL sub-band which is considered to be a lower resolution. Therefore, there is
one more resolution level than decomposition levels.

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
filtering, and which contributes to reconstruction with vertical low-pass synthesis filtering and no inverse horizontal
synthesis filtering

4 Abbreviations

For the pdrposes of this Recommendation | International Standard, the following abbreviations apply. The abbyreviations
defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause 4 also apply to this Recommendation.|\fnternational 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 transfQrmation marker
MCO Multiple component transformation’ordering marker
MCT Multiple component transforfnation definition marker
NLT Non-linearity point transformation marker

uuliD Universal Unique Idéntifier
VMS Visual masking-marker

5 Conventions

In this Recommendation, | “nternational Standard, the word "shall" is used to express mandatory requirements for
conformapce to this Spécification. When used to express a mandatory constraint on the values of syntax elemgnts or the
values of ariables derived from these syntax elements, it is the responsibility of the encoder to ensure that the [constraint
is fulfilled. The word*'may" is used to refer to behaviour that is allowed, but not necessarily required. The word "should"
is used t@ referyto behaviour of an implementation that is encouraged to be followed under anticipated ordinary
circumstaT\ces, but is not a mandatory requirement for conformance to this Specification.

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

6 General description

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

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital still images, or multi-component images. This set of
methods 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 extension of the code stream syntax is described in Annex A ThIS extenS|on provides all the codestream S|gnaII|ng in
this Recommenda ations that
include this Recommendation | Internatlonal Standard as a normatlve reference In addition to the codestre m syntax
defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, the following capabilities are supported: variable DC-0ffsef, variable
scalar qugntization, trellis coded quantization, visual masking, arbitrary decomposition, arbitrary transformaticn kernels,
single sampple overlap, multiple component transformations, non-linear transformation, arbitrary regions'of interest. These
extended markers conform to the same rules as the syntax in Rec. ITU-T T.800 | ISO/IEC 15444-1x

6.1.2 \Variable DC offset

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

6.1.3 \Variable scalar quantization

An extengion that provides for variable scalar quantization is descfibed in Annex C. This extension allows $maller or
larger deajdzones to be used with the scalar quantizer. This technigué may improve visual appearance of low levgl texture.

6.1.4 Trellis coded quantization

An extendion of the quantization is described in Annex B} This extension provides for trellis coded quantizatign (TCQ).
The TCQ| algorithm applies spatial-varying scalar guantization to its input sequence by choosing one of fpur scalar
quantizerg for each sample. Quantizer indices fromSupersets of these quantizers along with quantizer transitipns in the
form of aftrellis provide all information necessaty to reconstruct TCQ encoded wavelet coefficients.

6.1.5 \Visual masking

An extendion which provides for visual masking is described in Annex E. Visual masking is a mechanism wherk artefacts
are maskqd by the image acting as a-background signal. The main goal is to improve the image quality, esp¢cially for
displays. The first effect of this-technique is to improve the image quality, where the improvement becomes grepter as the
image beqomes more complex;-Fhe second main effect of this technique is that for a given fixed bit-rate, the imgge quality
is more rdbust against variations in image complexity. This is accomplished at the encoder via an extended non-linearity
interposed between the)transformation stage and the quantization stage.

6.1.6 Arbitrary-decomposition

An extendior providing for arbitrary decomposition of the tile component is described in Annex F. This extgnsion can
control the_bandpass extent of wavelet sub-bands and thus provide control over the decorrelation process in order to tune
compression performance. This extension also allows for transcoding of other wavelet based compression algorithms into
codestreams of this Recommendation | International Standard.

6.1.7 Arbitrary wavelet transformation

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

6.1.8 Single sample overlap discrete wavelet transformations

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

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

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

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

6.1.10  Non-linear transformation

Annex K specifies three non-linear point transformations that are used after decoding processes and inverse multiple
component transformations to map reconstructed values back to their proper range. These transformations may be
employed by encoders prior to multiple component transformation and encoding to increase compression efficiency. The
first two transformatlons gamma and look-up table (LUT) style non- Ilnearltles can be used to perceptually flatten a
nich maps
brs,

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

6.1.12 [File format

An extendion of the file format is described in Annex M. This extension provides-for the exchange of compresped image
files betwgen application environments. This extension is an optional file format;called JPX, that applications may choose
to use to|contain JPEG 2000 compressed image data. JPX is an extension to the JP2 file format defined in Rec.
ITU-T T.800 | ISO/IEC 15444-1, Annex . The format:

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

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

1) specifies a mechanism by which metadata (including vendor specific information) can be included in files
specified by this Recommendation.} tnternational Standard;

b5)  specifies a mechanism by whieh“multiple codestreams can be combined into a single work, by methods
such as compositing and animation.

6.1.13 |[Metadata definitions

Metadata [definitions are describedin Annex N. Metadata is additional information that is associated with the primary
data (the {mage). In the context.of this Specification, it is "additional data linked with the image data beyond [the pixels
which deffine the image". Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be cqnsistently
maintainef throughout.the image lifecycle. In today's environment of image editing applications, rapid transniission via
the Interngt, and high\guality photographic printers, the lifecycle of a digital image may be very long as well agcomplex.

6.2

The relations; s i i i
Rec. ITU-T T.800 | ISO/IEC 15444 1are |nd|cated in the boxes

Relation between extensions

scribed in
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Entropy coder Wavelet
(Part 1) 4 (Part 1)
N ROI Quantization | | Visual masking Transformation
(Part 1) (Part 1) (Annex E) (Annexes G
and H)
N ROI vSQ n
(Annex L) (Annex C)
TCQ N
(Annex D)
A >
Decomposition j L SSO TSSO RCTICT j L vDCO . L Non-linpar j
(Annjex F) (Annex I) (Part 1) (Annex B) (Annex [K)
All cdnnections Multi-comp.
use "OR" logic. (Annex J)
Syntax (Annex A) |
File format (Annex M), Metadata (Annex N) |
T.801(21)_F6-1

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,
syntax. These markers provide all the codestream signalling in this Recommendation | International Standard.

Annex A
Further, it

anticipates signalling needed for future specifications that include this Recommendation | International Standard as a

normative reference.

All positiye (unsigned) integer values of parameters are placed in the codestream as unsigned integers. All othdr (signed)
integers afe expressed in two's complement. Unless otherwise indicated, all values are in big endian order.
In the tables of this annex, the symbol "r" denotes bits that are reserved, and the symbol "x" denotesbits'whose|value can
be either ¢ or 1
For codestreams conforming to this Recommendation | International Standard alone, the valug:of each bit derjoted with
an "r" shajl be 0.
NOTE}- The behaviour of implementations that conform to this Recommendation | International Standard is left unspegified when
procesging a codestream where the value of any bit denoted with an "r" is not 0.
Al Extended capabilities
The syntak in this annex supports the extensions in this Recommendation | laternational Standard. These marker segments
conform to the same rules as the syntax in Rec. ITU-T T.800 | ISOAEE 15444-1, Annex A. The addition of parameter
values to $ome marker segments in Rec. ITU-T T.800 | ISO/IEC 15444+1 and the addition of new marker segmefts signals
the information specific to the extensions in this Recommendatian | International Standard. In every marker segment the
first two pytes after the marker shall be an unsigned valuethat denotes the length in bytes of the marke[ segment
parameters (including the two bytes of this length parametétbut not the two bytes of the marker itself). Wher] a marker
segment that is not specified in this Recommendation | International Standard or in Rec. ITU-T T.800 | ISO/IEC 15444-
1 is encogntered in a codestream, the decoder shall use the length parameter to discard the marker segment. [Table A.1
shows thel marker segments affected by this Recomimendation | International Standard.
TablezA.1 — Syntax support for extensions
Extended Rec. ITU-T T.800 |
Extension ISO/IEC 15444-1 marker New marker segments
segments

All extengions Siz -

Variable PC offset - DCO

Variable pcalar quantization QCD, QCC, sOoT QPD, QPC

Trellis coded quantization QCD, QCC, sOoT QPD, QPC

Visual masking - VMS

Single sample offset transform SIZ_CQD_CQC —

Avrbitrary 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.
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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

MSB

Value (bits)

LSB Capability

1x00 XXXX XXXX XXXX

Standard is present

At least one of the extended capabilities specified in this Recommendation | International

1x00 xxx0 xxxx xxxl1 | Variable DC offset capability is required to decode this codestream? b)

\faviak [

1x00 x

k] 1abla conloy aliantiootiny hilitv, i vacaead +o A Ao thic dact
T v-atrraort-Starargoantzatorntapantty S HequmtttoatCoatts€oatsatat

1x00 x

kxx xxxXx X1xx Trellis coded quantization capability is useful to decode this codestream®

1x00

bl

kxx xxXx 1xxX Visual masking capability is useful to decode this codestream®)

1x00

X

kxx xxx1 XXXX Single sample overlap capability is required to decode this codestream?

1x00

w

kxx xx1x XXXX Arbitrary decomposition style capability is required to decode this codestteam?

1x00 x

kxx x1Xx XXXX Arbitrary transformation kernel capability is required to decode this codestream?

1x00

X

kxX 1XXX XXXX Whole sample symmetric transformation kernel capability is required to decode this cod

estream?

1x00

kx] XXXX XXXX Multiple component transformation capability is required te’ decbde this codestream?

1x00

k1X XXXX XXXX Non-linear point transformation capability is useful to decode this codestream®

1x00

| XX XXXX XXXX Avrbitrary shaped region of interest capability is requiredto decode this codestream?

X XX

1x00

kXX XXXX XKXX Precinct-dependent quantization is required to décode this codestream?

All other values reserved

3)  "Req
b)  Shal
¢ "Use
the d
4 The
1

1

Lired to decode" implies that no useful data or image can be recanstructed without the use of this capability.
not be used with the multiple component transformation.

ful to decode™ implies that use of this capability would improve the quality of the reconstructed data or image; h
bta or image may be decoded without its use.
P MSBs of Rsiz are used as follows:
—Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities
I — Rec. ITU-T T.801 | ISO/IEC 15444-2 capabilities extended via a CAP marker segment.

pwever,

A2.2

If Rsiz in
ITU-TT.
| ISO/IEC]

Start of tile-part (SOT) extended

Hicates that the precinct-dependent quantization capability is used, then the SOT marker segment
00 | ISO/IEC 15444-1, AnneX A, is extended to allow 1-65535 tile-parts. Table A.3 replaces Rec. IT
15444-1, Table A.5, and-Table A.4 replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.6.

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

Parameter Size (bits) Values

SOT 16 0xFF90
Lsot 16 10

rom Rec.
J-T T.800

1501 10 U-00 o554

Psot 32 0, or 14-(2%2-1)
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)
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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 RsiZ field of the S1Z marker segment indicates that the multiple component transformations are used, then [Table A.8
replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.17.
If the Rsiz field of the SIZ marker segment indicates that the arbitrary transformation kernels are used; then Tjable A.10
replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.20.
If the Rsi4 field of the SIZ marker segment indicates that the single sample overlap transformation capability is pecessary,
then an extra 8 bit field is added to Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.13 after the transformatign field as
shown in [Table A.7. The SSO values are found in Table A.11.
If the Rsiz field of the S1Z marker segment indicates that the arbitrary decomposition styles are used then the maximum
number of decomposition levels field definitions are found in Table A.9 rather-than in Rec. ITU-T T.800 | ISO/IEC
15444-1, [rable A.13. This is shown in Table A.7.
Table A.5 — Coding style parameter values for the Scod parameter
Values (bits) ;
MSB  LSB Coding style
rrxx xxx0 Entropy coder, precincts with PPx = 15 and PPy = 15
rrxx xxx1 Entropy coder.with precincts defined below
rrxx xx0x No SOP marker segments used
rrxx xx1x SOP mjarker segments may be used
rrxx x0xx No EPH marker used
rrxx x1xx EPH marker shall be used
rrxx 0xxx Offset in the horizontal dimension, z, = 0 (CBAP)
rrxx lxxx Offset in the horizontal dimension, z, = 1
rrx0 xXxx Offset in the vertical dimension, z, = 0 (CBAP)
rrx{ pHxx Offset in the vertical dimension, z, = 1
Frix xxxx Block coder extensions not used
Trlx xxXxx Block coder extensions defined by SXcod
All other values reserved
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
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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
Code-block style 8 Rec. ITU-T T.800 | ISO/IEC Style of the code-block coding passes
15444-1,
FapleA-19
Transform 8 Table A.10 Wavelet transformation used
SSO oveflap 16 Table A.11 SSO overlap values
Precinct gize variable | Rec. ITU-T T.800 | ISO/IEC If Scod or Scoc = xxxx xxx0, this pdrameter is npt
15444-1, present, otherwise this indicates precinct width gnd
Table A.21 height. The first parameter (8 bits) corresponds tp the
N_LL, N LX, or N XL sub-band. Each successiye
parameter corresponds toleaeh successive resolufion in
order.
Table A.8 — Multiple component transformation for the SGcod parameters
Vallpes (bits) . .
MSB LSB Multiple component tfansformation type
0000 0pOO No multiple component transformation specified.
0000 0pO1 Component transformation used on companents 0, 1, 2 for coding efficiency.
Irreversible component transformationused with irreversible filters.
Reversible component transformation.used with reversible filters.
0000 0k10 Array-based multiple componentitransformation is used. May be combined with wavelet-basgd
multiple component transform.
0000 0]x0 Wavelet-based multiple comiponent transformation is used. May be combined with array-based
multiple component transform.
All other values reserved.
Table A.9 — Decomposition for the SPcod and SPcoc parameters, extended
Valles (bits) -
MSB LSB Decomposition type
0000 (0000 Number of levels of wavelet decomposition, dyadic decomposition, N;_ (Zero implies no trangform.).
t
0010 [000O0
1000 (0007 If in the main header: Downsampling factor style index value (1 to 127). (See clause A.3.3.)
t If in tile-part header: Arbitrary decomposition style index value (1 to 127). (See clause A.3.4.
1111 b2
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\ézélues (bltSS)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)
xXxX 0XXX XXXX XXXX TBDWT is not used (shall be the same in every COD marker segment)
x1xx 1xXX XXXX XXXX TBDWT is used (shall be the same in every COD marker segment)
xxxx xkxx xxxx 0000 Cell width exponent value, XC = 2value
to
XXXX XExx xxxx 1111
xxxx Xkxx 0000 xxxx Cell height exponent value, YC = 2value
to
xxxX Xkxx 1111 xxxx
All other values reserved
Table A.11bis — SXcod parameter
M\S/glues (b'tLS)SB Coding style
rrr rerr rrer rr00 No modifications to selective arithmgtic coder bypass mode.
rerreer reer rr01 Selective arithmetic coder bypass modified to start from the 2nd significant bit-plang if bit 0
of SPcod/SPcoc set, as specifiedin Annex P.
rer rerr rrer rr10 Selective arithmetic coder bypass modified to start from the 3rd significant bit-plang if bit 0
of SPcod/SPcoc set, as specified in Annex P.
rerreer rerer rrll Selective arithmetic eoder bypass modified to start from the 4th significant bit-plang if bit 0
of SPcod/SPcoc set;;as specified in Annex P.
All other valuesreserved.
A.2.4  Quantization (QCD, QCC),extended
If Rsiz inglicates that the variable scalar quantization (see Annex C) capability is used, then the deadzone adjyistment is
signalled jin modified QCD and.Q€C marker segments from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A. If Rsiz
indicates that trellis coded guantization is used, then these values are also signalled via the extended QCD Jand QCC
marker sggments from Ree JITU-T T.800 | ISO/IEC 15444-1, Annex A. This shall only be used with ifreversible
transformptions.
Table A.12 replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.28, and Table A.13 replaces Rec. ITU{T T.800 |
ISO/IEC 15444-%;-TFable 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.
xxx0 0011 Variable deadzone and scalar derived (values signalled for 32 Table A.13
N LL sub-band only). Use Rec. ITU-T T.800 | ISO/IEC
10444-1, I:qud.liUll £-0.
xxx0 0L00 Variable deadzone derived and scalar expounded (values 16 Table A.14 ther Table A.15
signalled for each sub-band). There are as many step sizes
signalled as there are sub-bands.
xxx0 0p01 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 1p01 Trellis coded quantization derived (values signalled for 16 Rec. ITU-T T.800) | ]SO/IEC
N_LL sub-band only). Use Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex A
15444-1, Equation E-5.
xxx0 1p10 Trellis coded quantization expounded (values signalled for 16 Rec. ITU-T T.800 | IBO/IEC
each sub-band). There are as many step sizes signalled as 15444-1, Annex A
there are sub-bands.
000x xkxx Number of guard bits 0-7.
to
111x xRxx
All other values reserved.
Table A.13 — Quantization valuesi(irreversible transformation only), extended
Values (bits) . - .
MSB sk Deadzone adjustment and quantization step sizq values
0000 0OpPOO 0000 0000 =xxxx XXXX\|KKXx XXXX Variable deadzone, num_nzy, value —32 768-32 767
to (see Equation C-1)
1111 IP11 1111 1111 xXXXXp XHRXX XXXX XXXX
XXKX XKXX XXXX XXXX xZxg x000 0000 0000 Mantissa, p,, of the quantization step size value 0-2 §47
to (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation [E-3)
XXXX XEXX XXXX XXX xxxx x111 1111 1111
XXXX XEXX XXXz-~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)
XXXX XKxX (x3xx xxxx 1111 1xxXX 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 x111 1111 1111

xxxx x000 0000 0000 After first two bytes of SPgcx are the mantissa, p,, of the quantization step size value

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

0-2 047

1111 1xXXX XXXX XXXX

0000 Oxxx XXXX XXXX After first two bytes of SPqcx are the exponent, g, of the quantization step size value

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

0-31

A.2.5 Region of interest marker (RGN), extended

If Rsiz in
mask are
replaces R
Srgn = 0,
componer
non-zero
compone

When use

for that tile. Also, an RGN specifying a single component (Crgn = 65 535) overtides on specifying all cg

(Crgn = 6

where the

ICates that an arbitrary region ort Interest IS used (see Annex L), then the aescription oT a Coetricien

S5rgn value, there shall not be any RGN marker segment anywhere in the codestreanwith a Srgn 3
t given by the corresponding Crgn value.

d in both the main header and the first tile-part header, the RGN in the first tite, part header override

b 535). Thus, the order of precedence is the following:

Main RGN (Crgn = 65 535)

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

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

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

Table A.1Z5Component index parameter value for the Crgn parameter

hift and a

ignalled in a modified RGN marker segment from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex/A. Tlable A.16
ec. ITU-T T.800 | ISO/IEC 15444-1, Table A.25. If there is RGN marker segment in the main)heagler with a
there shall not be any RGN marker segment anywhere in the codestream with a non-zere*Srgn value for the
t given by the corresponding Crgn value. Likewise, if there is RGN marker segment inithe'main header with a

0 for the

the main
mponents

Tile-part RGN (Crgn = 65 535) > Tile-part RGN (Crgn = 65.535) > Main RGN (Crgh = g5 535) >

Parameter Size (bits) Values Components index parameter
Compongnt 16 0-16 383 Specifies component to which these region of interest descriptiong apply
16 394-65 354 Reserved
65 535 Region of interest descriptions apply to all components
Table A.18 — Region-of-interest values from SPran parameter (Srgn = 1 or Sragn = 2)
Parameter 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

:2021 (E)

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 OxFF74 optional optional
Multiple component collection MCC OXFF75 optional optional
Multiple Fomponent transformation ordering MCO OxFF77 optional optional
Non-linegrity point transformation NLT OxFF76 optional opfional
Quantization default, precinct QPD OxFF5A optional optional
Quantization component, precinct QPC OxFF5B optional optional
Precinct length, tile-part header RLT OxFF94 no opfional
8  “gptipnal" means it may be used in the header if this extension is used. "no" means it shall nevef/b¢ present in the hedder.
A.3.1 |Variable DC offset (DCO)
Function| Describes the variable DC offset for every component.
Usage: Present only if the variable DC offset capability bit in the Rsiz parameter (see clause A.2.1) is a one vglue. Main
and first t|le-part header of a given tile. Optional in both the main and tile-part headers. No more than one shallf appear in
any headdr. If present in the main header, it describes the variable D€ effset for every component in every tile.|If present
in the firsf tile-part header of a given tile, it describes the variable DC 0ffset for every component in that tile oply. When
used in bqth the main header and the first tile-part header, the DEO in the first tile part header overrides the mgin for that
tile. Thus| the order of precedence is the following:
Tile-part DCO > Main DCO
where the|"greater than" sign, >, means that the greater overrides the lesser marker segment.
Shall not pe used with the multiple component transform.
Length: Yariable depending on the number(of components. The syntax is depicted in Figure A.1.

1
e

DCO Ldco

Sdco
SPdco -
SPdco

T.801(21)_FA.1

Figure A.1 — Variable DC offset syntax

DCQ7 » Marker code. Table A.20 shows the size and parameter values for coding style compons
segment.

nt marker

dco:  Lengih of marker segment In Dytes (not Including the marker). The value of this pa
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.

ameter is

(A-1)

NOTE - If Ldco were to be larger than 65 535, then the DCO marker segment cannot be used. Instead, multiple

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

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021)
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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 numbers as used in the Rec. ITU-T T.801 | ISO/IEC 15444-2 codestream have to be written in big-end

using the

for single

for doublg

NOTE
endian

A.3.2
Function

Usage: P
Optionall
componer
segment i
a single g
precedend

Table A 2T — Variabte DCoffset Parameter values 10" the SAco 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

Following bit-assignments for encoding the floating point numbers:
SEEE EEEE EMMM MMMM MMMM MMMM MMMM MMMM

precision IEEE numbers, where S = sign bit, E = expenent bits, M = mantissa bits
SEEE EEEE EEEE MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM MMMM

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

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

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

esent only if the visuak masking capability bit in the Rsiz parameter (see clause A.2.1) has the

used in the main and/for the first tile-part header of a given tile. No more than one VMS marker seg
t shall appear in any-header. When used in both the main header and the first tile-part header, the VN
N the first tile patt header overrides the one in the main header for that tile. A VMS marker segment
omponent (Cvms = 65 535) overrides on specifying all components (Cvms = 65 535). Thus, th
e is the following:

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

ian order,

MMMM

ng for big-

alue one.
ment for a
IS marker
pecifying
b order of

5 535) >

where the

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

Length: Fixed. The syntax is depicted in Figure A.2.

16

VMS Lvms Cvms

Svms
Wvms
Rvms
Avms
Bvms

T.801(21)_FA.2
Figure A.2 — Visual masking syntax

VMS:
segment.

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

Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved
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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 0-255

Table A.23 — Component parameter value for the’Cvms parameter

Values Component/index parameter
0-16 383 Specifies component to which/ithese 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 Mirimum 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)

Function| Describes the arbitrary decomposition pattern for the lowest resolution sub-band for all tiles qf a given
componeipt.

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

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

£ | @ (L
DFS Ldfs 2= “DO
T.801(21)_FA.3

Figure A.3 — Downsampling factor styles syntax

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 17
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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.
Ddfs:  String defining the number of decomposition sub-levels. The two bit elements are packed into bytes
in big endian order. The final byte is padded to a byte boundary.
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)
Function| Describes the arbitrary decomposition pattern for a tile-component or all tile-components within a single tile.
Usage: Pesent only if the custom decomposition style capability bit in the Rsiz parameter (see clause A.2.1) is a one
value. Shall not be used to describe the decomposition describedyn Rec. ITU-T T.800 | ISO/IEC 15444-1, Anngx F. Main
and first jle-part header of a given tile. There may be up te,127 such marker segments with unique index vajues. If an
index valle is found in a tile-part header, then it is used«instead of an ADS marker segment in the main headgr with the
same indgx value. These are assigned to a particular\tile-component via the parameter in the COD or CQC marker
segments [found only in a specific tile-part header.
Length: Yariable. The syntax is depicted in Eigure A.4.
z| B % 2z %
ADS Lads 3 QN ’é’ L% / ‘g“
. T.801(21‘);FA.4
Figure A.4 — Arbitrary decomposition styles syntax
ADS: ~\Marker code. Table A.26 shows the size and values of the symbol and parameters for coding style,
default marker segment.
L'ads:  Length of marker segment in bytes (not including the marker). The value of this pafameter is
determined by the fotftowing equation:
Lads = 5 + [IOadsl-ISads] (A-3)
Sads:  The index of this ADS marker segment. This marker segment is associated with a component via the
parameter in the COD or COC marker segments found in that tile-part header.
10ads: Number of elements in the string defining the number of decomposition sub-levels.
DOads: String defining the number of decomposition sub-levels. The two bit elements are packed into bytes
in big endian order. The final byte is padded to a byte boundary.
ISads:  Number of elements in the string defining the arbitrary decomposition structure.
DSads: String defining the arbitrary decomposition structure. The two bit elements are packed into bytes in
big endian order. The final byte is padded to a byte boundary.
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

Arbitrary transformation kernels (ATK)

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

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

value. M

din and first tile-part header of a given tile. May be up to 254 marker segments in any headér} A markdr segment

in the tilefpart header with the same index as one in the main header overrides the main header marker segment. Table
A.27 desdribes the arbitrary transformation parameter values.
Length: Yariable. The syntax is depicted in Figure A.5.
N / Y/ / e |4 Z
S o " i) = g =} g E E g
ATK || Latk sak |E|F|EVEE] BB = O\ %%fégé e
:dZ-o_-mm__,q: <_\% Ol g2l ==l BTl TR <
/ k.
J.801(21)_FA.5
Figure A.5 — Arbitrary transforpiation default syntax
ATK:  Marker code. Figure A.5 shows the sizesand values of the symbol and parameters fon arbitrary
transformation marker segment.
Latk:  Length of marker segment in bytes-(not including the marker). The value of this pafameter is
determined by the following equation:
Natk—1
8 + 2Natk + sizeof (Coeff_ Typ)| 1+ Z LCatk® WT_Typ = IRR, Filt_Cat = ARB
s=0
Natk—1
2+ Natk + sizeof (Coeff_Typ)| 1+ »_ LCatk® WT _Typ = IRR, Filt_Cat =WS
Latk = s=0 (A-4)

fdsl

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

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

Natk-1

s=0
Natk—1

s=0

Satk:

Katk:
Natk:
Oatks:

Eatks:

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

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.

© ISO/IEC 2021 - All rights reserved 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
ATK 16 OXFF79
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 =3
128 WT_Typ = IRR, Coeff_Typ T4
Natk 8 0-255
Oatk® 0 Filt_Cat=WS
8 —-128-127; Filt .€at= ARB
Eatk® 0 WT_Typ =IRR
8 0-255; WI-Typ = REV
Batk® 0 WT_Typ=IRR
8 Coeff 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)
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
rxxx xxxx 1111 1111
rxxx x000 XXXX XXXX Parameters 8-bit signed integer, Coeff_Typ =0
rxxx X001 XXXX XXXX Parameters 16-bit signed integer, Coeff Typ=1
rxxxX xp+6 Parameters-32=bit Iuim:uy ﬂuaﬁllg puillt (ESG/EEC/EEEE 60559), Cucf'f_Typ =2
rxxx xP1l1l xxxx XXXX Parameters 64-bit binary floating point (ISO/IEC/IEEE 60559), Coeff Typ =3
rxxx xl00 xxxx XXXX Parameters 128-bit binary floating point (ISO/IEC/IEEE 60559), Coeff_Typ =4
rxxx ORXX XXXX XXXX Avrbitrary filters, Filt_Cat = ARB
rlxx 1RXX XXXX XXXX WS filters, Filt_Cat = WS
rxx0 XEXX XXXX XXXX Irreversible filter, WT_Typ = IRR
rxx]l XEXX XXXX XXXX Reversible filter, WT_Typ = REV
rx0X XKXX XXXX XXXX Modify even-indexed subsequence in first reconstruction step, mjnit = 0
rxlx XEXX XXXX XAXX Modify odd-indexed subsequence in first reconstructior step, mj,;; = 1
r0xx OKXX XXXX XXXX Boundary extension method used in lifting steps isg'censtant, Exten = CON
rl1xx XEXX XXXX XKXXX Boundary extension method used in lifting stepg’is,whole-sample symmetric, Exten|= WS
All other values reserved
A.3.6  [Component bit depth definition (CBD)
Function| Defines the bit depth of reconstructed image cemponents coming out of any multiple cpmponent
transformption process.
Usage: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1) is a
one valuel Main header. The CBD marker segment is-required if the multiple component transformation professes are
used. At most there can be one CBD in the main header.
The presence of a CBD marker segment in ascodestream alters the procedures used to determine the precision| of output
image corhponents and the interpretation oflthe SIZ marker. See Annex J for further details.
Length: Yariable depending on the number of reconstructed image component bit depths signalled. The syntax is depicted
in Figure A.6.
< | =)
CBD | Lebd | [/2] |8
Z /8 a
a /A
T.801(21)_FA.6
Figure A.6 — Component bit depth definition syntax

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

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

_ 5 Ncbd = 1XXXXXXXXXXXXKKX )
Lmet = {4 + Ncbd 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.
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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) Number of reconstructed image component bit depths in marker

MSB LSB
x000 0pU0U U000 OU00UI NUMDET of TECONSITUCTed Image components (1-16 384)
to
x100 0pOO 0000 0000
0XxXX XKXX XXXX XXXX Bit depths included, one per reconstructed image component

1xxX XKXX XXXX XXXX One bit depth included, applies to all reconstructed image components
All other values reserved
Table A.31 — Component bit depth definition values for the BDcbd' parameter
\Values (bits) . .
NISB LSB Reconstructed image component bit depths
000 0000 Component sample bit depth = value + 1. Froml bit deep through 38 bits deep respedtively.
to

2010 0101

0xXX XXXX Component sample values are unsigned values

1 XXX XXXX Component sample values are signed values

All other values reserved

A.3.7  [Multiple component transformation definition (MCT)
Function| Defines one multiple component transformation array per marker segment. The type and index of| the array
defined in this marker distinguishes it from other MCT marker segments in a given header. This array can be apsigned to
a collectign of components within the MCO 'marker segment.
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-parttheader of a given tile. An MCT marker segment in a tile-part header overrides a main
header MCT segment for that tile if and only if the ten low-order bits of the Imct fields of both marker segments are
identical.
A series df MCT markersegments (defined as having the same Imct value in the same header and a Ymct > () shall all
appear in the same header in order of (consecutive) Zmct parameter values.
To apply|the transformation array included in an MCT marker segment, an MCC marker segment shall [exist that
associated the’/MCT marker segment with a component collection. This association is made through the array [definition
index of the-MEF-marker-segment-and-the-—Fmeelfields-of-MEEC-markersegments—H-ro-steh-MEES—marketr segment

exists, then the transformation array included in the MCT marker segment shall not be used in the decoding process.

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

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

© ISO/IEC 2021 - All rights reserved



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

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
be MCT marker segment with Zmct parameter values of 0 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).

SPmct':

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 marker
segment. The number of elements in a row and the number of rows (elements' ina cojumn) are
determined by the type of array and the number of the input and output components to Which it is
assigned.

Table A.32 — Multiple component transformation definition parameter values

Parameter Size (bits) Values
MCT 16 OxFF74
Lmct 16 6-65 535
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

M9 g/alues (b'ts)LSB Index of the array definition, type and parameter type
rrrr xkxx 0000 0001 Index of the array definition, 1-255
to
rrrr xkxx 1111 1111
rrrr xk00 XxXXX XXXX Dependency transformation array type
rrrr xk01 XXXX XXXX Decorrelation transformation array type
rrrr xR10 xxxr~XxXx Offset array type
rrrr OPxXx XXX XXXX Array elements are 16 bit signed integers
rrrr Olxx ®¥xX XXXX Array elements are 32 bit signed integers
rrrr 1PxX"XXXX XXXX Array elements are 32-bit binary floating point (ISO/IEC/IEEE 60559)
rrrr 11Xx XXXX XXXX Array elements are 64-bit binary floating point (ISO/IEC/IEEE 60559)
All other values reserved
A.3.8  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

i
1
. im
i

Xmcc

vy 7/ i i
Ymee' | Qmee’, Nmcc 1 Mmece

Imcc

Zmcc

Tmec _ Omc'c" .

Wmce
Wmee -

Cmcc-.
Cmcc

24

MCC:

Lmcc:
Zmcc:

Imcc:

'Ymcc:

Qmcc:

Xmcc':

Nmcci:

Cmccil:

n
nj

. nm
nj
nm

n
Nmcc Mmce

“Xmce. -

n \ ! . “n
Tmce % Omce

~Cimee -
Cmce
Wmcc .
Wmcce

[801(21)_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 markep):

Index of this marker segment in a series of MCC marker‘segments. All the marker segmegnts in the
series have the same Imcc parameter value present in this header. The data in each subsequient MCC
marker segment shall be appended, in order, to make ore 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 martkér segment, or series, with a given Imcc vglue in the
tile-part header overrides a main header MCC ‘marker segment, or series, with the same Imcc value.

Index of the last number of MCC marker segment in the series. For every series of MJC marker
segments (i.e., MCC marker segments:in this header with the same Imcc parameter value), there shall
be MCC marker segment with Znicc 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 series
(Zmcc = 0).

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

Indicates type of multiple component transform used for the ith component collection (Wavelet or
array-based decorrelation or array-based dependency). Defines the interpretation applied t¢ Tmcc.

Indicates-the’number of input components for the ith component collection and defines the pumber of
bits (8 0r-16) used to represent the component indices in ith collection.

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

Aracel:
\ALERA 2

Wmccl:

Tmcc':

Ladicatac tha numbhaor of ottt intarmadiatn camnanante for tha ith comnanant ~allactinn o 1d def'nes
oo tHC-TToT ot STt Tt e T e STt eSO TP O e tS ToT e Tt SO P oreriT corcotorT™

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

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

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

For wavelet-based component collection transforms, Tmcc' assigns a wavelet kernel defined in Rec.
ITU-T T.800 | ISO/IEC 15444-1, Annex A or an ATK marker segment and the number of wavelet
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
McCC 16 OXFF75
L mece 16 C.Q5 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 0-16 383
Xmecl 8 Table A.35
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 collection values for the Xmcci parameter

Valugs (bits) . i
vsel Lse Coding style Tmcc' pargmeter
rrrr r{00 Component collectiontransform is array-based dependency transform Table A}38
rrrr ry0l Component collection-transform is array-based decorrelation transform Table A}38
rrrr ryll Component colléction transform is wavelet-based transform Table A}39
All other values-reserved

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

MS

Values (bits)
B LSB

Coding style

Oxxx x

KX AKXXX XXXX
(e}

Input component collection indices (Cmcc') are 8 bit integers
Input component collection indices (Cmcc') are 16 bit integers

IXXX XXXX XXXX XXXX

x000 0000 0000 0001

to

x100 0000 0000 0000

Number of input components in ith component collection (1-16 384)

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

Values (bits)

MSB LSB

Coding style

OXXX XXXX XXXX XXXX

to

IXXX XXXX XXXX XXXX

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

© ISO/IEC 2021 - All rights reserved
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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
Yrrr rrrx xXxxx xxxx 1111 1111
rrrr rrrx 0000 0000 xXXXX XXXX No assigned offset array (NULL array)
rrrr rkrx 0000 0001 xxxXx XxXxXX Offset array Index
to
rrrr rfrx 1111 1111 XXXX XXXX
rrrr rfr0 XXXX XXXX XXXX XXXX Decorrelation or dependency transform is irreversible
rrrr rfrl 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) .
VISB LSB Coding style
XXxx Xkxx xxxx xxxx 0000 0000 Rec. ITU-T T.800 | ISO/IEC 15444-1 9-7 irreversible filter
XXxxX Xkxx xxxx xxxx 0000 0001 Rec. ITU-T T.800 | ISO/IEC 15444-1 5-3 reversible filter
XXXX Xkxx xxxx xxxx 0000 0010 Index of the ATK marker.Segment containing the wavelet kernel for
to component collection
XXXX XRKXX XxxXxX xxxx 1111 1111
xxxx xkxx 0000 0000 xxxXX XXXX Index of MCT marker segment containing additive offsets for comporjent
xxxx xkxx 1111 1111 xXXXX XXXX collection
xx00 0P00 xXXXX XXXX XXXX XXXX Number,of-dyadic wavelet decomposition levels used in the componeft
xx10 0P00 XXXX XXXX XXXX XXXX collection (0-32)
All\other values reserved
A.3.9  [Multiple component transform.ordering (MCO)
Function| Describes the order in which;multiple component transforms are applied during inverse multiple cpmponent
transform|processing.
Usage: Present only if the multiple component transformation capability bit in the Rsiz parameter (see clause A.2.1) is a
one value| At most one MCO marker segment in main and first tile-part header of a given tile. If used in the mgin header,
this markgr segment defifes the default ordering of multiple component transform stages for all tiles. If used |n the first
tile-part Header, then¢the component transform order established by the MCO marker segment overrides any default
ordering defined by a)main header MCO marker segment.
Length: Yariable depending on the number of multiple component transform stages used. The syntax is depicted in Figure
A9,
o |y 24
MCO Lmco E -y 47
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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Function

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

one value

ISO/IEC 15444-2:2021 (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 Imco
parameters shall appear. Otherwise, Nmco specifies the number of MCC marker segment identifiers
that will follow.

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 6=255
Imco! 8 0-255

Non-linearity point transformation (NLT)

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

nts.
\.2.1) is a

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

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

as a defau
in the tile

or to set the non-linearity transformation for a single component.in\that tile. Thus, the order of pre

t for a single component. When used in a tile-part header, it can be uséd to establish a default for all cgmponents

edence is

the following:

where the

Length:

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

"greater than" sign, >, means that the greater overrides.the lesser marker segment.
ariable depending on the value of Tnlt. The syntax is depicted in Figure A.10.
Nt | L | e | 8| E | st
m SIS
TA801'(21)7FA.1O
Figure(A10 — Non-linearity point transformation syntax
NLT:  Marker code-Table A.41 shows the size and values of the symbol and parameters for nop-linearity
point transformation marker segment.

Lnlt: Length_of marker segment in bytes (not including the marker). The value of this pafameter is

determined by the following equation:

0 Tnlt = 0or Tnit = 3
Lnlt=6 + 15 Tnlt =1 , (A-?)
kll + (Npoints- leTval) Tnlt = 2

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.

Cnlt:

The index of the component to which this marker segment relates. The components are indexed 0, 1,
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
shows the values for the BDnlt parameter.

Tnlt: Non-linearity type. Table A.44 shows the value for the Tnlt parameter.
STnlt:  Parameter values associated with the non-linearity as controlled by the Tnlt field.

Table A.41 — Non-linearity transformation parameter values

Parameter Size (bits) Values
NLT 16 OxFF76
Lnlt 16 12-65 535
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 Cnlt parameter

Vglues Components index parameter
0-1p 383 Defines component to which these non-linearity transformation descriptions in this marker segment apply
65[535 Non-linearity transformation descriptions in this marker segment apply to all components
All other values reserved

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

|\\5|as||l3J( s (tlil;sé Decoded image component bit depth
%000 0p00 Component sample bit depth = value +1."From 1 bit deep through 38 bits deep respectively.
to
x010 0]01
0xxxX XKXX Component sample values are-unsigned values
1xxx XKXX Component sample values.are signed values
All other values reserved

Table A.44 — Nonxlinearity transformation parameter values of the Tnlt parameter

,\>|/§1ll3ue s (bll_tgé Meaning of Tnlt values STnlit pisage
0000 0pOO NO non-linearity transformation applied —
0000 0pO1 Gamma-style non-linearity transformation Table |A.45
0000 0p10 LUT-style non-linearity transformation Table |A.46
0000 0OpLL Binary Complement to Sign Magnitude Conversion -

All other values reserved -

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


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

ISO/IEC 15444-2:2021 (E)

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} + L 65 535) 'y exponent (8-bitinteg )
65 535
S 24 0, ..., 65535} | Non-linearity toe slope (8-bit integer + 16-bit fraction
(0, ..., 255)+ 22 65535} 'y toeslope (3-Dit integ )
65 535
T 24 {0, ..., 65535} | Non-linearity threshold (8-bit integer + 16-bit fraction)
{0, ..., 255} —— — "7
65 535
A 24 {0, ..., 65 535} | Non-linearity continuity parameter A (8-bit integer + 16-bit
{0, .., 255} + =3 | fraction)
B 24 o .., . 10, ..., 65535} | Non-linearity continuity parameter B (8-bit integer + 16-bit
Wy 2995 T 65 535 fraction)
NOTE - E, S, and A parameters shall not be zero as the non linearity transformation defined by formula (K-2) is otherwige not
well-defiped.
[Table A.46 — Non-linearity transformation parameter values of the STnlt parameter (Tnlt = 2)
Pa_lrameiers Size (bits) Values Meaning of STnlt values
(in ordgr)
Npoints 16 1-8191 (Number of points — 1) in the LUTStyle non-linearity definitipn (all
other values reserved)
Dmin 32 0-(232-1) Dmin = parameter value A (22-1)
Dmax 32 1-(232-1) Dmax = parameter valug'/ (232-1)
PTval 8 0000 0001 Precision of Tvalu€ parameter in bits (1-32). This also implieg how
to many bytes are used to express the Tvalue (all other values regerved)
0010 0000
Tvalug 8, PTval <8; variable Run of table values for the LUT-style non-linearity. The (Npojnts + 1)
16,9 <PTval <16 pararéters are unsigned integers. The actual value of Tvalue if
32, PTval > 16 Tvalue = parameter value / (2PTval— 1)
A.3.11 Quantization default, precinct (QPD)
Function| Describes the quantization default Gsed for compressing all components of a particular resolution|level and
precinct. The parameter values can be overridden for an individual component, resolution level, and precinct py a QPC
marker segment which, if present, shall.appear in a tile-part header prior to any packets for that component, fesolution
level, and|precinct.
Usage: Mpin and any tile-part header. Several QPD marker segments may appear in any tile-part header, but or|ly one for
each resolution level and precinct. If a QPD is used in a tile-part header it overrides the quantization characteristifs defined
by either QCD or QCC marker segments for all components of the resolution level and precinct indexed by the QPD
within thg scope of the particular tile. Thus, the quantization characteristics of a particular resolution level, pr¢cinct pair
is determined by the-presence of QCD, QCC, QPD or QPC markers in the following order of precedence:
ANy tile-part QPC > Any tile-part QPD > First tile-part QCC > First tile-part QCD >
Main QPC > Main QPD > Main QCC > Main QCD
When QPB-markersegmentsare-usedthey shallappearintile-partheadersbefore-anypacketsarefound-fortHe indexed

resolution level and precinct.

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

depicted i

n Figure A.11.
QPD | Lapd | ' 1'F} & | SPqpd | | SPapd
. T,so%(21)_FA.11

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
5+ 2 - num_subbands_lev quant_expounded AND PLqpd < 128
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

Lgpd =

(A-8)

where num_sub-bands_lev can be derived from clause F.2.4 for each resolution level and whether this

NOTE
is not
require

marker segment nhas no_quant, quant_derived, and quant_expounded 1S signalled In
parameter.

hecessarily a correspondence with the number of sub-bands present because the sub-bands can~pe ‘truncat
Iment to correct this marker segment.

segment is constructed based on the resolution level index, lev, as well asithe precinct inde

lev prec < 256
128 + lev prec = 256

PLqpd = {
The resolution level index, lev, can range from 0 to N, where N is the number of decg
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

will be one byte when the PLgpd parameter isdess than 128, but two bytes when PLgpd
than or equal to 128. This parameter will then just hold the precinct index, prec. The prec

PPqgpd:

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

SPqpd: Quantization step size value forthe ith sub-band at the resolution level, lev, in the order d
lev in F.2.4. The number of, parameters is at least as large as the number of sub-bands i

component with the greatest number of sub-bands at resolution level, lev.

Table A.47~ Quantization default, precinct parameter values

the Sqpd

— The Lqcd can be used to determine how many quantization step sizes are present in the marker segment. However, there

d with no

PLgpd: The resolution level index for the quantization values signalled. Equation A-9*shows how tlis marker

X, prec.

(A-9)

mposition

parameter
is greater
nct index,

prec, can range from 0 to numprecinctss=1, where numprecincts is the number of precincts at
resolution level lev and is also defined~ifYRec. ITU-T T.800 | ISO/IEC 15444-1, clause B.§.

efined for
h the tile-

A3.12

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 A.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:

30

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

Main QPC > Main QPD > Main QCC > Main QCD

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

NOTE
necess
to corr

QPC Lgpc

Cqpe
PLgpc
PPqgpc
Sqpe

SPqpciﬂ ,SPqpcn,

T.801(21)_FA.12

Figure A.12 — Quantization precinct component syntax

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

Lgpc:  Length of marker segment in bytes (not including the marker). The value of this lpajameter is
determined by the following equation:
6+ num_subbdands_lev no_guant 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

Lape = 7+2-num_subbdands_lev quant_expounded AND Csiz>257 AND Plgpc <128 (A-10)
7+num_subbdands_lev  no_quant AND Csiz < 257-AND Plgpc >128
9 quant_derived AND Csiz < 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 Gsiz'> 257 AND Plgpc >128
10 quant_derived, AND Csiz > 257 AND Plgpc >128
8+2-num_subbdands_lev quant_expe.unded AND Csiz > 257 AND Plgpc >128
where num_sub-bands_lev can be derived from clause F.2.4 for each resolution level and whether this
marker segment has no_gquant, guant_derived, and quant_expounded is signalled in |the Sgpc
parameter.

— The Lgpc can be used to determine howsmany step sizes are present in the marker segment. However, there is not

Cqpc:

PLqgpc:

rily a correspondence with the number.6fsub-bands present because the sub-bands can be truncated with no rpquirement
et this marker segment.

The index of the component to which this marker segment relates. The components are indexed 0, 1,
2, etc. (Either 8 or'16 bits depending on Csiz value.)

The resolutiopdevel index for the quantization values signalled. Equation A-11 shows how this marker
segment-is.constructed based on the resolution level index, lev, as well as the precinct indei, 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 decomposition
levels defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause A.6.1.

PPqgpc:

Sqgpc:
SPgpc:

The precinct index for the quantization values signalled. The size of this marker segment parameter
will be one byte when the PLgpc parameter is less than 128, but two bytes when PLgpc is greater than
or equal to 128. This parameter will then just hold the precinct index, prec. The precinct index, prec,
can range from 0 to numprecincts —1, where numprecincts is the number of precincts at resolution
level lev and is also defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.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
Sqpc 8 Table A.12
SPgpc variable Table A.12
A.3.13 [Extended capabilities (CAP)
Table A.49 defines values for the Ccap? field.
Table A.49 — Ccap? syntax and semantics
Values (bits)
MSB LSB Part parameter
LXXX XXXX XXXX XXXX Block coder extensions may be'present, as defined in COD or [COC
marker segments
All other values reseryed
A.3.14 Precinct length, tile-part header (RLT)
Function| Provides a means to discover the locations of precincts-within the tile-part, for progression orders injwhich the
packets of each precinct appear contiguously.
There may be zero or more RLT marker segments in a tile, serving collectively to provide the lengths of all pfecincts in
the tile. RLT marker segments may appear in multipleitile-part headers of the tile, so long as the precincts whopge lengths
they prov|de appear in the same or a later tile-part\header.
NOTE|- if any RLT marker segment appears.ina tile, then the first tile-part header for the tile contains at least one RLT marker
segment.

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

With the possible exception of the.first RLT marker segment within a tile-part, RLT marker segments provide t
of precingts from the tile, in sequential order, including all bytes of the precinct's packets, including any S(

segments pnd/or EPH markers-that may be found with the precinct's packets.

he lengths
P marker

The first RLT marker segment within a tile-part header may, optionally, provide the lengths and contents of all pther RLT

marker segments in.the same tile-part header.

Usage: Mpy appeariin a tile-part header. If present, neither PPM nor PPH marker segments shall be used to cont|
headers fqr the\tile, nor shall the progression order for Spcod, Spcoc and Ppoc parameters of the tile be "Layer-
onent-position progression” or "Resolution level-layer-component-position progression".

level-co

hin packet
Fesolution

Length: Variable. The syntax is depicted in Figure A.13.

32

EEEEEEEs

T.801(21)_FA.13

Figure A.13 — Precinct length, tile-part header syntax

RLT:

Lrlt:
Srit:

unsigned integer.

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

Marker code. Table A.50 lists the size and values of the symbol and parameters for the precinct length
tile-part header marker segment.

Length in bytes of the RLT marker segment (not including the marker).
Size and type of the Jrlt' values, as defined in Table A.51. This field is encoded as a big-endian
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Jrlt': 16-bit or 32-bit unsigned integers that encode precinct lengths or describe other RLT marker
segments. This field is encoded as a big-endian unsigned integer.

Table A.50 — Precinct length, tile-part header parameter values

Parameter Size (bits) Value
RLT 16 OxFF94
Lrit 16 8-65534
Srlt 32 Table A.51
Jrlt 16 or 32 0-OxFFFFFFFF

Table A.51 — Srlt values and semantics

Srit .
\alue Semantics
[0, p3* - 1] Total number of bytes in all subsequent RLT marker segments in the tile-part.|The (i + 1)
subsequent RLT marker segment in the tile-part is described by Jrlt' as spetified in Table
A.52. Each Jrlt' is a 16-bit value.
231 16-bit unsigned Jrit' values, providing precinct lengths
2t +1 32-bit unsigned Jrlt' values, providing precinct lengths

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

Jrlt value Interpretation
Even Subsequent RLT marker segment has [Jrlti/ 2] 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 proper
reconstru¢ted samples. 1t can be applied to with poth signed and unsigned component data.

\/ariable DC offset flow

DC offsef occurs external to any component transformations, i.e., prior to component transformations during| encoding
and after component transformations during decoding. Figure B.1 shows the flow of DC offset in the syst¢m with a
multiple domponent transformation from Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex G.

B.1

recpnstructed
sample Forward Forward . Inverse Iny€rse sanjple
) p—b Forwa‘rd component [—» wavelet coding wavelet —» component —» Inverse —
DC offset DC offset
transform transform transform transform
T.801(21)_FB|
Figure B.1 — Placement of the DC offset with multiple component transformation
Figure Bf2 shows the flow of DC offset in the system without a multiple component transformation from Rec.
ITU-T T.800 | ISO/IEC 15444-1, Annex G.
recopstructed
Forward Inverse 1
sample || Forward . p .| Inverse [S3mplc
> | DC offset > wavelenn'| coding | wavelet DC offset |
transform transform
T.801(21)_FB.2
Figure B.2 — Placement’ of the DC offset without multiple component transformation
B.2 Inverse DC offset
If the DCO marker segment is present in the main or tile-part header (see clause A.3.1), then the DC offset, O;, i§ specified

by that marker. All samples of a given component are offset by adding the same quantity to each sample as foljows:

I'(x,y) = I(x'y) + Oi (B_l)

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

NOTE - If 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.

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 |mages the default offset setting gives good compressron performance However for some |mages that have
sharply pgake sl ontrs 3 : ance can be
obtained i the offset is set nearer the mode of the h|stogram
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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).

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

used with

Cl1 \Variable scalar quantization

All termi

Irreversiple Tilters.

ology and variables described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E, remain.the same f¢

r variable

scalar quantization. An additional parameter nzy is used to convey the adjusted deadzone size. The:adjusted deafizone size

is 2(1-nzy

with a depdzone of twice the stated step size. When nz, > 0 then the deadzone is smaller, and when nz, <

deadzone

When nz ¥ 0 for all sub-bands, there is no need to transmit adjusted deadzone factors. However, if nzy, = 0 for &
then extended QCD, QCC, QPD, and/or QPC marker segmentscshall appear in either the main header or the
first tile-part header of a given tile (see clause A.2.4). The value nzy is reptesented as:

sub-band,

When an
sub-band
and the |4

derived in

C.2

For gener

)Ap. When nz = 0 this is equivalent to the scalar quantizer in Rec. ITU-T T.800 [ASO/IEC 15444-1,

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

num_nzp,

nz, = 215

pxtended QCD, QCC, QPD, QPC marker segment-appears, the adjustment factors are either signalle
explicitly, or else signalled only for the LL sub:zband. The former is known as expounded deadzone 4
tter is known as derived deadzone adjustment. In the latter case, all the deadzone adjustment factg

nplicitly from the single deadzone adjustmeént factor nzg corresponding to the LL band, according to:

nz, = nz,

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

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

Annex E,
D then the

k least one

(C-1)

i for each
djustment
rs nzy, are

(C-2)

(C-3)

where nz;

isthe transmitted deadzone. ndjllefmnnt factor from the extended Q(‘n, Q(‘(" QDF\’ QD(‘ marker seg

ments and

all other parameters are as described in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex E. If there is no extended QCD,
QCC, QPD, QPD marker segment applicable to a component in the codestream, then nz, = 0 for all sub-bands. When nz,
= 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 [

36

means the first value is included and the ")" means the last value is excluded.
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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 wavelet

coefficienfs. TCQ shall-only be used with irreversible transformations.
D.1 Introduction to TCQ
The TCQ) algorithm applies spatial-varying scalar quantization to its input sequence by choosing“one of fpur scalar
quantizerg for each sample. Quantizer indices from supersets of these quantizers along with guantizer transitipns in the
form of aftrellis provide all information necessary to reconstruct TCQ encoded wavelet coefficients.
Figure D.[L depicts the four separate scalar quantizers (Dg, D1, Do, and D3) used for this’Recommendation | International
Standard.| Included with this figure is information regarding scalar quantized indices (mp,), reconstructjon levels
(Rp,(mp,)), and eventual union quantizer indices (Qp,(m,,)) for each scalar quantizer.
DO
< @ & @ & 4 < >
mip,: -2 -1 0 1 2 3
RDO(mD ): —8A —4A 0 3A TA 1A
Op, (mp}): -4 -2 0 2 4 6
Dl
< " 4 L 4 & & >
mp: -2 — 0 1 2 3
Rp (mp}): ~7A “3A 0 4A 8A 12A
Op, (mp}): 4 -2 0 2 4 6
DZ
<4+& @ @ @ & & >
mip,: -3 -2 -1 0 1 2
Rp,(mp): —10A —6A —2A A 5A 9A
Op,(mp)): -5 -3 -1 1 3 6
DJ
% @ 4 & \ & >
mp -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 —& 4 4 @ 4 L 4 >
mA,: =5 —4 -3 -1 -1 0 0 2 3 4 5 6
Ra(mgq):  —10A  -8A  -6A  —4A  2A 0 A 3A 5A 7A 9A 1A
A, =D,uD,
< & @ @ @ —0 & @ . & & *—>
ma,: -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
T.801(21)_FD.2
Figure D.2—Union quantizers for TCQ
The eightstate trellis directed graph with possible quantizer transitions is shown in Figure D.3, flowingJeft to right, where
each nodg represents a possible trellis state. Columns of nodes represent stages which are ordered from left to right. There
are exactly K+1 stages if K data points are quantized. Each node in Figure D.3 is labelled as, Ny, where k corrgsponds to
the stage Index for the node and s is the trellis state of the node.
Trellis State:
0
1
2
3
o000
4
5
6
7 o) [N, .} (N,
N/ N/ \__/ T801(21)_FD3
Stage 0 Stage 1 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.

© ISO/IEC 2021 - All rights reserved
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D.3

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.

Forward TCQ quantization (informative)

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

Ay = 2Rt (14 22) (D-1)
Where,a ae bed-a-Ree- i 800-HISO a 444-1_Clause £ . ha-dviiam anae-of-sub b.TheSb
and py, vajues are then used to set the SPgcdi, SPqcc!, SPqpdi, SPqpci parameters in the QCD, QCC, QPD; QRC marker
segments |(see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses A.6.4 and A.6.5).
Several Idok-up-tables (LUTS) are used for purposes of forward quantization. Table D.1 specifies four pre-defined LUTSs:
N¢ (Nis)[and NP (N, ;) define the parent nodes for Ny s in the trellis; D (Ny.s) and Df (N, s ) define the scalar guantizers
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 (D;) holds the resulting distortion due to each scalar quantizer;
— dn (Ngs) holds the cumulative distortion at node Ny s, (survivor distortion);
- B(Ns) holds the parent node which yields lowest survivor distortion at node Ny ;
- N (Ngs) holds the index for the quantizer which leads ffom parent node B (N s) to Ny s.
The complete TCQ encoding algorithm which determines the sequence gy of quantized indices for a particular cpde-block
sequence |s outlined in Figure D.4 and Table D.2. Additionally, eptimum progressive TCQ performance is achigved when
the three pntropy coder passes (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause D.3) for the last bit-plane pf a given
code-block are concentrated into a single packet.
X A
Initialization
Increment £
r
A
SQ
Label
)4
DI No
Yes
Trace Back
A, Negation ——————— > 4,
T.801(21)_FD.4
Figure D.4 — Forward TCQ processing
40 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 15444-2:2021 (E)

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
Ni, 5 Nk-12 Ni-13 D3 D,
N, 6 N, 14 N, 15 Dy Do
Ny, 7 Nk_16 Nk_17 D, D3

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

Block Description
Initializafion 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(Dy) = min{(x, — Ry, @)}

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§ (Nit 3.0 & dy(Nf (N 1,6)) + dp (DF (Nies1,6))):
Ay (Nit1,5) = dnNg (Nit1,5)) + dp(DF (Ni41,5))
qn (Nps1,s) = 4p (Dg(Nk+1,s))
B(Ng+1,5) = N{(Nkﬂ,s)

else:
d(Ni+1,5) = 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 seguence?
Inc k Increment the sequence index k.
Trace Bafk 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 Negatjon 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

Update Superset
index

3

'

Reverse
A, Negation

}

Reconstruct

|

Update Trellis
State

T.804(21) FD.5

Figure D.5 — Full inverse processingdor TCQ indices

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

Block Description
Initializagion Initialize the trellis state index s‘and the sequence index k: s =0; k= 1.
Update Spiperset Index Set the current union quantizer index using Table D.4: a = A(s).
Reverse A; Negation Ifa=A;and if g = 1 then set g = -1.

If a=A; and if g.=—2+then set g, = 1.
Reconstrjict 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 Tfellis State Update the current trellis state using Table D.5: s = S(s,q )-
D1 At end of code-block data sequence?
Inc k Increment the sequence index k.
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Current state s

A(s)

~N|jolgalbhW|IN|F

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

Qud 6

Even 7
6

Odd 3

Even 3
7

Odd 7

D.4.2  |Approximate dequantizatien

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

4y, =280 (14 42)

(D-2)

The apprgximate dequantization process is outlined in both Table D.6 and Figure D.6. Input to this process is|the code-
block sequence ef-partially or fully decoded TCQ indices gk and its output is the sequence of reconstructefl wavelet
coefficients for_the current code-block. This dequantization technique corresponds to the basic scalar dequantization
described|in.Rec. ITU-T T.800 | ISO/IEC 15444-1, and as such, does not require special processing to reasonaljly decode

TCQ indiCes.
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Figure D.6 — Approximate dequantization of TCQ indices

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

Block Description
Initializagion Initialize the sequence index k: k = 1.
Zero LSH Zero out LSB of gj.
Reconstriict Form reconstructed coefficient x:

{(qk +r ) Byg, > 0

£, = MAN (R <0

Xk (qk+r2” b ).Abqk_
0,

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

D1 At end of code-block data sequence?

Inc k Increment the sequence index k.
D.5 Lagrangian rate allocation (infermative)
This algofithm uses three sets of parametersto determine all sub-band step sizes. The first set is listed in Table D.7 and
provides ptatistics for each sub-band; including standard deviation (op), size weight (Bp), energy weight|(Y), and
generalizqd Gaussian density (GGD), parameter (ay,). The second set of parameters include ay, and quantizer-flependent
parameters which are listed infTables D.8, D.9, D.10 and D.11. The parameters listed in these tables are[based on

experimentally obtained rate-distortion data for both TCQ and scalar quantization in conjunction with the entr
in Rec. ITU-T<.800 | ISO/IEC 15444-1. Finally, the last parameter set simply provides the free p3

described

which is ysed during genstrained minimization of overall image domain mean-squared error.
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Table D.7 — Sub-band statistics required for LRA

E)

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
(c3)? 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 oyy=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 015229 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
a, =05 o, =0.75 ap=1.0 ap=15 ap =[2.0
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 —2.31)80
1
a 293.5300 32606000.0000 399.6500 61269000.0000 1806.7000
¢ -1.5067 -1.1329 —-0.8759 -0.5922 0.5818
p’ 855.3700 102500000.0000 1523.9000 321130000.0000 6809.0000
m' 0.2117 0.3028 0.3903 0.6518 15.3783
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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
ah —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
a 0.3186 —0.1306 —-0.3362 —0.4559 —0.6079

Yo -0.4191 -0.4115 —0.3435 -0.1282 —0.0599
a 0.5912 0.4934 0.3859 0.1501 0.0350

0.1721 0.0819 0.0424 0.0227 70.0I249

3.2225 4.0915 3.8673 2.5889 114163

me 1.6610 1.6610 1.6610 1.6610 1.6410

Table D.11 — A, parameters for SQ

Oy = 0.5 Oy = 0.75 Ay = 1.0 oy = 5 oy = 2.0
my’ 0.5000 0.5000 0.5000 05000 0.5doo
ap’ 0.4687 0.4687 0.4687 0.4687 0.4687
2 —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 <1.4771 -1.4569 -1.5025

a 3.4746 10.7335 4.8908 3.8051 5.3635
¢ —0.6358 —0.5266 -0.6001 -0.5131 —-0.0280
p' 16.9615 85.2986 82.0612 32.4838 29.9839
m¢’ 0.1851 0.1469 0.2837 0.4051 2.0851

The LRA|process is defined in Figure D.7-and Table D.12.

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


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

ISO/IEC 15444-2:2021 (E)

Input parameters

|

Set R,

< Adjust R,

A
Choose A

Adjust &

3

h

Compute p,

v

Compute R*

No

Dl

Yes

Compute A,

I

Quantize

}

Entropy Encode

I No

Measure R, D2 Yes » Finished

Y

»

T801(21)_FD.7

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
v+a—-&\P 1o
R, = mca{[1+( " ) ] —1}, forv >y,
0, otherwise
_(muta,v>y _ (,1)
R = { 0,otherwise where v = log Vb0
m R* AN
Compute R¥=) PPy
b
D1 R* within tolerance of Rj?
Adjust A Properly tune A so R, and R* converge within tolerance.
Computel|A, A, = 1041+2c*4e for each sub-band b where A, = m,v + a,,
1
. v+a'—§\P p/_ '
A, = mqa [1+(T) ] 1,, forv>y,
0, otherwise
mv+a,v > y; 1
A= L 1 wherew =1 ( )
! { 0,otherwise V7090
Quantize Use Ay, to quantize wavelet coefficients.
Entropy gncode Run quantized indices through variable length encading.
Measure Rp Measure achieved rate resulting from step sizes.
D2 Ra within tolerance of Rp?
Adjust R} Properly tune Rj, so R and Rp converge within tolerance.
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Annex E

Visual masking, extensions

ISO/IEC 15444-2:2021 (E)

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

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

This annex describes an option that allows the coder to exploit the masking properties of the human visual system.

E.l

Visual mgsking is a mechanism where artefacts are masked by the image acting as a background signal- The m
the image quality, especially for low resolution (often measured in dots per inch, or DRY) diSplays
is technique is to improve the image quality, where the improvement becomes greater.as the image
more complex. The key area of improvement is in low amplitude textures, such as skin. Anotheparea of imprg

to impro
effect of

Introduction to visual masking (informative)

hin goal is
The first
becomes
vement is

in knife-eflges (i.e., those with zero transition width) in graphical images created digitally. The’Second main effiect of this

techniquelis that for a given fixed bit-rate, the image quality is more robust against variations in image comple
lished at the encoder via an extended non-linearity interposed between the transformation stag
pn stage. At the decoder, the inverse non-linearity is applied after dequantization, prior to the invers

is accom
quantizati
transform

E.2

The exten
and neigh
contrast n
coefficien

btion (see Figure E.1).

Forward
—> wavelet
transform

x; =y = sign(x;)

Point-wise extended non-linearity (informative)

Xi

gaing

Tnverse
— wavelet
transform

Point-wise
extended
non-linearity

a
| - gainy

ded masking option treats visual masking as a combination©fjtwo separate processes, i.e., self-contrag
pbourhood masking. The visual masking effect is therefore€xploited in two steps. The first step exploi
asking effect by applying a point-wise power function-(referred to here as the transducer function) to the original
t X; obtained using an analysis filter with gainy, (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Table E.1|

Encoder

A

Masking
compensation

Quantization |——p

Decoder

Dequantization f¢———

T.801(21)_FE.1

Figure E.1 — System diagram for point-wise extended masking extension

Xity. This
e and the
e wavelet

t masking
s the self-

, 1.8,

(E-1)
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Figure E.2 — Non-uniform guantization for self-contrast masking

Equation E-1 is applied to all sub-bands above some specified resolution using.the same value for a.. The parameter o
assumes g 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 pub-band.

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

yioz =2 (E-2)

wi

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

w; = g(N;({Z )

The resulfant z; is'then subject to quantization. An advantage of this strategy is its ability to distinguish between large
amplitudg cogefficients that lie in a region of simple edge structure from those in a complex region. This feature Will assure
the good yisual quality of simple edges on a smooth background, which is often critical to the overall perceiyed visual
quality.

Since the neighbourhood weighting factor w; shall be computed by the decoder as well as the encoder, the decoder
perceived signals x; shall be computed to include the effects of quantization and reconstruction. That is:

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
which can be specified in the bit stream. For example, if minlevel is set to 1, then the extended non-linearity is applied to
all sub-bands except the lowest LL band.

E.3 Decoding with visual masking

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

1/a

21" /1g,1)] > gaim, (E-4)

gainy

Zi

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

gaing

where z; Is the coefficient under consideration, and gainy is the analysis filter)gain (see Rec. ITU-T T.800 | ISO/IEC
15444-1, Table E.1). The normalization constant a is defined as (1000/2®50)8 where R is the bit-depth of thg spatially
reconstrug¢ted component samples as specified in the SIZ marker segment (see Rec. ITU-T T.800 | ISO/IEQ 15444-1,
clause A.5.1). The neighbourhood is a causal neighbourhood of thé.current coefficient, zj, having a nominal| height of
(win_width+1) and width of (2win_width+1) (see Figure E.3). The neighbourhood excludes the current coefficignt, z;, and
shrinks tp respect sub-band boundaries. The neighbourheod" also shrinks to respect code block boupdaries if
respect_bJock_boundaries = 1. |¢;]is the number of pixels in, the neighbourhood of z;.

The valug x; is computed from a bits_retained quantized version of z; denoted g; as shown in Equations E-5 anfd E-6.

G; = llz;1/4,] with all but the bits_retained MSBs replaced by zero (E-5)

where Ay lis the quantization step size and-1|z;|/4b] is an integer containing My, unsigned bits. See Rec. ITU;T T.800 |
ISO/IEC 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, g; = 0.
If bits_|retained = 8, then §;.= 4,

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

T.801(21)_FE.3
Figure E.3 — Causal neighbourhood
1/a
1% gid v |P
g;—inb = [;17171,(1 + (a ZkEneighbourhood g;—Lknb| )/l‘pzl)] (E'G)

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 51


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

ISO/IEC 15444-2:2021 (E)

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:

. Xi @ .
SLgn(xi)|m‘ -gaing

Z; = — (E'?)
7
gaing

ﬁ)/l%‘l

1+(a Zkeneighbourhood|

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

The valugs of minlevel, o, B, win_width, respect_block_boundaries, and bits_retained, all of Wwhich can diffgr for each
component, are recorded in the VMS marker segment (see clause A.3.2).

E.5 Setting parameters (informative)

The paramneter  assumes a value between 0 and 1, and, together with win_{vidth, is used to control the |[degree of
neighbouthood masking. The parameters 3 and win_width play important reles in differentiating coefficienty around a
simple edpe from those in the complex area. The parameter win_width controls the degree of averaging; p cgntrols the
influence [of the amplitude of each neighbouring coefficient. It is impoftant that B assumes a value much smaller than 1.
A good value of B is 0,2. This helps to protect coefficients around simple sharp edges, since the coefficients argund sharp
edges usuplly have high values. A small value of B suppresses the contribution of a few large coefficients around sharp
edges to the masking factor, thus implicitly distinguishing coefficients around sharp edges from coefficients in § complex
region.

A special[case of the point-wise extended masking approach is the self-contrast masking approach achieved whenl B is
set to 0. The self-contrast masking is referred to as;the case where the mask signal is at exactly the same frequency,
orientatiop and location as the distortion signal. This masking approach assumes that the wavelet band structyre is used
and filterq are a good match to the visual systemis underlying channels, which is usually not true. Therefore, itjmay have
asking problem at diagonal edgesy especially at relatively lower bit rates.

Some parfimeters that are encoded into the VMS marker segment (see clause A.3.2) are a, B, bits_retained (the number
of most significant bits to be retained for obtaining quantized neighbouring coefficients), win_width (half of the causal
neighbouthood window width, ikey"N = 2win_width + 1), and minlevel (the lowest frequency level at which magking will
start). A| good set of values for these parameters are 0,7, 0,2, 9, 6, and 1, respectively. THe switch
respect_bJock_boundaries is.dlso included in the VMS marker segment.

E.6 Compatibility with other technologies (informative)

The visual masking extension works with both scalar quantization and TCQ (see Annex D) for irreversible filters. It can

inedwith visual frequency weighting (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause J.12) to furthgr improve
the visual-guatty—Fypteaty—thetranstorm-coctHcientsaremuttphed-by wetghts-beforethey—are-subjeeted to the
"transducer" function. In some implementations, however, it is more convenient to interchange the operations because
the CSF weighting can then be incorporated into the rate distortion optimization. To do this, the CSF weights, originally
designed for the x domain, are modified so that they can be applied in the z domain are raised to the power a..
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Annex F

Arbitrary decomposition of tile-components, extensions

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

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

The extension described in this annex specifies options available for forming wavelet sub-band decompositions. The
notationalrconventions are Tirst introduced Tolfowed Dy Updates to various equations, 1ext, decompositions and grocedures
from Rec] ITU-T T.800 | ISO/IEC 15444-1. Many of these new and updated procedures are defined recursively. Except
for variabjles that are included in a recursive procedure's output parameter list, all variables for recursjve_procg¢dures are
maintained with internal copies that do not change outside of the procedure’s scope.

F.1 Wavelet sub-bands

This Recommendation | International Standard provides four tiers of detail for specifying two-dimensional| bandpass
signals (cplled sub-bands) at various spatial resolutions. Each tier provides more information in defining fingr detail in
the sub-band decomposition structure. These tiers are defined below, starting with the.tier with the lowest leve| of detail.

F.l1 Tier 1: Number of decomposition levels

The first tier in defining sub-band decompositions is the number of wavelet decomposition levels, N.. This value is
signalled [for each tile-component in the COD or COC markers as<specified in Table A.15 of Rec. ITU-T T.800 |
ISO/IEC 15444-1. As with that Recommendation | International Standard, decomposition level indices are 1 fpr highest
resolution| sub-bands and N;_for the lowest resolution sub-band."Resolution indices, on the other hand, are labelled with
value zerp for the lowest resolution and N for the highestresolution. A value of zero for N indicates np wavelet
transformption for the tile-component.

F.1.2 Tier 2: Resolution formation

The varigqus spatial resolutions are obtained threugh joint/disjoint horizontal and/or vertical downsampling|of higher
resolutions. As a result, spatial resolutions with_subsampling factors from the original image that differ in the horizontal
and vertigal directions are allowed. As in Réc. ITU-T T.800 | ISO/IEC 15444-1, the orientation of each spatial fesolution
(or sub-bgnd) is specified with a two-character code, where the first letter indicates horizontal filtering, the se¢ond letter
indicates yertical filtering, and the letters L and H indicate lowpass or highpass filtering followed by decimgtion by a
factor of {wo. This annex also pravides for the third letter X to indicate no vertical/horizontal filtering and dgcimation.
Since spatial resolutions are net\produced with highpass processing and no two spatial resolutions can be the sagme, there
are three possible orientations for each resolution: LL, LX, or HX. The signalling required to specify resolution fformation
is achieved via the COD,'€OC, and DFS marker segments (see clauses A.2.3 and A.3.3) as described in clausq F.2.5.

F.1.3 Tier 3: Sub-level decompositions

Wavelet qub-bands resulting from the first two tiers of wavelet processing may be further decomposed into|new sub-
bands of feduced bandpass extent. The concept of decomposition sub-levels is used to help convey this detajl tier. An
absolute maximum of three dnrnmlnn':ifinn sub-levels may he prndl iced at r{nr‘nmlnneifinn level lev with the first sub-level
resulting from decomposition of the next highest resolution level. Use of ADS marker segments (see clause A.3.4) for
signalling the maximum number of sub-levels, 6(lev), for each decomposition level is described in clause F.2.

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

LL HL
Decomposition of g, So(a,) - Si(ay)
a) a, .
Sz(ah) S}(a],)
LH HH
LX HX
Decomposition of.a
b) a, P b > S(](ah) Sl(ah)
XL
0) a Recomposition of @, Sola)
b >
XH
Si(ay)
T.801(21)_FF.1

Figure F.1 — Possible splits of sub-bands

F.1.6 HorOrient, VerOrjentand PrimeQOrient sub-band operators

To aid definitions of procedures in this annex, the operator HorOrient(ay) refers to the last filtering operation (H, L, or X)
which had been applied‘in:the horizontal direction to a given sub-band ay,, while the operator VerOrient(ay) refers to the
last filteripg operation'(H, L, or X) which has been applied in the vertical direction to a given sub-band ay,. The operator
PrimeOrignt(ap)«iscused to refer to the orientation (LL, LX, XL, HL, LH, HX, XH or HH) of the highest sub-level sub-
band whigheventually spawns into sub-band a within the same decomposition level. For example, for|sub-band
ap = ay phuxHorOrient(ay) = H, VerOrient(ay) = X, PrimeQrient(ay) = LH

F.2 Equation, text and decomposition updates

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

F.2.1 Updates to N| LL references

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

The wavelet sub-level and horizontal/vertical disjoint processing introduced in this annex require updates to the context
propagation shown in Table D.1 of Rec. ITU-T T.800 | ISO/IEC 15444-1. An update for this table is shown in Table F.1,
with references made to Figure D.2 of Rec. ITU-T T.800 | ISO/IEC 15444-1.

Table F.1 — Updates to contexts for significance propagation and cleanup coding passes

Sub-bands with primary orientation Sub-bands with primary orientation Sub-bands with primary Context
of LL, LH, LX, XL, or XH of HL and HX orientation of HH Label®
ZHi ZVi ZDi ZHi ZVi ZDi Z(Hi ZDi
+ V)
2 xB) 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 dontext labels are indexed only for identification convenience in this Specification. The actual identifiers used isfa matter
of implementation.
b)  x =dp not care.
F.2.3 Extension to Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-14
This equation shows how tile-components divide into resolution.evels, and should be updated for this annex faccording
to:
trxy = [W] trx = [ GET HORtlggPlTH(NL—T)]
tcyo tcy, (F_l)
try, = [m] iy, = LGET VER DEPTH(N— r)]
The usage for the procedures GET_HOR;}DEPTH and GET_VER_DEPTH are defined in Figure F.2 wiereas the
definitionp of these algorithms are depicted in Figure F.3.

lev HOR DEPTH lev VER DEPTH

GET_HOR/DEPTH —> —> GET_VER_DEPTH

Figure F22 ~Parameters for the GET_HOR_DEPTH and GET_VER_DEPTH procedures
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F.2.4 Remaining updates

From Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-15 (defining sub-band dimensions 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
for proper output of sub-band information. Also, the front end procedure SET_SUBBAND_INFO calls the
RECUR_INFO using parameters rPPx and rPPy which are the same PPx and PPy parameters signalled through COD
and COQ markers (see clause A.2.3) for each resolution r as described in Clause B.6 in Rec. ITU-T T.800 |
ISO/IEC 15444-1. To avoid xpb and ypb values less than one, both of these rPPx and rPPy values shall.also e greater
than or equal to 6(N_—r) for all resolution levels except resolution r = 0. Finally, as with most loops with’ the [index j of
length J(§(ap)), the j index in RECUR_INFO is decremented to cause processing to recurse on the next lowest fesolution
level.

GET HOR_DEPTH GET VER DEPTH

HOR_DEPTH =D VER DERTH =D

N%Q HorOrient (az,) # X DONE VerOrient (a,,) # X DONE
D=D+1 D=D+1
o 44
v
1=1+1 I=1+1
| | T.801(21)_FF.3

Figure F.3 - The GET_HOR_DEPTH and GET_VER_DEPTH procedures

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


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

90 | SET SUBBAND INFO

thx, thy,
gainy,
nh

00 ,
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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, ()

X, =tR(
X, =tR(l
Yo =1R
¥ =R

DNE

lev = [ev +1

|

Figure F.5 - The SET_SUBBAND_INFO procedure
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lev=1
k=0
Xy = lox,
X, = fex,
Yo = Iy,
= ley
> lev> N, Yes K=k
No
gain=1 No
n=(GET _HOR_DEPTH(lev 1)
ev —1)x, + GET_VER DEPTH(/ev — 1))/2
ey — L)X A=S8agge,) Yes
ev A1
ev=Dv, l
OK-k=0'(k)
b t(A)x,, t(A)y, gain, n, O0), k
=RECUR_INFO(R(lev—1), x, v, i
. rPPx o rPPy.
gain,n, k2 7,27 7)
i k=k-1
L ]

T.801(21)_FF.5
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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

Figure F.6 — Parameters for the RECUR_INFO procedure

RECUR_INFO

Jj=JHa,) -1

Y

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 - 1" = RECUR_INFO(Y, th'x, tb'y, l
gainy, n, k,
xpb', ypb')
| b p k=k+1

Jj=ji—1 <

FeeH24H FF.7

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

:2021 (E)

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
SN
ﬂ» INIT 6 L
SEEIEN
T.801(21)_FF.8
Figure F.8 — Parameters for the INIT_6 proceduré
F.2.5 Updates to decomposition structure
Three arrgys are used for specifying the decomposition structure for each tile-component. Each array is composgd of two-
bit values|that are signalled in DFS and ADS markers (see clauses A.3,3 and A.3.4). The first array, dg(i), i =D, ..., lg—

1, is defirjed by the DOads and 10ads ADS marker segment (see clause A.3.4) and is used by the INIT_6 procedure to

determing the maximum number of sub-levels, 6(lev), in each decamposition level. Usage for this procedure is
Figure F.
component, the length lq is set to zero.

NOTE[- The values of dg(i) used to set all 6(lev) in this precedure should be non-zero and thus equal to 1, 2 or 3. Rema
not set|before encountering the end of dg(i) are set to theJast dg(i) entry.

The second array, dg(i),i=0, ..., Ig-1, is defined-by Ddfs and Idfs DFS marker segments and specifies the dime
of each resolution level. The third array, dg(i),\t=0, ..., Is-1, is defined by the DSads and 1Sads ADS marke
(see clauge A.3.4) and specifies the sub-level decomposition structure within each decomposition level. Bot

arrays arelused along with other inputs-by~the INIT_S_R and LEV_S routines. The 1/O structure for these proc
depicted In Figures F.10 and F.12 and-the corresponding algorithmic structures are defined in Figures F.11

shown in

and the procedure itself is defined in Figure F.9. If the ADS marker segment is not defined for the cdrrent tile-

ning levels

nsionality
r segment
h of these
pdures are
and F.13,

Tables F.3 and F.4. As with lg, if the DFS or ADS marker segments are not defined for the current tile-compo

ent, Ir or

I5 respect|vely is set to zero. When either Ig or Isequal zero, the INIT_S_R routine will modify the respectivg arrays to
allow full sub-level depths.with joint horizontal and vertical decomposition splits for all sub-bands in the wavelet
decompodition. The first-purpose of these procedures is to determine the LUT S(ap) which defines how a sup-band ay,

decompoges into other.sub-bands. This LUT is defined so that S(ay) equals the set of sub-band indices for defomposed
sub-bandg from sub-band a,. The length LUT J(ay) is also defined by these routines to be the number of sub-bapds which
decompoge fromJsub-band ay,. Therefore, S(a,) = {So(ap),---,S)(ay)-1(an)}, Where Sj(ap) is the sub-band inflex of the
j-th sub-band decomposed from ay,. Also, S(ay) = {b} when ay, is not further decomposed. This occurs when tgrminating

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

the notation a4, is used to denote the set {as,(a,), -, as }.
J(ap)-1(2D)
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INIT 6

lev =

last —

i< -1

A 4

No

Yes

A

e.‘a.\'r = de(l)
O(lev) = dy(i)

I

lev=lev + 1
i=i+1

Figure F.10 — Parameters for the INIT_S_R procedure

N,
e
0
——> S0
dy0) —>
R
I, INIT S R
— RO
dy) ——
s
T.801(21)_FF.10

0(lev) =6
lev=lev +1

last

]

Figure F.9 — Procedure for setting maximum number of sub-levels, 6(lev)
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INIT S R
lev=1
R(0)=0LL
S(ag ) =0LL
Sag ) =1
i,=0
No Yes—
Yes _ ¢
1,=0 B .
Yasik = Ir
y Frasts = I ERROR
No 0 =0
1R = NL cnt
dy(in=1,i'=0, ..., 1,1 v

]S: Z 22(0(!)-1 7NL
=l
dyin=|1,i

d

S(pgon 1))s Ny 1))s is is= LEV_S(R(lev — 1), R(

dR( )’ iR’ IR
dS( ):ES': 151
0., 0(lev))lev)

I

R(lev) =§, (aie[m 1))

}

lev=lev+ 1

Is = liggs

-
=

Il
~
=

T.801(21)_FF.11

Figure F.11 — Upper level procedure for defining S(ap) and R(lev)
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— 5V 5 LEV.S

T.801(21)_FF.12

Figure F.12 — Parameters for the LEV_S procedure

ERROR Sla) = DONE
Hay) =1
A
Set S(a)and l
J(@y)per
Table F.4 j=Ja,) -1
e(‘"' = e(‘”l + 1
ip=ipt1
Set §(a,) and
J(a,) per
Table F.3 a)
eL'nl — ecm it l
is = is ] S(asi(ab))’ J(agl.(ab))a iks is= LEV_S(S,-((I,,),
RO, dp0), igs Iy,
‘ ds0), is, 15,0,
ema\" /(,’V)
l:
v
S(a,)=b ]
> Ja)=1 DONE =11
ig=i +1

| T.801(21)_FF.13

Figure F.13 — Procedure for defining S(ap)
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The final purpose of the INIT_S R and LEV_S procedures is to define the R(lev) LUT for each decomposition level. This
LUT specifies the LL, LX, or XL sub-band orientation which results from the first sub-level of wavelet processing for a
decomposition level. The corresponding sub-band is taken as the resolution at decomposition level lev. That is, resolution
N_-lev is given by ag(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 {b:XL, b:XH} 2

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

dr(iR) S(ayp) = Set of indices for decomposed sub-bands from ay, J(ap) = Length of set S(ay,)
1 {levLL, levHL, levLH, levHH} A
2 {levLX, levHX} 2
3 {levXL, levXH} 2

NOTE|- The INIT_S_R routine uses ds(i) and dr(i) array elements in order to define S(), J(); and R() for all decomposition levels.

Figure F.14 illustrates a sample wavelet decomposition. In this decomposition, N.=\3ydg() = 31, lg = 2, dr() = 1p3, Ir = 3,
dg() = 32Pp300203, and Is = 9. Table F.5 shows the various characteristics for-this decomposition, including the R()
notation fpr each level, indicating that sub-band ag | represents resolution 3 (the original image), and that resglutions 2,

1 and 0 afe represented by sub-bands aj; |, ag x and agy, respectively.*As in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
precincts pre specified with respect to these resolutions.

F.3 Inverse discrete wavelet transformation for general decompositions

The inverge transformation process is much like that desetibed in Clause F.3 of Rec. ITU-T T.800 | ISO/IEQ 15444-1.
The only| modifications necessary to provide arbitrary~decomposition functionality are to the IDWT, 200 SR, and
2D_INTHRLEAVE procedures defined in that Anngex:

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 agLL L/L LL oLL
S(agy ) = {1LL, 1HL, 1LH, 1HH}
S(ag) ={1LL}
Sy = {IHL:LX, 1HL:HX}
S(atHLLx) = {IHL:LX: XL, IHL:LX:XH}
S(arnuxxy) = {IHLILX:XL} ALHLLXXL X/L HL
S(@1HL:Lx:xH) = {IHLILX:XH} ALHLLX:XH XIH HL
S(@1HL:Hx) = UIALIAX ATHLHX /X AL
1 3 S(ay p) = {1LH: XL, 1LH:XH} 1LL
S(@rLr:xu) = {ILH:XL} AL H:XL XIL LH
S(@1LH:xH) = {1LH:XH} 311 H:XH XIH LH
S(ajpn) = {1HH: XL, 1HH:XH}
S(a1hhH:xu) = {IHH:XL} ALHH:XL XIL HH
S(a1Hn:xH) = {IHH: XH:LX, IHH:XH:HX}
S(a1hH:xH:Lx) = {IHHXH:LX} A1HH:XH:LX L/X HH
S(@lHH:XH:HX) = {1HH: XH:HX} A1 HH:XH:HX H/X HH
S(ag ) = {2LX, 2HX}
2 1 S(ay x) = {2LX} 2LX
S(asnx) = {2HX} asngx H/X HX
S(ay x) = {3XL, 3XH}
3 1 S(asx) = {3XL} azxL X/L XL 3XL
S(azxn) = {3XH} asxH X/H XH
F.3.1 Modified IDWT procedure
The IDWT procedure is almost the same as that in\Rec. ITU-T T.800 | ISO/IEC 15444-1. Differences deal with changes
in the callfto the modification of the 2D_SR prgcedure (MOD_2D_SR) as well as the extra calls to INIT_6 and INIT_S_R.
Nevertheless, the modified usage is depicted-in Figure F.15 and the actual procedure is shown in Figure F.16. $ub-bands
stored in the codestream are provided.toMOD_2D SR in the same order as provided by the order LUT O() Hefined in
clause F.2.4.
ay(u, v)
N,
4,0
— I(x,y)
i, MOD_IDWT ——="»
—>
di()
_ I )
T.801(21)_FF.15
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Figure F.15 — Parameters for the MOD_IDWT procedure
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MOD_IDWT

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

I

80, R() = INIT_S_R(N,, d{(). 5, 80)

l )

lev=N,
I ,
> lev=10 Yes M Iy) = ag (x, p)
lNo
Apler—1) = MOszDst(GS(uRUE\,, ])), tR(lev — 1)x,, tR(lev2 1)x,,

tR(lev — 1)y, tR(lev — 1)y,)

!

lev=lev—

T.801(21)_FF.16

Figure 16 — The MOD_IDWT procedure

F.3.2 Modified 2D_SR procedure

Major changes are required for 2D ‘SR from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is fomposed
of operatipns which combine 2 0r-4'sub-bands into a resulting sub-band. This procedure shall also handle such grocessing
throughodt all sub-levels inside.a decomposition level. To accommodate such processing, a recursive structure |s used for
this procgdure. The parameters necessary for this procedure are shown in Figure F.17 and the new procedufe itself is
diagramned in Figure-F18.

aS(ab)
a,

Uy, Uy Vo, Y, MOD 2D SR SN

T801(21) FEA7

Figure F.17 — Parameters for the MOD_2D_SR procedure
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MOD 2D SR v

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

HorOrient(aSj(u ) =X
i

F.3.3
Significar
shown in

interleave
tbxy, thyg

Figure F18 — The MOD_2D_SR procedure

Modified 2D_INTERLEAVE procedure

t changes are also neeessary for the 2D_INTERLEAVE procedure. These changes are due to both
processing and disjoint horizantal/vertical sub-band splits. This procedure is shown in both Figures F.19 ang
the latter of these'two figures, this routine now decides which of three lower level procedures shall

wavelet samples: The values of ug, uy, Vg and vy in each of these three lower level procedures are tho

and thy; as-redefined in clause F.2.4, where ay, is the sub-band to be interleaved and eventually reco

aS( ap )

Up U Vy Vy

ay

MOD 2D INTERLEAVE — *

720 No
No
l Yes
a,=HOR_SR(a,, uy, u,, vy, @)
b'= S(ay)
v
No ) VerOrient(ag,, 1) = X Yes
S(a,) = (% i
Yes
. No
a'y5|MOD_2D_SR(ag,). th' x,,
th'x, 'y, th'y)) a,=VER_SR(ay, uy, u,, v, v))
|A
y
J=i-1 DONE
T8d1(21)_FF.18

sub-level
F.20. As
De used to
5e of thx,
structed.
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T.801(21)_FF.19

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

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

No

Yes

|

a,= 2D_HV_INTER_LEAVE(a5(ah), Uy, Uy, Vy V)

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

No

Yes

DONE

}

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

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

DONE

F.3.3.1 [The 2D_HV_INTERLEAVE procedure

DONE

Figure F.20.+= The MOD_2D_INTERLEAVE procedure

T.801(21)_FF.20

The 2D_HV_INTERLEAVE procedure is similar to the 2D_INTERLEAVE procedure from Rec. ITU-
ISO/IEC 15444-1. Usage for-this procedure is shown in Figure F.21 and the actual procedure is shown in Figu

aS(dh)

Uy ULVy V)

2D HV INTERLEAVE

ap

—»

T.801(21)_FF.21

l:igllrn E 21 _ Parameters forthe 2D HV INTERL EAVE Ihrm‘nrhma
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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)
v v
u=u+t1l ue—utl1
No u>lu,/2] No w>lu/2
Yes Yes
o =luy2] v=v+1 u=luy2] v=v+1
3 7y
N Yes
° v rvl/ﬂ No
Yes
|
LH A HH v
b'=Sy(ay) b'=Sya,)
u= run/ﬂ U= L110/2J
v= LVO/ZJ v= Lv0/2j
~ v
ayQu, 2v + 1y ="a,(u, v) a,Qu+1,2v+ 1) =a,(u, v)
u=u-+1 u=u+1l
ites lYes
u=[1u,2] v=v+1 u=|uy2] v=v+1
y
N /\Y /\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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aS(ab) 4
b
Uy 10,V ¥, 2D H INTERLEAVE —
—_—>
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.

k ZD H INTEKLEAVE J

| I
LX Y HX v
b'=Sy(a;) b'=8\(a)
u=lu,/21 u=luy2|
V=1, V="
c )
ay(2u, v) = a,fu, v) af2u+ 1, v) = a,(u, v)
u=u+1 u=u+1
No No
Yes Yes
i =luy21 v=v+1 u=|u,2] v=v+1
Y
No 2By, es No Yes

T.80

Figure F.24 — The 2D_H_INTERLEAVE procedure

F.3.3.3 [The2D V_INTERLEAVE procedure

DONE

(21)_FF24

The procadure for interleaving samples due to disjoint wavelet processing in just the vertical direction is quit

P like that

for the procedure defined above in clause F.3.3.2. The procedure for this case is depicted in Figures F.25 and F.26.
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as(q )

Uy, Up,Vy, Vy

2D V INTERLEAVE

ay
—

T.801(21)_FF.25

Figure F.25 — Parameters for the 2D_V_INTERLEAVE procedure

2D _V_INTERLEAVE

I I
XL v XH v
b'=5/(ay) b'=S\(a,)
u=1u, u=u,
v=[v,/2] v=|vy2]
‘r =F
ay(u, 2v) = ay(u, v) ay(u, 2v+ 1) = ayfu, W)
v v
u=u-+1 wsut 1
No No
Yes Yes
U=, v=v+1 W= 1, v=v+1
Py “
N Y
< valv2] < No Yes —»@)NE
T.801(41)_FF.26
Figure.k:26 — The 2D_V_INTERLEAVE procedure
F.4 Forward discrete-wavelet transformation for general decompositions (informative)
Similar tg the inverse transfoarmation process, forward wavelet transformation requires changes to only the FDWT,
2D_SD, and 2D_DEINTERLEAVE Rec. ITU-T T.800 | ISO/IEC 15444-1 procedures.
F.4.1 Modified EDWT procedure
Like the MOD_IDWT procedure, the FDWT remains much like that in Rec. ITU-T T.800 | ISO/IEC 15444-1. The
parameters forthis procedure are shown in Figure F.27 and the structure of the procedure is shown in Figure F28.

I(x, )

NL
—L

40

l).

ds()

e

I

[

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_R(N,. dy(), 15, 60)

I

lev=1
agy, = I(xy)

AS(apges - 1)) = MOD_ZD_SD(aR(M- 1)
tR(lev —1)x,, tR(lev < })x,
tR(lev — 1)y, tRev + 1)y,)

!

lev =lev

T.801(21)_FF.28

Figure F28 — The MOD_FDWT procedure

F.4.2 Modified 2D_SD procedure

Major changes are required for 2D _‘SD from that in Rec. ITU-T T.800 | ISO/IEC 15444-1. This procedure is fomposed
of operatipns which split one sub=-band into 2 or 4 resulting sub-bands. This procedure shall also handle such grocessing
throughodt all sub-levels inside.a decomposition level. To accommodate such processing, a recursive structure |s used for
this procedure. The parameters necessary for this procedure are shown in Figure F.29 and the new procedufe itself is
diagramned in Figure-F30.

y

—— asay)
Uy, U,V V) MOD_2D_SD E—
2D

1801(21) EE20Q

Figure F.29 — Parameters for the MOD_2D_SD procedure
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F.4.3

Significar
sub-level
and F.32.
be used tq
vy in each
sub-band

Modified 2D_DEINTERLEAYE procedure

by, which is-being decomposed/deinterleaved.

AS(ay,)
>

t changes were also necessary for the 2D_DEINTERLEAVE procedure. These changes are du
processing and disjoint horizontal/vertical sub-band splits. This procedure is shown in both Fig
As shown in the latter of these two figures, this routine now decides which of three lower level proced
deinterleave wavelet samples. As with the MOD_2D INTERLEAVE procedure, the values of ug,

of these three-lower level procedures are those of thxg, thxy, tbyg and tby; as defined in clause F.3

MOD 2D SD
J=Jay) -1
VerOrient(a;.(a p=X
D
v No DONE
Yes
 VER QW Y b'= S;(a.c,)
VER—SB(a 5t v5 v .
Yes
No
=MOD_2D_SD{ay,
th' x,, th' x,,
a,=HOR_SD(a,, u,, u,, vy, v,) 1 1"y, 1h"y1)
*4
’
j=i-1
=MQD_2D_DEINTERLEAVE(ay, u,, u,, v,, v,) |
I T401(21)_FF.30
Figure F.30 — The MOD_2D_SD procedure

e to both
ures F.31
ures shall
U1, Vo and
.4 for the

72

Mo U Vo Vo MOD 2D DEINTERILEAVE
S

T.801(21)_FF.31

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

VcrOricnt(a%(ah)) #X Yes
AND
HorOricnt(aSJ.(u 2)EX i
vj

As(a,) = 2D_HV_DEINTERLEAVE(q,, u,, u, v, v,)

No
DONE
HorOIient(aSj(ah)) =X Yes
v |
No Ag(a,) = 2D_V_DEINTERLEAVE(ay, uy, y, 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

F.4.3.1 [The 2D_HV_DEINTERLEAVE procedure

The 2D_HYV_DEINTERLEAVE: procedure is similar to the 2D_DEINTERLEAVE procedure from Rec. ITU}T T.800 |
ISO/IEC 15444-1. Usage for-this procedure is shown in Figure F.33 and the actual procedure is shown in Figufe F.34.

ap
——* aSi(ay)
Uy UV V, 2D HV DEINTERLEAVE
—_—>
T.801(21)_FF.33

I:igllrp E33 _ Parameters forthe 2D H\/ DEINTERLEAVE Inrnm:rllma
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2D HV DEINTERLEAVE

LL v HL v
b'=Sy(ay) b'=S(ay)
u=uy2] u= LuO/‘ZJ
v=[vy2] v=[vy/2]
» »
ay(u, v) = a,(Qu, 2v) a(u, v)=a,(2u+ 1, 2v)
v v
u=u+1 u=u+1
No u>lu,/2] No w>lu/2
Yes Yes
=luy2] v=v+1 u=luy2] v=v+1
3 7Y
N Yes
0 v=[v/2] No
Yes
]
LH 4 HH v
b= Sy(a,) b'=8(a,)
U= run/ﬂ u= LHU/2J
v =|vy2] v=Lvy2]
~ v
ay(u, v) = a,(2u,2v + 1) ay(u, v) = a,2u+1,2v+1)
u=u+1 u—u+l1
ites lYes
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.34

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.

<zununm TERLCEAV 1:>
I
| I
LX Y HX y
b'=Sy(ay) b'=5(a,)
u=lu,/21 u=|u/2
V=Y, V=Y,
c i
ay(u, vy = a,(2u, v) alu, v) = a,2u+1,v)
v v
u=u+1 u=u+1
No No
Yes Yes
i =luy21 v=v+1 u=|u,2] v=v+1
N Yes
° V2V, No Yes {)ONE
T.80(21)_FF.36
Figure F.36 — The 2D_H_DEINTERLEAVE procedure
F.4.3.3 [The2D V_DEINTERLEAVE procedure
The procadute for deinterleaving samples due to disjoint wavelet processing in just the vertical direction is quite like that
for the procedure defined in clause F.4.3.2. The procedure for this case is depicted in Figures F.37 and F.38.
Ay
— aS{(ay)
Uy U,V 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
v>v,/2] No —()ONE )

T.80|(21)_FF.38

Figure F.38 — The 2D_V.DEINTERLEAVE procedure
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Annex G

Whole-sample symmetric transformation of images, extensions

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

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

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

This annex specifies two extensions of the one-dimensional sub-band reconstruction procedure 1D SR (see Rec.

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

G.1 Wavelet transformation parameters, definitions and normalizations

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

Table G.1 — Parameters for wavelet transformations

Parametgr tag Meaning Value(s)
Coeff_Typ Numerical type of lifting step coefficients 8-bit signed integer
16-bit signed integer
32-bit float
64-bit float
128-bit float
Filt_Cat Wavelet transformation category arbitrary (ARB)
whole-sample symmetric (JWS)
WT_Typ Wavelet transformation type irreversible (IRR)
reversible (REV)
Minit Update characteristic of first reconstruetion lifting step even-subsequence update (0)
odd-subsequence update (1)
Nis Number of lifting steps 8-bit unsigned integer
g Base-2 scaling exponent forlifting step s 8-bit unsigned integer:
(reversible transformations only) defined for0 <s<Nig
Bs Additive residue for fifting step s Coeff_Typ:
(reversible transfarmations only) defined for0 <s<Nyg
K Scaling factor Coeff_Typ
(irreversible.transformations only)
Lg Numbernof 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.2.1  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

Dy = =Y Yag, if WT_Typ=REV

= %5

Define parameters Bg recursively:

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

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

G.2.1.1 Normalization of reversible wavelet transformation

For revergible wavelet transformations (WT_Typ=REV), the parameters By shall satisfy one of the following canditions:

BNLs—Z =1 if my, =1 or

BNLS_1 = 1 lf ml-m-t = O

G.2.1.2 |Normalization of irreversible wavelet transformation
For irrevgrsible wavelet transformations (WT_Typ = IRR), the parameters Bg,and.the scaling parameter, K, sHall satisfy
one of thg following conditions:

BNLS_Z =K if Minit = 1, or

BNLS_l = K if ml‘nit = O

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

The one-dimensional sub-band reconstruction (1By SR_WS) procedure is implemented as a sequence of primitive lifting
steps, which alternately modify odd-indexed.samples with a weighted sum of even-indexed samples and eveh-indexed
samples with a weighted sum of odd-indexed.samples.

G.2.2.1 [The 1D_SR_WS procedure

As illustrated in Figure G.1, thelD. SR_WS procedure takes as input a one-dimensional array, Y, of interleaved lowpass
and highpass coefficients, the(index i of the first sample in array Y, the index i, of the sample following the Igst sample

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

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

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

T.801(21) FG.2

:2021 (E)

NOTE
the 1D
proced

G.2.22

Two vers

is reversibple or not (WT_Typ=REV or IRR). In the following two subclauses, the\function PSEq(i) equals th

PSEo (i, i
G.2221

As shown
1,2, ...,

The 1D_H
zero (for

where m
(mg=0)d

Figure G.2-The 1D_SR_WS procedure

— Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SR_WS procedure does not extend the signal prior
| FILTR_WS procedure. Instead, a procedure equivalent to the extension procedure is included in‘the 1D_H
ire.

The 1D_FILTR_WS procedures

ons of the reconstruction procedure (1D_FILTR_WS) are specified, depending on whether the trans

0, 17) specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

The reversible one-dimensional reconstruction (1D_FILTR-WS) procedure

in Figure G.3, the input parameters to procedure 1D_FILTR\WS are V, i, i1, N.s, and o k, B, €, L.

is—landk=0,1,2,..,Lg— 1.
V iy i Ny
By €L, IO FILTR WS W
T.801(21)_FG.3

Figure G.3 — Parameters of the 1D_FILTR_WS procedure

ILTR_WS procedure starts with the following N s lifting steps, where the variable s decreases from
=Nis—1,Nis—2, ... \% 0):

(2124 as e (V(PSEQ (2n+mg—(2k+1)))+V (PSE (2n+ms+(2k+1)))) ) +Bs

28s

V' (2n + mg) =W (2n + mg) —

LS-1

0 applying
ILTR_ WS

formation
e function

fors=0,

N s—1to

(G-2)

=, and mg = 1 —mg,, indicates whether the sth lifting step updates even-indexed cgefficients

nd where

the range

The value

G.2222

r.add-indexed coefficients (mg = 1), where Lg is the number of lifting coefficients for lifting step s,

offis-defired-by-ig<2r+s<iT
s of V(K) such that ig < k <i; form the output W(k) of the 1D_FILTR procedure:

W (k) = V (k)

The irreversible one-dimensional reconstruction (1D_FILTR_WS) procedure

(G-3)

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-1andk=0,1,2,..,Ls— 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:

The 1D_H

V(2n +n

where m
(ms=0) g
the range

The value

G.3

The one-g
steps, wh
samples W

G.31

As illustra
sample in

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

V(2n) = K - V(2n)foriy < 2n < i;

andV(2n+1) = (1/K) - V(2n + D)foriy < 2n+1 < i;

(G-4)

(G-5)

ILTR_WS procedure then performs the following N g lifting steps (for s = N g —1, Ng — 2, ...;"1}0)

) = V(2n +my) — (Biy e (V (PSEo(2n+m, — (2k + 1)) +V (PSE,(2n +n + (2K 4

LS—-1
r odd-indexed coefficients (mg = 1), where Ls is the number of lifting coeffiCients for lifting step s,

pf n is defined by ig < 2n + mg < iy.
5 of V(K) such that ig < k < i form the output W(k) of the 1D_FIETFR_WS procedure:

W (k) = v(k)

Whole-sample symmetric (WS) wavelet tramsformation decomposition (informative)

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

The 1D_SD_WS procedure (informative)

ted in Figure G.5, the 1D_SD WS procedure takes as input a one-dimensional array, X, the indeX ig
array X, and the index iy of the sample following the last sample in array X. They produce as outpu

X
_
i) ID SD WS -,
[ - -
T801(21)_FG.5

Figure G.5 — Parameters of the 1D_SD_WS procedure

1))))

(G-6)

= Myn;e and my = 1 —my,, indicates whether the s lifting step-updates even-indexed cgefficients

nd where

(G-7)

imensional sub-band decomposition procedure 1D_SD_WS is implemented as a sequence of primitlive lifting

n-indexed

pf the first
an array,

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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ID SD WS

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

Done

T.801(21) FG.6

NOTE
the 1D
proced

G3.2

Two vers
not (WT_
specified

G321

As shown

Figure G.6 — The 1D_SD_WS procedure

— Unlike in Rec. ITU-T T.800 | ISO/IEC 15444-1, the 1D_SD_WS procedure does not extend the signal prior
| FILTD_WS procedure. Instead, a procedure equivalent to the extension procedure is included in‘the 1D_H
ire.

The 1D_FILTD_WS one-dimensional decomposition procedure (informative)

ons of the decomposition procedures are specified, depending on whethey the’ transformation is rey
'yp = REV or IRR). In the following two subclauses, the function PSE@(i)+equals the function PSE|
n Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

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

in Figure G.7, the input parameters to the reversible versien{of procedure 1D_FILTD WS are V,

and oy i, s, &, Ls forfors=0,1,2, ... ,Ngs—landk=0,1, 2, ..{ Ly~ 1.

The rever

with s = (0):

where m
(ms=0)d

Vi iy Ny
o By €L, MFILTD WS AN
T.801(21)_FG.7

Figure G.7 — Parameters of the 1D_FILTD_WS procedure

Sible 1D_FILTD_WS procedure consists in the following N g lifting steps (for s =0, 1, 2, ... , N g —

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

28s

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

LS-1
r odd-indexed coefficients (mg = 1), where Ls is the number of lifting coefficients for lifting step s,

the range

0 applying
ILTD WS

ersible or
(i, o, i1)

0, 11, NLs,

1, starting

(G-8)

=my,;; and my = 1 —m,_, indicates whether the sth lifting step updates even-indexed cgefficients

nd where

fnisdefined by ig <2n+m. <y

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

range ip <

G.3.2.2

k<i1.

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, and ogy, 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 m
(mg=0)d
the range

The 1D_H

The value
range ig
G4

Exampleg
that occur

Both exan

LS-1
r odd-indexed coefficients (mg = 1), where Lg is the number of lifting coefficients for lifting step|s,

pf n is defined by ig <2n + mg <.
ILTD_WS procedure ends with two scaling steps:

V(2n) = (1/K) - V(2n)foriy < 2n < i;

andV(2n+1) =K - V(2n + 1)foriy < 2n + 1.<Y

s W(k) = V(k) form the output W(K) of the 1D_FILTD_WS procedurg. The output values are the va
k<ij.

Examples of WS wavelet transformations (informative)

of wavelet transformations are specified in terms of their signalled values, as listed in Table G.1. P
in sequences (e.g., Ls, s=0, ..., N g — 1) are epumerated in order of increasing index.

nples are mathematically equivalent to transfermations already defined in Rec. ITU-T T.800 | ISO/IE

and are provided solely for didactic purposes.

G4.1
Typical v
G411

The trans
reversible

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

hlues for the Bs parameter are 2871,

Reversible 5-3 wavelet.transformation (informative)

Formation specified(by; the parameter values found in Table G.2 is mathematically equivalent to t
transformation specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

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

Parameter Value(s)

= m;,;; and mg = 1 — m,_, indicates whether the s lifting step updates even-indexed, cdefficients

nd where

(G-10)

(G-11)

ues in the

arameters

C 15444-1

e default

Minit 0

82

Nis 2
Ls 1,1

Qs k O, 0 =-1
o1,0=1

gs 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.

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

G4.z2

G.4.21
Table G4

Pardlreter value(s)
Minit 0
Nis 2
Ls 2,2
gk ag k=-9,1
0(11 k= 5, -1
€ 4,4
Bs 88

wavelet triansformation specified in clause G.4.1.1:

G.4.2.2

Irreversible 5-3 wavelet transformation (informative)

Irreversible WS wavelet transformations (WT_Typ = IRR) (informative)

shows the parameters for the irreversible version of theRec. ITU-T T.800 | ISO/IEC 15444-1 reve

Table G.4 — Parameters of the 5<3 irreversible wavelet transformation

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

Irreversible 7-5 wavelet transformation (informative)

Table G.5

© 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
L 1,1,1
2
Qs k [ —
%00 =75
175
%10~ " 706
609
%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 | ISO/IEC 15444-1; the
transformption specified by the following parameter values is mathematically equivalent to.the Rec. ITU{T T.800 |
ISO/IEC 15444-1 transformation. Exact expressions for the values given by decimal approximations in Table ¢.6 can be
found in Annex F of Rec. ITU-T T.800 | ISO/IEC 15444-1.

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

Parameter Value(s)
Minit 0
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.)

:2021 (E)

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

implemen

tations shall duplicate.

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

annex, 10
an updats
specified
H.1

Table G.1

parameters is included in the ATK marker segment (see clause A.3.5). Table H.1 lists additional parameters co

the ATK

_SR_ARB; 1S SpeciTied as a Sequence o1 NiTting Steps, each of Which INVOIVES a signal eXtension ope
operation. A scaling operation is performed in the case of irreversible wavelet transformatiops:

Wavelet transformation parameters and normalizations

lists filter parameters for wavelet transformations that are signalled in the codéstream. Signalling

marker segment that are used exclusively in this annex.

Table H.1 — Additional parameters for arbitrary wavelettransformations

Fation and
Syntax is

vhereby an implementation may use wavelet transformations signalled in the codestream by, the)encgder.

for these
ntained in

Paranieter 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.1.1  [Normalization of ARB wavelet transformations
The procgdures specified in this subclause apply only;in the case of ATK marker segment for which Filt_Cat =[ARB. The
parameter Dy defined in clause G.2.1 represents the sum of the lifting coefficients for step s, 0 <'s < N5 (normalized in
the case of reversible transformations). This parameter is redefined in this annex as follows:

The norm

H.1.2

Lg—1

Dy = Y.L, as ifWT_Typ = IRR

Dy = — Y% 'ifWT_Typ = REV

T 2ss

plization requirements in clause G.2.1 remain as specified, using the above redefinition of Ds.

Compatibility of ARB and WS wavelet transformations

The transf

ormations defined in this annex constitute an extension of the transformations defined in Annex G. 1

'he output

produced

y The procedures in ANNEX G Using an ATK Marker Segment Specitying Filt_Cat = WS 15 equal 1o

he output

produced by the procedures in this annex if the ATK marker segment is interpreted by setting the extension option 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).

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

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

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

indexes the lifting steps, decreases from N s — 1 to zero in the reconstrliction process.
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ID SR_ARB(Y)
i =1+i7? Yes iyeven? Yes
No No
WT Typ = REV? >>1E Yii,) = ¥(i))2
No

A

1D_SCALER(Y)

bi

§s=N;¢1
m.=m

5 init

aY

$< 09 Yes

No

1D STEPR(s,Y)

H.2.2 [The 1D_SCALER procedure

As shown(in Figure:H.3, procedure 1D_SCALER applies a scaling procedure to interleaved input vector V using
parameten K from Table G.1 and produces an updated version of vector V with the same indices (ig, i1). This pr|

used only|inrreversible transformations.

A

return X =

Figure H.2 — Extended procedure 1D_SR_ARB

T.801(21)_FH.2

signalled
bcedure is

Vi i)

K
S —

1D SCALER

v,

T.801(21)_FH.3

Figure H.3 — Parameters of the 1D_SCALER procedure
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The 1D_SCALER procedure performs the following scaling operations:

V(2n) = K - V(2n)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).

Vi i)
1D _STEDPD V »
3 Exten, Wi _17p — >
—_——
T.801(21)_FH.4

Figure H.4 — Parameters of the 1D_STEPR procedure

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

ID STEPR(s, V)

v

ext

= ID_EXT WS(¥)

V,,=1D_EXT_CON(¥)

D_UPDATER_IRR(s, V,, V) WT Typ = REV? ID_UPDATER_REV(s, V,,, }

Done

T.801(41)_FH.5

Figure H.5 — Procedure 1D_STEPR

H.2.4  Extension procedures

The exact manner in which extended samples are accessed in a realization of this Recommendation | International
Standard (e.g., by copying extended arrays, by buffering, by indirect addressing, or by some other strategy) is
implementation-dependent. This 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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H.2.4.1 Minimum extension lengths

Although procedures 1D_EXT_WS and 1D_EXT_CON in principle define arbitrarily long extensions of the input vector,
V, the minimum number of extended samples required to perform a given lifting step, s, can be calculated in terms of the
wavelet transformation parameters for that step. The minimum extension lengths, 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.

Table H.2 — Minimum left extension length

i:cft m,=0 me=1
igeven -1 — 20ff —20ffg
igodd -2 — 20ff; 1 — 2o0ff;

Table H.3 — Minimum right extension length

Iright: ms =0 ms 51
i;even 2(Lg— 1 + offy) -1+ 2(ls— 1 + offy)
i 0dd 1+2(Ls—1 + offy) -2 £2(Ls — 1 + offy)

H.2.4.2 PD_EXT_WS procedure

As showr] in Figure H.6, the 1D_EXT_WS procedure accepts as input a,vector V supported on an interval (jg, i) and
outputs a|vector Veyt supported on a larger interval containing valuesiof i beyond the range ig < i < i;. Excgpt for the
minimum|extension lengths, ijeft and irignt (Specified above in clause)H.2.4.1), this procedure is identical to the 3D_EXTR
procedurd defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause F.3.7. This procedure does not modify its ingut vector,
V.

V’ i{)' il V(:xr
ID_EXT WS ey

T.801(21)_FH.6

Figure H.6 ~Parameters of the 1D_EXT_WS procedure

H.2.4.3 (D _EXT_CON procedure

As shown in Figure H.7, the 2DNEXT_CON procedure accepts as input a vector V supported on an interval (jig, i7) and
outputs a|vector Vey: supparted on a larger interval containing values of i beyond the range ig < i < iy. The [minimum

extension|lengths required\for an extension created by procedure 1D_EXT_CON are specified above in clauge H.2.4.1.
This procgdure does.het-modify its input vector, V.

ext

V i()’ il A
1D EXT CON 2y

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)

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 89


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

ISO/IEC 15444-2:2021 (E)

For k> 1:
Vext (lo — 2k) =V (io)
Vext(ip + 1 —=2k) =V(ip+ 1)
Vst (i1 =14+ 2k) =V(i; — 1)
Vot (i1 —2 4+ 2k) =V (i; — 2)

H.2.5  One-dimensional reconstruction update filtering procedures

Two reconstruction update filtering procedures are defined, one for reversible transformations (1D_UPDATER_REV)
and one fpr irreversible transformations (ID_UPDATER_IRR). Reconstruction steps are defined recursively as even-
subsequerjce updates (mg = 0) or odd-subsequence updates (ms = 1), beginning with step number N s — 1{'whgse update
characteriptic is signalled in Table G.1 by the mj;; parameter, and recursing downward: mg_1 = 1 — mg)Both grocedures
take as ipput an interleaved input vector V and produce as output an updated version of vector,V with|the same
indices (ig, i1).

H.2.5.1 |Reversible one-dimensional reconstruction update (1D_UPDATER_REV) procedure

Procedurd 1D_UPDATER_REV modifies either the even- or the odd-indexed subsequence in vector V by a weighted
sum of samples from the extended sequence, Vey, after applying a rounding operation’to the weighted sum. Higure H.8
shows thel input parameters to procedure 1D_UPDATER_REV.

V, i[l’ i]’ Ve.\'i
rom. L.
off, my L 1D_UPDATER REV 7
o . By g
T.801(21)_FH.8

Figure H.8 — Parameters of the.1D UPDATER_REV procedure

The 1D_UWPDATER_REV procedure performs-the following update filtering operation:

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

28s

V' (2n + mg) = V(2n + my)-~ (H-3)

for all n spich that ig < 2n + mg<ig:

H.2.5.2 [Irreversible one-dimensional reconstruction update (1D_UPDATER_IRR) procedure

Procedurd 1D_UPDATER_IRR modifies either the even- or the odd-indexed subsequence in vector V by a weighted sum
of samplep from the-extended sequence, Vey:. Figure H.9 shows the input parameters to procedure 1D_UPDATER_IRR.

V’ i[l’ i]’ V('\'r
7 m, L
offy my L 1D _UPDATER_IRR —
u.\,k
S 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 all n such that ig < 2n + mg <iy.
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H.3 Arbitrary (ARB) wavelet transformation decomposition procedures (informative)

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

H.3.1  Extended 1D_SD_ARB procedure (informative)

As illustrated in Figure H.10, the extended 1D_SD_ARB procedure takes as input a one-dimensional array, X, of data,
the index ig of the first sample in array X, and the index 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
T801(21)_FH.10

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

For signals of length one (i.e., ig = i1 — 1), the 1D_SD_ARB procedure sets the value of Y(ighto Y(ip) = X(ig)|if ig is an
even integer, and to Y(ip) = 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’k711, the 1D_SD_ARB procedure
applies a $equence of lifting steps, defined by the parameters from Table H.1, anckithen applies a scaling step ih the case
of irrevergible transformations (WT_Typ = IRR) to produce the decomposed signal, Y. The variable s, which ifdexes 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(ip) = 2X(d,)
Y
1D STEPD(s, X)
Moy =1—m, ID SCALED(Y)
s=s5tl -
le Y v
v
retorn Y =X
Done
T.801(21)_FH.11
Figure H.11 — Extended procedure 1D_SD_ARB
H.3.2 [The 1D_STERD-procedure (informative)
As shown in Figure'H:12, procedure 1D_STEPD applies one decomposition lifting step to input vector V and produces
an updatefl versienof vector V with the same indices (ig, i1).
V, iy i,
> |
s, Exten, WT Tvp ID_STEPD —
—_————P
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)

2021 (E)

|4

ext

V,,=1D EXT CON(¥) = 1D EXT WS(¥)

1

D UPDATER IRRGs, V., V) | O WT Typ= REV? 2 | | 1D UPDATER REV(s, V., V)

ravid

H.3.3  [Extension procedures (informative)

The exter
specified

H.3.4

Two decd
and one f|
subsequer
as output

H.3.4.1

Procedurs
sum of sa
shows the

Done

T.801(2

Figure H.13 — Procedure 1D_STEPD

sion procedures 1D_EXT_CON and 1D_EXT_WS shownlin Figure H.13 are identical to the
n clause H.2.4, including the specifications of minimum,extension lengths.

One-dimensional decomposition update procedures\(informative)

mposition update filtering procedures are defined;,one for reversible transformations (1D_UPDAT
Dr irreversible transformations (1D_UPDATED: IRR). Decomposition steps are defined recursively
ce updates (mg = 0) or odd-subsequence updates (ms = 1). Both procedures take as input a vector V an

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

Reversible one-dimensional decomposition update (1D_UPDATED_REV) procedure (informa
1D_UPDATED_REV modifies either the even- or the odd-indexed subsequence in vector V by a

mples from the extended sequence, Veyt, after applying a rounding operation to the weighted sum. Fi
input parameters to procedure 1D_UPDATED_REV.
L{ AP iP l/cxf‘
f L
_ oL, ID UPDATED REV -V,
O:.f.k’ B.s' &
T.801(21)_FH.14

)_FH.13

rocedures

ED_REV)
as even-
d produce

ive)

weighted
pure H.14

Eig“.;e H.14 —Parametersofthe 1D UPDATED REV. procedure
p— p— =

The 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) +

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 1D_UWPDATED_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 all n spich that ig < 2n + mg </iy.

H.3.5 [ID_SCALED procedure (informative)

As shown in Figure H.16, procedure 1D_SCALED applies a scaling procedure.te’interleaved input vector V using
signalled parameter K from Table H.1 and produces an updated version of vector\V with the same indices (iq, i1). This
procedurg is used only in irreversible transformations.

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

Figure H.16 — Parameters ofsthe 1D_SCALED procedure

The 1D_SCALED procedure performs the following scaling operations:

Ven) = (%) V(2n) for iy < 2n < iy (H-7)

andV(2n+1) =K -VQ2n+1)for ip<2n+1<i (H-8)

H.4 Examples 6fFARB wavelet transformations (informative)

Exampleg of optionalwavelet transformations are specified in terms of their signalled parameters, as listed in Tables G.1
and H.1. Parameters that occur in sequences (e.g., Ls, s=0, ..., N 5 — 1) are enumerated in order of increasing|index.

H.4.1

All of 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

H.4.11.2

H.4.1.1.3

H.4.1.2

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

Parameter Value(s)
Minit
Nis
Ls 1,1
s k og o=-1
apo=1
€ 0,1
Ps 0,1
Exten CON
offs 0,0

Reversible 2-6 wavelet transformation (informative)

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

Parameter Value(s)
Minit 1
Nis 3

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

Reversible 2-10 wavelet transformation (informative)

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

Parameter Value(s)
Minit 1
Nis 3

Ls 1,1,5
Ois k ago=-1
ag 0=1

o k=-3,22,0,-22,3

& 0,1,6
Bs 0,1,32

Exten CON
off 0,0,-2

Irreversible ARB wavelet transformations (WT_Typ=IRR) (informative)

Tables H.7 and H.8 provide information on irreversible ARB wavelet transformations 6-10 and 10-18.
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Table H.7 — Parameters of the irreversible 6-10 wavelet transformation

Parameter Value(s)
Minit 1
Nis 7
Lg 1,1,2,1,2,1,3
Qs k Oo, 0= -1
oy o= 1,586 134 342 06
ap k= 0,460 348 209 828,
0,460 348 209 828
03 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
offy 0,0,0,-1\0,0; -1

H.4.1.2.2| Irreversible 10-18 wavelet transformation (informative)

Table H.8 — Parameters of the irreversible 10=18 wavelet transformation

Parameter Value(s)
Minit 1
Nis T
Ls 1,1,21,2,1,2,1,2,1,5
Qs k g, 0 = 1
a1 0= 0,997 150 691 05
ap = —1,005 731278 27,
1,005 731 278 27
a3 0= ~0,270 403576 31
ag k= 2205099 723 43,
2,205 099 723 43
a5 0= 0,080 599 957 36
ag = —1,626 825323 50,
1,626 825 323 50
a7 0= 0520403576 31
ag = 0,604 046 642 50,
—0604 046 642 50
ag o= 0,827 750 648 41
a1,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 0,0,0,-1,0,0,0,-1,0,0,-2
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H.4.2  Example of a structure for lifting implementation of half-sample symmetric wavelet transformations
(informative)

The lifting steps given in Figure H.17 guarantee that the filters implemented are half-sample symmetric. The parameters
o, k used in Figure H.17 are different from those used in all other sections. The function R(x) is either the identity R(x) = x

(for irreversible transformations) or R(x) = [x;f s

] for reversible transformations.

vn, y,=x,

my = (‘ULO
k=0
j=0

l

1, Voot = Vot = R Vo1 )

(Initializations)

tgh-passitmeg stepy—

Yes

No
(lowpass lifting step)

V0, Y2y = Van = R - (00" V2o (high-pass lifting step)
m.

Bo.j:—,'f
(123 ay,)
i=0

V0 Yair = Vo — R (Bo,j' V2 = Y2p2))

j=j+1
m;=-m;
!
v

—1
2By0.4 (low-pass lifting step)
V8, Y2, = Vo + RAY - Vap)

YLy, =y, T R Z Oopr - (Vzn—lfz,' 7y21r1~21)) (low-pass lifting step)
=0

l

k=k+1

Yes

L1
Y, Yy =V, T R Z Oy " (V29 = Vo) (high-pass lifting step)
j=0

l

k=k+1

T.801(21)_FH.17

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

Single sample overlap discrete wavelet transform, 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
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memory-g
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wavelet tfansformation to blocks of samples which overlap by one row and one column, which enables a loy

block-bas
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which ove

1.2
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then no
following

1.2.1
This subc

Consider
image do
componer
of any giy
PPy are s
A6.2).P

all resolutlion levels except r= 0 where they are allowed to be zero.

:I Itl uduutiuu tU bil |g=c balllp:c UVCTI thpil Y
K specifies three possible extensions.

block anchor point (CBAP) extensions concern the partitioning of sub-bands into codesblecks, a
fficient implementations of the DWT, as well as memory-efficient geometric manipulations of cq
h (90°, 180° and 270° rotations, and mirror operations).

e sample overlap (SSO) extension (see 1.3.1 and 1.3.2) concerns the independent-application of th

bd implementation of the discrete wavelet transformations, both forward and inverse.

ngle sample overlap (TSSO) extension (see 1.3.1 and 1.3.2) concerns the partitioning of images into i
rlap by one row and one column of samples.

The code-block anchor points (CBAP) extension

heters z, and z are signalled in the Scod marker parameter (see clause A.2.3). If they are both equ
odification need be made to Rec. ITU-T T.800 | ISO/IEC 15444-1. If either of z, and zy is equal to
modifications to annexes of Rec. ITU-T T.800 | kSO/IEC 15444-1 need to be made.

Division of resolution levels in precincts

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

h particular tile-component and resolution level whose bounding sample coordinates in the reduced
main are (trxg, tryg) and (trx;—1;try;—1), as already described. Figure 1.1 shows the partitioning o
t resolution level into precincts. The precinct is anchored at location (zy, z), so that the upper left h3

gnalled in the COD-gr.€OC marker segments (see Rec. ITU-T T.800 | ISO/IEC 15444-1, clauses
Px and PPy may be different for each tile-component and resolution level. PPx and PPy shall be at

PPx
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T.801(21)_FI.1

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

trxl—zx] _ ltrxo—sz tra. > trx
numprecinctswide = <[ 2PPx 2PPx |7 T 0 (1-1)
0, otherwise
[tryl—zyl _ ltryo—zyJ tr S tr
numprecinctshigh = ( 2PPy 2Py |0 T Yo (1-2)
0, otherwise

Even if Equations I-1 and I-2 indicate that both numprecinctswide and numprecinctshigh are nonzero, some, or all,
precincts may still be empty as explained below. The precinct index runs from 0 to numprecincts — 1 where numprecincts
= numprecinctswide - numprecinctshigh in raster order (see Figure 1.1). This index is used in determining the order of
appearance; in-the r‘nrlncfrnnm, of pnr‘l{nft r‘nrrnl:pnnrling ta cach prar‘inr‘f' as avplninnrl in-RecITU-T T 800 ISO/IEC

15444-1, Clause B.12.

The partitjon element associated with integers m and n has a corresponding precinct within the codestream,hav|ng upper-
left and Idwer-right corners (px,, py,) and (px;- 1, py;- 1)given by the following equations, whenever px; ¥ px, and
Py1 > Pip:
pxo = max{trx,, z, + m - 2PP*}

pyo = max{try,,z, +n - 2PP¥}
px, = min{trx,, z, + (m + 1) - 2PP*}
Py, = min{tryl,zy +(m+1)-2PPY}

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

This precinct maps into the three sub-bands (N —r + 1)HL, (N_ — r +0)'H and (N —r + 1)HH with upper-left gnd lower-
right corners (pxg, pyg) and (pbxy — 1, pby; — 1) where:

pbx, = [pxozﬂ] + (1 —x0p)z, (1-3)
phyo 22222 4 (1 - yo,)z, (1-4)
pbx; = [ml;ﬂ] + (1 —x0p)z, (1-5)
pby, = [222%] + (1 - yo,)z, (1-6)

where xof and yop, arégiven in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table B.1.

It can happen thata precinct is empty, meaning that no sub-band coefficients from the relevant resolution levgl actually
contributg tothe-precinct. This can occur, for example, at the lower right of a tile-component due to sampling with respect
to the refdrence grid. When this happens, every packet corresponding to that precinct shall still appear in the cpdestream
(see Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause B.9).

1.2.2 Division of the sub-bands into codeblocks
This 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

1.2.3 Resolution level-position-component-layer progression
This subcfause replaces Rec. ITU-T'T.800 | ISO/IEC 15444-1, clause B.12.1.3.
Resolutiop level-position-component-layer progression is defined as the interleaving of the packets in the following order:
forea¢hr =0, ..., Nyax
fof each y =tygi.... , ty1—1,

for each x = txg, ..., tX1—1,

foreachi=0,..., Csiz—1

if ((y - ) divisible byYRsiz(i) - 2P0 *Ne®=T) OR ((y = ty) AND ((tryp — 7,) - 2"~ NOT
divisible by 2PPY(rD+NL(D-TY)

if (x — zy) divisible byXRsiz(i) - 2PPXD+NLD=T) OR ((x = txg) AND ((trxo — z,) - 2V:®~7 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 Rec. ITU-T T.801 (06/2021) © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 15444-2:2021 (E)

X—Zx l [ y-zy
_ | Ixrsiz@)-2NL~T trxo—2y , . . YRsiz(i)-2NL™T tryo—zy
k="psen |~ lzPPx(ri)J + numprecinctswide(r, i) - el Il oo (1-7)

1.2.4 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 = txg, ..., tX1-1,

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+NLO=T) OR ((y = tyg) AND ((try, =zy)- 2Ve{0~" NOT
divisible by 2PPY(D+NL(H-TY)

if ((x —zy) divisible by XRsiz(i) - 2PPXD+NL(D=T) OR ((x = txg) ANDA(Erx, — zy) - 2V [9~7 NOT
divisible by 2PPX(mD+NL(D=T))

for the next precinct, k, if one exists, in the sequence shownlinFigure 1.1
foreach1=0,..,L-1
packet for component i, resolution level r, layer I, and precinct k.

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

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

1.2.5 Component-position-resolution level-layer progression
This subcjause replaces Rec. ITU-T T.800 | ISO/IEC 15444-1, clause B.12.1.5.
Componept-position-resolution level-layer progression is defined as the interleaving of the packets in the following order:
forea¢hi=0, ..., Csiz—-1
foneachy =tyg, ..., ty;—1,
for each x = txg, ..., tX1—1,
for each r = 0, ...\ “'where N;_is the number of decomposition levels for component i,

if ((y— Zy) divisible by YRsiz(i) - 2PPYTD+NLO-T) OR ((y = tyo) AND ((try, — z,) - oNLD-" NOT
divisipte by 2PPYmD+NL(D-TY)

If (x — 2,) divisible by XRsiz(i) - 2PPXr-D+M.0)-T) OR ((x = txg) AND ((trx, — z,) - 2V NOT
divisible by 2PPX(mD+NL(D=TY)

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

foreachl=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
for a particular spatial location in a particular image component.

1.3 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.
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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_SR_SSO procedure is iterated over the levLL, levLX or levXL sub-band produced at each iteration. Finally, the sub-
band ag | (Ugr 1, Vor 1) is the output array I(X, ).

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

No

Aey—1LL = 2D_SR_SSO(y115 Qpeprits pevtirs Apevties Yoo Uys Voo Vis XCppor 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

1.3.1.2 [The 2DsSR_SSO Procedure

The 2D_$RSSO procedure is identical to the 2D_SR procedure described in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
clause F.3.2y.except for the addition of the parameters XCiay, YCjey (S€€ 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 uses the
2D_INTERLEAVE procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.
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2D SR _SSO

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

!

a=HOR_SR_SSO(a, ug, u,, v, v, XC,,,)

1.3.1.3

The HOR
clause F.3

1.3.1.4

The VER
clause F.3

1.3.1.5

The 1D_S
clause F.3
replacemg
parametef

1.3.1.6

The 1D_R
and outpu

!

=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

The HOR_SR_SSO procedure

| SR_SSO procedure is identical to the HOR_SR procedure described in Rec. ITU-T T.800 | ISO/IEQ
.4, except for the addition of the parameter xC, which'is used by the 1D_SR_SSO procedure (see 1.3

The VER_SR_SSO procedure

2021 (E)

15444-1,
1.5).

Let kg be

and N is

© ISO

| SR_SSO procedure is identical to the VERISR procedure described in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
.5, except for the addition of the parameter'yC, which is used by the 1D_SR_SSO procedure (see 1.3|1.5).
[The 1D_SR_SSO procedure
R_SSO procedure is identicalsto the 1D_SR procedure described in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
.6, except for the addition of-the parameter dC (which is an input to the 1D_FILTR_SSO procedurg) and the
nt of the 1D_FILTR pracedure by the 1D_FILTR_SSO procedure (see 1.3.1.6). The parameter dC iseither the
XC (if called by the HOR_SR_SSO procedure) or the parameter yC (if called by the VER_SR_SSO pfocedure).
The 1D_FILTR_SSO procedure
ILTR_SSQOprocedure is a modification of the 1D_FILTR_WS procedure described in clause G.2.2.2.[The input
t parameters of the 1D_FILTR_SSO procedure are given in Figure 1.5.
X
e
o i ID_FILTR_SSO -,
dC
T.801(21)_F1.5
Figure 1.5 — Parameters of the 1D_FILTR_SSO procedure
defined by:
i
ko = |2 (1-8)
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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)

where the function PSEq(i, ig, i7) is defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation F-4.

1.3.1.6.1 | Reversible transformations

This subglause specifies for reversible transformations the modifications of each lifting step s)as spgcified in
Equation [5-2. The modification of Equation G-2 ensures that each coefficient V(2n + mg) is calculated exclusively from
coefficienfts the indices of which belong to the same interval I, as 2n + ms. At each lifting step; all values| V(np) for
{nplmod(fpp, dC) =0;p =0, 1, ..., N;} if any, remain unmodified, while all other values V(2n+ 1) (i.e., for whi¢h 2n + mg
belongs tq a single interval I,) are modified according to Equation 1-12:

(z,ﬁigl o' (V(PSEQ p(2n+ms—(2k+1)))+V (PSE0 p (Zn¥as+(2k+1)))) )+ s

28s

V3n+mg) =V(2n+my) — (1-12)

1.3.1.6.2 | Irreversible transformations

This subglause specifies for irreversible transformations the modifications of each lifting step s as spgcified in
Equation [5-6. The scaling steps specified in Equations G-4 and-G-5 are not modified. The modification of Eqyation G-6
ensures that each coefficient V(2n + m;) is calculated exclusively from coefficients the indices of which belpng to the

same intefval 1, as 2n + mg. At each lifting step, all values¥/(ny) for {ngimod(n,, dC) =0; p=0, 1, ..., N;}, [f any, are
modified pccording to Equation 1-13:

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

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

V(2n+my) = V(2n+mg) —(B3y dox - (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 selection ofthe*'SSO extension requires a modification of the 1D_FILTD_WS filtering procedure described in clause
G.3.2 (thilD_FILTD_SSO procedure), as well as a modification of the FDWT, 2D_SD, HOR_SD, VER_SD and 1D_SD
procedures “specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, Clause F.4 (the FDWT SSO, ZDT
HOR_SD_SSO, VER_SD_SSO and 1D_SD_SSO). These modified procedures are specified in this subclause.

SD_SSO,

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)
Yes

> lev>N, s\ Done

~%

(Werirs Vevrins Cieriri Vo) = 2D_SR_SSO(a,, 1115 gy 1y, vy v, XC,

ev?

L =XC,, 2

ev

YCI ev‘)

X C.’c‘v
YC,, ., = YC,, /2

lev

lev=lev+1

| T.801(21)_F1.6

Figure 1.6 — The FDWT_SSO procedure

1.3.2.2 [The 2D_SD_SSO procedure

The 2D_8D_SSO procedure is identical to 2D_SD procedure specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause
F.4.2, exgept for the addition of the parameters XCyey; YCiey (See Figure 1.7), which are respectively used by the
HOR_SD| SSO and VER_SD_SSO procedures (seel;3.2.3 and 1.3.2.4).

1.3.2.3 [The HOR_SD_SSO procedure

The HOR|] SD_SSO procedure is identicalto the HOR_SD procedure specified in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
clause F.4.4, except for the addition of the parameter xC, which is used by the 1D_SD_SSO procedure (see 1.311).

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/IEQ 15444-1,
clause 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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2D SD SSO

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

!

a=HOR_SD_SS80(a, uy, u,, vy, v, XC,,,)

1.3.25 [The 1D_SD_SSO procedure

The 1D_S$
clause F.4
replacemg
the paran

1.3.2.6

The 1D_H
and outpu

1.3.2.6.1

This sub
Equation
coefficien
values V(
(i.e., for v

!

(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

D_SSO procedure is identical to the 1D_SD procedure“specified in Rec. ITU-T T.800 | ISO/IEC

The 1D_FILTD_SSO procedure

ILTD_SSO procedure is a modification of the 1D_FILTD_WS procedure described in clause G.2.2.2,
t parameters of the 1D_FILTD.SSO procedure are given in Figure 1.8.

Reversible transformations

lause specifies for~reversible transformations the modifications of each lifting step s as sp
5-8. The modification of Equation G-8 ensures that each coefficient V(2n + m) is calculated exclus

ts the indices.of\which belong to the same interval I as 2n + ms. As a consequence, at each liftin
hp) for {nplmod(np, dC) = 0; p =0, 1, ..., N}, if any, remain unmodified, while all other values \
hich 2n+-mg belongs to a unique interval I,) are modified according to Equation I-15:

re ts o' (V(PSEQ p(2n+ms—(2k+1))) +V (PSE p (2n+mg+(2k+1)))) )+ s

15444-1,

.6, except for the addition of the parameter dC (which'is an input to the 1D _FILTD_SSO procedurg) and the
nt of the 1D_FILTD_WS procedure by the 1D_FUW=TD_SSO procedure (see 1.3.2.6). The parameter d[C is either
eter xC (if called by the HOR_SD_SSO precedure) or the parameter yC (if called by the VER| SD_SSO
procedurg).

The input

beified in
vely from
j step, all
(2n + m)

V(2

(1-15)

1.3.2.6.2

L+m) =V(2n+m.) + |l(Z

rAd J

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)

(1-16)
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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)))))

(1-17)

The scaling steps specified in Equations G-10 and G-11 are not modified.

Y
—_—>
el ID_FILTD SSO .S
dC
ST
T.801(21) FI.8

1.3.3

The selec
both forw
samples e
YC, z, and

1.3.3.1

SSO bloc
block are
of XC (s¢
column of

1.3.3.2

To maxi
mod(YTsi

To maxin
YTOsiz =

1.3.4
1.3.4.1

Figure 1.8 — Parameters of the 1D_FILTD_SSO procedure

Selection of single sample overlap parameters (informative)

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

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

y

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

s are of width XC + 1 and height YC + 1 in the image tile companent' domain. The first and last row
hlways located at multiples of YC, while the first and last column(of'a SSO block are always located af
e Figure H.7). Two neighbouring SSO blocks overlap by eithér one row of samples (vertical neighb
samples (horizontal neighbours), or just one sample (diagonal neighbours).

Selection of tile parameters (informative)

ize coding efficiency, the following selection ef‘tile parameters is recommended: mod(XTsiz, XQ
, YC)=0.

nize memory efficiency, the following-Selection of encoding parameters is recommended: XTd
2y.
SSO examples (informative)

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

The first [§fting step is:

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

Vext(2n+1)=Vext(2n+1)—l Jfori0<2n+1<i1—1

Vet Cn+1) =V, 2n+ 1) = V,,,2n+2) for2n+ 1 =i,

blocks of
h are: XC,

of a SSO
multiples
DUrs), one

=0 and

Siz = zy,

(1-18)

(I-19)

andV,,,2n+1) =V,,;2n+1) = V,,,2n) for2n+1=1i; — 1

The second lifting step is:
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1.3.4.2
The first |

The secor]
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: ! n
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! !
! !
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+ > T.801(21)_F1.9

XC+1

Figure 1.9 — Position of SSO blocks

(2n) =V,,,(2n) + lVe"t(zn_1)+Ze’“(2n+1)+21 for iy < 2n < i; — 1 and mod( 27;dC) # 0

Vext(2n+1)+1

Vere(2n) = Vo 2n) + l 5 J for 2n = i; and mod(2n,dC) # 0

Vert 2n) =V, (20) + le for 2n = i, — 1 and mod( 2n,dC) # 0

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

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

ifting step is:

Ve(2n+1) =V, (2n +1) — (w) forip<2n+1<i,—1

Vot @n+1) =V,,,2n+1) =V, (2n+ 2) for2n+ 1 = i,

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

Vo5d(2n) =V, (2n) + (Ve’“(zn_l)zve’“(zml)) foriy, < 2n < i; —1andmod(2n,dC) # 0

108

Vexe(2n) = Vo e (20) + %ﬂﬂ) for 2n = iy and mod( 2n,dC) # 0

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

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

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

(1-21)

(1-22)

(1-23)

(1-24)

(1-25)

(1-26)

(1-27)

(1-28)

(1-29)

(1-30)

(1-31)
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1.3.4.3 lllustration 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 (1-32)
Vert n+ 1) =V,,.,2n+ 1) + 2aV,,;(2n+ 2) for2n+ 1 = i, (1-33)
and V,,;,(2n+ 1) =V, 2n+ 1) + 2aV,,,(2n) for2n+1 =i, — 1 (1-34)

The second lifting step is:

Verte 21) =[Vort Cn) + B(Vere @n — 1) + V), @n + 1)) for iy < 2n <i; — Tandmod(2n,dC) # 0 (1-35)
Vere 2n) = Vort 2n) + 2BV,0: (20 + 1) for 2n = iy and mod(2n,dC) # 0 (1-36)

Vet 2n) =V, (2n) + 28V, (2n + 1) for 2n = i; — 1 and mod( 2n{dC) # 0 (1-37)

and V,,.(2n) = (1 + 2B)V,,+(2n) for mod(2n,dG)= 0 (1-38)

The third fifting step is:

Vort 21+ 1) = Ve @+ 1) + ¥(Vore (2n) + Ve 20 + 2X) for ig < 2n+1 < iy — 1 (1-39)
Vert Cn+ 1) = Voo  n 4+ 1) + 23V @2n + 2) for 2n+ 1 = i (1-40)
and Vo, 2n + 1) = Voo 20+ 1) + 2yV,, (2n) for2n+1=i; — 1 (1-41)

The fourth lifting step is:

Vot 1) F Vorot 2n) + 6 (Vope 2n — 1) & (Vext(Zn + 1)) for iy < 2n < i; — land mod(2n,dC) # 0(1-42)

Vere )=V, (2n) + 26V, (2n + 1) for 2n = iy and mod(2n,dC) # 0 (1-43)
Vesz@2n) = V,,.,(2n) + 26V, (2n + 1) for 2n = i; — 1 and mod(2n,dC) # 0 (1-44)
and V.. (n) & (1 +28(1+2a) +25 (1+2y(1+ 2801 + 2a)))> V... (2n) for mod(2n, dC) = 0 (1-45)

The scaling steps are the same for all coefficients.

1.4 The TSSO extension

This 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
(i.e., Filt_cat = WS) may be used.
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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)
tyo(p,q) = max(YTOsiz+ q - YTsiz — (1 — Vovlp), YOsiz) (1-47)
tx1(p,q) = min(XTOsiz+ (p + 1) - XTsiz + Hovlp, Xsiz) (1-48)
ty1(p,q) = min(YTOsiz+ (q+ 1) - YTsiz + Vovlp, Ysiz) (1-49)

Tiles are ¢f width txy(p, ) — txo(p, ) = XTsiz + 1 and height ty;(p g) — tyo(p, q) = YTsiz + 15They overlap by ohe column

and one rgw as shown in Figure 1.10 in the case of Hovlp = Vovlp = 0. The parameters Hovlp and Vovlp may hayve a value
of zero or|one.

\ XTiz+]
1
i‘Xﬂh_
: ! ! :
1 1 1 1
f ! p H
TOi| TI || F2.0| T3 i| T4
A F T
4'\-] N 1 : 1 1
Bl T5 1| Ty T7 1| T8 1| T9
S i ! i i
B | ! 1 1
y ---—-- 18- e o mtnintadnt Lp--—---1
: ! : :
TIOH| T11 | TI2 0| TI3 i| TI4
! i : !
TI5!| T16 || T17 }| TI8 }| TI9
! i : !

T.801(21)_FL.10
Figure 1.10 — Tiling of the reference grid diagram

The tile pprameters\XTsiz and YTsiz shall satisfy the following equations:

mod(XTsiz, R, - 2"t) = 0 and mod(YTsiz, R, - 2Vt) = 0 (1-50)

where Ry and Ry are the lowest common multiples of sub-sampling factor XRsizl and YRsiz!.

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
respectively, 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 of XC
and YC erectively, 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 is. reComnmended:
XTOsiz =|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 is not performed when using any of the multiple component transformation procedures in this
annex. Procedures exist in this annex that may be used in place of the DC level shifting described in Rec. ITU-T T.800 |
ISO/IEC 15444-1 .

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

There are|two multiple component transformation techniques presented in this aninéx. The first is an array-basefl multiple
component transformation which forms linear combinations of components to'réduce the correlation of each cgmponent.

several transformations of smaller dimension.Frequently such splitting may be done with little loss in compression
ce. Component collections alse-allow the application of array-based and wavelet-based transformptions, on
different ¢ollections, within the same comipressed codestream.

It is possiple using the techniquestin this annex to generate more or fewer output (reconstructed image) compopents than
the numbgr of components engoded in the codestream. This allows encoders to transform original image compdnents into
a new dotnain and discard those transformed components containing little or no information prior to the creation of the
compress¢d codestream.®The encoder can nevertheless instruct a decoder on the proper way to regeherate an
approximation to thegriginal components given only the reduced set of codestream components. An encode] may also
use the multiple component transformation processes to provide such functionality as generation of pseudp-color or
grayscale [renditiens of a multiple component image.

The technliqli€s described in this annex are powerful and can serve many different uses. This annex does not| prescribe
how to apu:y these-techt |;quco toa |||u:t;p:c componet it ;IIIQHC tothcrease—con 1ot esstorreffictet €Y, fretther-doest describe
the many possible applications of these techniques. A detailed example is included in clause 0.3 which attempts to
illustrate some of their flexibility. Procedures are defined in this annex which strictly control the usage of the multiple
component transformation techniques. These procedures ensure that any decoder conforming to this annex will
successfully decode properly formed codestreams that use these techniques. As with any set of powerful tools, it is quite
easy to make unintended errors, and great care should be exercised in adhering to the procedures of this annex in
application of multiple component transformations.

J.2 Overview of inverse processing

A powerful characteristic of this multiple component transformation annex lies in its ability to accommodate multiple
decorrelation techniques within the same framework and allow reconstruction using a generalized decoder.
Reconstruction in this case includes inverse decorrelation transformation (e.g. KLT, etc.), inverse dependency
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 split into a series of two or more marker segments. It is possible
that a codestream may contain multiple series of marker segments in a main or first tile-part header. The marker segment
index (Imct or Imcc) is repeated within each marker segment in the series. The data in a series of marker segments with
the same markersegmentindex-dmet-or-tmec)are-groupedtogether—Fhe-entire-series-ofmarkersegmentsshal] be found

in the same header, either the main header or the first tile-part header.

A field infeach of the markers (Ymct or Ymcc) indicates the total number of marker segments that are used to qonvey the
transformption information associated with that particular marker segment index (Imct or Imcc). A second field (Zmct or
Zmcc) indicates the placement of a particular marker segment relative to all others in the same headeér sharing the marker
index. When transformation information is distributed across more than one marker segment, the’parameter lists from the
marker sefjments are concatenated byte-wise in order of increasing Zmcc or Zmct. When suchconcatenation is completed,
the resulting stream of parameters is then treated as if it had been transmitted in a single marker segment. The text that
follows agsumes 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@ transform that takes as its inputs|the set of
spatially feconstructed components from the codestream created by fwo-dimensional inverse wavelet trangform and
produces p set of reconstructed image components. Each multiple cerdponent sample is reconstructed by applying the
processing steps as indicated in the codestream. The inverse transformation process is carried out in a serigs of steps
known ag transformation stages. The MCO marker segment (See“Annex A.3.9) applicable to the given til¢ contains
informatign regarding each of these stages. Specifically, the Nmco field of the MCO marker segment gives the number
of transfofmation stages that will be applied during inverserocessing.

Procedure MCO_TRANSFORM

Invlerse Invdrse

spjtial | | M TRANS, | %9l MCC_TRANS, ||— | |MCC TRANS,, | | nOP-ljnear
wayelet - point
trangform T T transform

i i T.801(R1)_FJ.1
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 Nmco 9 0.fora tile, then no inverse multiple component transformation is performed on this tile and the jth recpnstructed
image cormmmmmﬁe were no
multiple component transformations in use. The DC level shifting of tile-components described in Annex G of Rec.
ITU-T T.800 | ISO/IEC 15444-1 is performed. The CBD marker segment, which is required with multiple component
transformations, still applies to tiles where the multiple component transformation has been turned off. In fact the CBD
marker segment applies to all tiles in an image that utilizes multiple component transformations. Since there may be
different transformations in use in different tiles, the CBD marker segment shall be constructed to accommodate the
largest bit depths found in all tiles for a given component.

When a transformation is performed, the kth Imco field of the MCO marker segment contains the index of the MCC
marker segment (see clause A.3.8) that applies for the kth stage of the inverse transformation. It is recommended, but not
required, that decoders complete all processing within a given stage of the inverse transformation before beginning the
next stage. (It is possible that an intelligent decoder might be able to determine only those processing steps required to
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

k=0
1,=8
Ll
N
2 R= Iy Done
Yes
I,,,=MCC_TRANS(k, I))
k=k+1
| T.801(21)_FJ2
Figure J.2 — Procedure MCO_TRANSFORM

The multiple component transformation mechanism;does not place restrictions on the bit depths of the reconstructed
image components. Furthermore, it is possible fer the number of spatially reconstructed components to diffef from the
number of reconstructed image components. JJtherefore, when using the multiple component transformation mechanism,
a CBD marker segment (see clause A.3.6) shall be used. This marker segment indicates the total number of output image
components and their respective bit depths-after the inverse multiple component transformation is applied. Onlyjone CBD
marker sefment may appear in the main_header of the codestream. Thus all tiles in an image shall contain the sanje number
of compopents, and the component bit depths in the CBD marker segment shall be of sufficient magnitude to| cover the
maximun] bit depth of a compenent across all tiles.

When mufltiple component transformation processing is used, the SIZ marker segment (see clause A.2.1) shall indicate
the numbgr and bit depths.of the components in the codestream after the inverse two-dimensional wavelet trapsform. In
other words, the S})Zxnarker segment indicates the bit depths of codestream components after the forward multiple
component transformation. This interpretation of the SIZ marker segment is subtly different from its interpretafion under
other decpding processes in this Recommendation | International Standard and Rec. ITU-T T.800 | ISO/IE] 15444-1,
where it i$ used to indicate the number of output image components and their bit depths.

J.2.2 Multiple component transformation stage (MCC_TRANS)

Figure J.3 illustrates the processing involved in a single stage of the inverse multiple component transform. Within a
given stage, a set of one or more CC_TRANS operations is performed. The order in which these operations are performed
is unimportant; the syntax rules of the MCC marker segment guarantee that the CC_TRANS operations within a stage
can be performed in parallel.

The set of input components available to the kth transformation stage, where ke[0, 1, ... , Nmco-1], is the set of
intermediate components 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 Csiz
components, where Csiz is indicated in the SIZ marker segment. If S(n) is the n" spatially reconstructed component, 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
relevant MCC marker segment for the kth stage of the inverse muItlpIe component transformatlon is obtained from the
ImcoX field-o is given in
Figure J.4. (This flow dlagram applles the CC_ TRANS operatlons in the order that coIIectlons appear WI'[hIn the active
MCC matlker segment.)

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

; G W, .
Ik(O)D c’ P .’ L, JAN()

! 1.1
Ik(l) : C;) WZO k 1( )
: 1:4(2)
L) b T O
: > L (NI —4)
_ I |ttt 4 B) " gininii ittt
[Nl —3) : CC_TRANS(Qmee(k)&1) i > LN, —3)
l'k(Nl,.‘, - 2) | C()mcc 1 I/V(())mcctlr) 1 i > 1k+l(le+L — 2)
T(NL, - 1) : et Ly (NI = 1)
1 mee(k)-1 iy i ‘ ‘
— C:‘) s TQ & WIquAH !
: C;)mcc(kkl WQmLL(A) :

L e o S\ ] T.801(21)_FJ.3

Figure J.3 — A single multiple.component collection transformation (MCC_TRANS) stage

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 115


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

ISO/IEC 15444-2:2021 (E)

MCC TRANS(K)

i=0
No
Done
Yes
v
CC_TRANS(I,.i,1,. )
i=it1
| T.801(21)_FJ.4

Figure J.4 — Procedure MCC_TRANS

J.2.3 Transformation component collection (CC_TRANS)

The procgssing flow to transform a given component collection is4Hustrated in Figure J.5. The figure shows the location
of relevarit MCC marker segment fields for the ith component collection within that marker segment. Each cpmponent
collection| within a transformation stage performs one of a ntimber of different processing steps defined in spibsequent
clauses of this annex. The ith component collection operates on a subset, I}, of the input intermediate cqmponents
available ft the current transformation stage, k, and it produces some subset, I% . ,, of the output intermediate cdmponents
from the qurrent transformation stage. In the figure, €mccl = {Cmccii}, V je[0, 1, ..., Nmcc! — 1], and Wmccl = {Wmccli},
v jel[0, 1)..., Mmecl — 1]. For each of the component collections within the relevant MCC marker segment, the[following
subclausep, in order, describe the processing that occurs. (These subclauses parallel the functional blocks in Figure J.6.)

All of the| transformation methods specified in this annex make use of component collections. A component collection
consists of a list of input component(indices along with a list of output component indices. Component collgctions are
defined wfithin the MCC marker segment (see clause A.3.8). The input component list of a collection specifieq the order
in which [ntermediate components input to the stage are accessed by the transform. In particular, for the ith gomponent
collection[within the kth transformation stage, the jth input transformation component, C?, is given by 1,(Cmc¢l), where
0 <j < Nmccl. Similarly, the output component list of a collection specifies which intermediate components output by the
stage are [filled by anlassociated transform. Output component Wji (where 0 < j < Mmcci) from the transfofmation is

assigned tp intermediate component 1y + (Wmccl). The indices Cmecll and Wmccll, and the numbers of input and output

components, Nmgc! and Mmcc!, all appear in an MCC marker segment. The component collection mechanism pllows for
permutatipn’af,components at both input and output of the associated transformation.

The number of output components may be greater than, less than, or equal to the number of input components. Some
restrictions are placed on the relationship between the number of input and output components depending on the type of
transformation associated with a collection, as is described later. Also, all components appearing on the input list of a
collection shall have the same sample dimensions, as given in Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-13. This
ensures that a sample from each component in the collection will be available at common locations on the reference grid
by enforcing a registration of the input components in the collection.

The transformation that operates on the ith collection is identified in the 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.2.3.1 Define input component collection (DEF_INPUT_CC)

For the current collection, i, the set Ci of input components for the transformation is formed by selecting a subset of the
available intermediate components, 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
identically zero. (The informative example in clause O.3 illustrates a potential use of null components.).

When for'ning aseries of transformation stages. that work tngnthnr, care shall be taken in the gnnnrnfinn of the gutput and

input confponent lists between successive transformation stages. It is not permitted for an output component pumber in
stage k—1[to exceed the value NIy — 1 for the current transformation stage k.

J.2.3.2  Apply transformation (APPLY_TRANS)

Given th¢ input component set Ci, which contains Nmcci components, the selected inverse multiple cbmponent
transformption is applied. The Xmcci field of the active MCC marker segment indicates thé-type of transformgtion used
to transfofm the ith component collection. The allowed transformations and their application are discussed in ¢lause J.3.
The Tmcg' field of the active MCC marker segment provides additional information that is required for the |particular
transformption, such as pointers to transformation array coefficients contained in‘an*MCT marker segment ($ee clause
A.3.7), wavelet transform kernels contained in an ATK marker segment (see clause A.3.5), number of waveletftransform
levels, anfl indicators of the reversibility of the transform. In the case of the-wavelet transform, the Omccl|field also
provides the equivalent of a tile offset for the one-dimensional waveletctransform. Application of the trangformation
results in p set of output components, Wi, which contains Mmcc! compehents.

J.2.3.3 JAssign output components (MAP_OUTPUT_CC)

The transformation for the ith component collection produces'thie set of Mmcci output components, Wi. The Wi are then
assigned fo a subset of the output intermediate companents from the stage, lx+1. Specifically, output comgonent Wji

(where 0 K j < Mmccl) from the transformation is assigneéd to intermediate component ly.1(Wmcc). This sulpset of the

output inttrmediate component is also referred to agds , ;. The Mmcc! and Wmccll values are found in the ith component
collection|of the active MCC marker segment for the kth transformation stage.

It is requited that no output intermediate comiponent appear more than once in the union of all output componentcollection
lists withip a particular MCC marker segment (i.e., Wmcc! n Wmcdl = &,V i # j). This rule implies that all component
collections may be transformed in paralel without danger of overwriting previously computed results. As nojed above,
the outpuf component list may be.incomplete, thus allowing the transformation stage to create null components. The
maximun] output component number may not exceed Nly+1 — 1, the maximum input component number of the slicceeding
transformption stage. There js no requirement that the output component collection list be complete for| the final
transformption stage. However, the utility of such null image components is dubious, and their use is not recopmended.

J.3 T ransformations

This subcjauSe details the mathematlcs mvoIved in the appllcatlon of an mverse multlple component transformation. It
also descili active MCC
marker segment that are required for application of the speC|f|c 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

in the Imct parameter against the Tmcc! transformation array index, and then matching the Xmec! transformation type
against th-‘\ array typc fornd ilnI thc !mr\f naramaotar I:Gr thn nffont nrravs th noroanata MCOCT marlkkar conm .“.t : found by

a\ an a a
TOUTTo T CrpTrar e teT—T tC oottty tic P PTopriatcIvic T o ke oTyriie

matching [the MCT marker segment index found in the Imct parameter against the Tmcci offset array ipdex| and then
checking that the array type found in the Imct parameter indicates the array is an offset array. An index of zefo {n a Tmccl
field indigates a null transformation or offset array, so that particular transformation steps may be skipped. For each of
the array-pased transformations discussed in this subclause, the number and storage order of the,coefficients vithin the
MCT marker segment is defined.

J.3.1.1 [Decorrelation transformation

The decofrelation transformation type provides for an unconstrained linear compination of input comporjents with
additive gffsets for each result. This transformation structure enables full matrix transformations such as the KLT.

J.3.1.1.1 | Irreversible decorrelation transformation

The irreversible decorrelation transformation consists of a matrix multiplication of the input components fojlowed by
application of an additive offset. The transformation is applied by usingEquation J-2.

Wy = tooCo + to1Cy + t02Cy + toaCa*t. .. +to—1)Cn-1 + 0o
W1 = t;0Co + t11C; + t12C; +%9Cs+. .. +tyy_1yCnos + 04
W2 = t30Co + ta1Cy + t52Co BrtpsCat... +tay_1yCno1 + 0
W3 = t30Cy + t31C; + t3,65 + t33C5+. .. +t3(N_1)CN_1 + 03

: (-2)

If the decgrrelation transformation array index-provided by the Tmccl field for this component collection is zerg, then the
coefficients tjj are given by tj; = 1 for i = jland tj; = 0 for i = j. If the decorrelation transformation array index i$ not zero,
then the rgferenced MCT marker segroent contains M - N elements. The coefficients tjj are stored in the markgr segment

in the follpwing order: tgyg, tog, --- % ton — 1) t1os 1ty s AN - 1), - YV - 1)(N - 1)
If the offdet array index provided by the Tmcc! field for this component collection is zero, then the coefficignts o; are

given by ¢; = 0. If the offset.array index is not zero, then the referenced MCT marker segment contains M elements. The
coefficients o; are storéd’in the marker segment in the following order og, 04, ..., Opm _ 1.

For an irrgversiblexdecorrelation transformation, the number of input components, N, is not required to equal the number
of output pomponeénts, M.

J.3.1.1.2 “HerwareHrreversible-decorrelation-transformation-{informative)
At a particular spatial location, (x, y), the M image components to be transformed are denoted by Wg, W1, ..., Wp_1. 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 t pnllml the number of output components, M This is true even rhnugh the number of cinglp element linear

transformptions applied in the processing is N + 1. The transformation is applied by the following set of equatipns:

Let tempdrary variable P be defined as:

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 gl =01, N—1 (3-4)

Li(N-1-1)

Py_1_1=PTy_14

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

shall be generated in order and the single output term corresponding to that sum, Py _ 1 _}, shall be adjusted pefore the
next sum js 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)

1/1"3—P3TU3

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

- (informative): This reversible decorrelation transform structure accommodates-a'\réversible factorization of a unjitary N x N
'm matrix that approximates its decorrelation properties. One such factprization technique, known as the |single-row
tary reversible matrix (SERM) factorization is, described in [14]. Unitarystransforms comprise a large class ¢f multiple
hent transforms (examples include the KLT). An informative example-is given in clause O.3 based upon thg technique
ed in [14].

If the decrrelation transformation array index provided by the Tmcefield for this component collection is zerg, then the

coefficien
transform
coefficien
The coef
coefficien
tnn—1)
coefficien
coefficien
the sums

If the offs
given by
coefficien
transform

J.3.1.14
At a parti

ts tjj are given by tywn - 1) = 1, tiy—1-j) = 1 forie[0,3, N — 1], and tj; = 0 for all other i j. If the dedorrelation
btion array index is not zero, then the referenced MCT marker segment contains (N + 1) - N elenpents. The
ts tjj are stored in the marker segment in the following order: tog, tog, .-, togy — 1), t10, tags s tan = 1), |- NN = 1)
icients are constrained to be integers for the reversible decorrelation transformation. Furthermore, the
ts tnv — 1) and tigy — 1 — ) for €[0, ..., Nz;1] are constrained to be exact positive integer powers of 2, while

constrained to have an absolute value equal to an exact positive integer power of 2. This subpet of the
ts is interpreted as a set of scaling factors for each of the partial sums that are formed. This allows r¢al-valued
ts to be approximated to the nearest desired fractional bit. The restrictions on the coefficient values ensure that
an be carried out, if desired;with all-integer mathematical operations.

et array index provided\by- the Tmcc! field for this component collection is zero, then the coefficignts o; are
i = 0. If the offset array index is not zero, then the reference MCT marker segment contains M elements. The
ts o; are stored inthe marker segment in the following order: og, 04, ... , Oy _ 1. FoOr the reversible dedorrelation
btion, the o;j are.yequired to be integers.

Forward reversible decorrelation transformation (informative)

cularispatial location, (x, y) the N image components to be transformed are denoted by Wg, W1, ... , W 1. The

componer

t'de-offsets are given by 0g, 01, ..., ON — 1, and the components that result from the transformation aife denoted

by Co, C1, ..., Cn — 1. The forward irreversible decorrelation transformation is applied by using Equations J-7 through

J-10. The

SERM implementation of a forward reversible decorrelation transformation is shown in Figure J.8.
PO = WO - 00
P1 = Wl - 01
P, =W, —o, (-7

P; =W; — o3

¢
So = Xieg toiP; + | OUZ ol

0
PTy_1 = lij + sgn(tow-1))Pn-1
|to(1v 1)|
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Py_y =PTy_4 (J-8)

tz(z 1)

S = XiSoirac-ny) tuPi +

PTl—l — Ll(‘;‘il)J + Pl—l |l = 1,2,... ,N (J-g)
P, =Pl 4
Co =Py
G=r
C,=P, (3-10)

C3=P3

The inputl component values are first shifted by a dc offset. The results are assigned to temporary variables [P;. The N
input conponents are then transformed in a series of N + 1 steps. In each step, exactly one of the input valuesl|is altered.
The translormation steps are carried out sequentially, and the temporary values, P;, are updated during each step and used
in subseqyient steps. In the first step, given in Equation J-8, the last temporary value is altered, Equation J-9 is then applied
N times, ith the value of | running from 1 to N. In the lth of these steps, temporary valug Py is altered. The fjnal set of
temporary values becomes the output of the transformation.

o 0
O—» —0
O— —O
O —O
O— —O
O—» —0
O— —O

T801(21)_ FU8

Figure 3.8 - SERM implementation of forward reversible decorrelation transformation

The offsetsog, 07, Oy — 1 are integer vatuedard-are inctudedimam ME T marker segment—Theoffsetarray 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.

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
2,and tj_q) fori=1,2, ..., Nshall be an exact power of 2. The coefficients that are powers of 2 can be interpreted in
the equations as scale factors for each step in the transformation. Subclause O.3 provides an informative example
illustrating a decorrelation transformation, its SERM factorization, and associated reversible implementation.
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J.3.1.2 Dependency transformation

The dependency transformation type allows for predictive transformations. Inherent in the dependency transformation is
the concept that the (j + 1)1 output component can be computed only after the jth output component is decoded. The
dependency transformation structure enables usage of prediction based DPCM-like transforms. An example of this
transformation type is given in clause O.3.

J.3.1.2.1 Irreversible dependency transformation

The irreversible dependency transformation consists of an additive offset followed by a constrained linear combination
of components. The dependency transformation is defined by the following set of equations:

Yo =Cy + 0
Y,=C +o0,
Y,=C, +o0, (-11)
Y; = (3 +0;
W, =Y,
W, =t; o)W+ Y,
W, = tyoWy + t, W + Y, (J-12)

Ws = t3oWy + t3: Wy + t3,W, + 15

Equation |J-12 implies a particular structure in the irreversible dependency ‘transformation array. Specifically, the
irreversible dependency transformation array shall be lower left triangular, with’zeros on and above the main| diagonal.
This partipular structure guarantees that the array may be processed from t@p to bottom and causality will be preserved.
This placgs a responsibility upon the encoder to form correctly thedirreversible dependency transformatiop array in
conjunctign with the input and output intermediate component colle¢tion index lists. Figure J.9 illustrates the grocessing
steps in thle irreversible dependency transformation. The box labelled, P(Wq, W1, ..., Wj _ 1), in the diagram is|where the
predictions for the current component being decoded is formed from previously decoded components.
LY

C. @ - :ﬁ » W
i + + i

P(Wo, Wi, o, W) <

OJ

T.801(21)_FJ.9

Figure J.9 — Irreversible dependency transformation

If the deppndency transformation array index provided by the Tmcci field for the i component collection is fgero, then
the coefficients tjj are/given by tjj = 0 for all i, j. If the dependency transformation array index is not zerd, then the
referenced MCT_marker segment contains M - (M — 1)/2 elements. The coefficients t;; are stored in the marker segment

in the follpwing order: tyq, tog, to1, t3g, t31, tap, ..., tmM-10 - (M- )M - 2)

If the offdet arkay index prn\/idnd h‘,’ the Tmecl fiold for the jth component collection-is-zero then the coefficiénts 0j are

given by o; = 1. If the offset array index is not zero, then the referenced MCT marker segment contains M elements. The
coefficients oj are stored in the marker segment in the following order: og, 01, ..., OM _ 1.

For a dependency transformation, the number of input components, N, is required to equal the number of output
components, M.
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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 Cq, Cq, ..., Cn— 1. The forward dependency transformation is defined by the following set of
and illustrated in Figure J.10:

W.

7

P(Wy W,y .., W)

J

equations

The offse
for this cd
for this cd
The tj; co
as those t

120424y F110

Figure J.10 — Forward irreversible dependency transformation

Co =Wy — 09
Cy =W — oy — tyoWp
Cy =Wy — 0y — tyoWo — t2 W)
C3 = W3 — 03 — t3oWy — tz: Wy — t5, W,

S 0g, 01, ... , Om—1 are included in an MCT marker segment. The offset\array index provided by the T

mponent collection should match the MCT array index. If the offsetsare all equal to zero, then the T
mponent collection can be set to zero and the offsets do not need.to be included in an MCT marker §

pfficients for the inverse transformation that are included-in the MCT marker segment are in genera

forward tfansformation, all operations are subtractions.

J.3.1.2.3

The rever
compone

Reversible dependency transformation

5ible dependency transformation consists ofan additive offset followed by a constrained linear comi

(-13)

mcc! field
ncei field
bgment.

the same

hat appear in forward transformation equation. In Equation J-12, all operations are additions, whereas in the

ination of

ts. 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]
Se = TooWo F L W +|t7—7|
2 = LpoWo T 121 W1 l > J
S2
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 the depgndency transformation array index provided by the Tmcci field for this component collection'is zerg, then the

coefficienfs tj; are given by tjj = 0 for all i = j, and tj; = 1 for i = j. If the dependency transformation array.index i not zero,
M(M+1)

ferenced MCT marker segment contains — 1 elements. The coefficients tjjare stored in the marker

the following order: tig, t11, tog, to1, too, t30, t31, t30, t33, ... , tm - or - (M - 1) For iz ], the tj
coefficients have the same interpretation as in the irreversible dependency transformation. The additiorjal M- 1
coefficients, tjj where i = j and i > 0, are interpreted as scaling factors for the partial_sums S;. The t;; coeff{cients are
constraingd to be integers in the reversible dependency transformation. Furthermore;.the tjj coefficients for i =jand i >0

ined to be exact positive integer powers of 2. These restrictions ensure_that the partial sums can be formed, if

desired, with all-integer mathematical operations.

If the offdet array index provided by the Tmcc! field for this component ‘eollection is zero, then the coefficignts o; are
given by ¢; = 0. If the offset array index is not zero, then the referenéed MCT marker segment contains M elements. The
coefficients oj are stored in the marker segment in the following order: 0g, 01, ... , Op— 1. These coefficients are cr]:nstrained
to be integers for the reversible dependency transformation.

For areversible dependency transformation, the number of-input components, N, is required to equal the numbef of output
componeits, M.

J.3.1.2.4 | Forward reversible dependency transformation (informative)

The forward reversible dependency transformation consists of a constrained linear combination of components and an
additive offset. At a particular spatial locatian, (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 trangformation
are denotgd by Cgp, Cq, ..., Cy_ 1. The Torward dependency transformation is defined by the following set of g¢quations.
The forward dependency transformmation is defined by the following set of equations and illustrated in Figure Jf12:

Co =Wy — 09
t11
Sl = t10W0 + 7

S1
Cl = I_J+W1_01
t11

t22
SZ = tZOWO + t21W1 + o
L 41
S2
CZ = _I_J+W1 _02
ta2

t
53 = t30W0 + t31W1 + t32WZ + l?]
S3
C3= l_J+W3_03
t33
: (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

7 180121) FI.12

J.3.2

processing. The MCC marker segment signals the number of wavelet transformation levels in Tmccl, and a gomponent
offset Omcc' to be employed during inverse wavelet transformation proeessing.

For a wavglet-based decorrelation transform, the number of input cémponents, N = Nmcc, is required to equal the number
of output pomponents, M = Mmcc'.

J.3.2.1 |Inverse multi-dimensional wavelet transformation

The samples of component C; are denoted by Cj(x, y).+At each spatial location, (x, y), N + 1 two-dimensional arrays are
formed. Here, N, is the number of wavelet transformation levels applied to the ith collection as determined from the
Tmcc! mdrker parameter. The arrays are denoted by ay, (W 0), ay,u,(w, 0), agy,—uL (W, 0), ..., aguL(w, 0. In each
case, thxg|< u < tbxq, where tbxg and tbx, are determined appropriately for sub-band ay as specified in Annex|B of Rec.
ITU-T T.800 | ISO/IEC 15444-1. For thepurposes of this annex, it is assumed that the transformation is applicable to a
tile-comppnent with upper left corner/at (tcxg, tcyp) = (Omcci,0) and lower right corner at (tcx; — 1, tcyy — 1) =
(Omceci +[M —1, 0).

The (tbxy | toxo) samples of gachrarray, ap(u, 0), are taken from the N = M samples Cj(x, y), j = [0, 1, ..., N - 1].[These are
taken in grder of the arrays as given above. Specifically, let b = N LL. Then the first thx; — thxg = tN LLx; + tN_ LLxg
samples of Cj(x, y), (K&wj = [0, 1, ..., thx; —tbXo — 1]) become the samples ay(u, 0), u = [thxo, ..., thx; — 1]. Sirpilarly, let
b = N HL. Then.the next tbx; — thxg = tN HLx; — tN HLXq samples of Cj(x, y) become the samples of ay(u, 0),
u = [tbxg,|... , thxg— 1], and so on.

The ay, arqays defined above are treated as sub-bands to be inverse wavelet transformed using the two-dimensiopal IDWT
as described in Annex F of Rec. ITU-T T.800 | ISO/IEC 15444-1 (with extensions specified in Annexes G and H). The
result of this inverse transform process is the two-dimensional array 1(z, 0), where z = [Omcc!, Omcc! + 1, ..., Omec! +
M — 1]. This array represents the inverse wavelet transformation of the ith component collection in the k™ transform stage.
The values of I(z, 0) are then the samples (at spatial location (x, y)) of the inverse transformed components Wj, where j =

[0, 1, ..., M — 1]. Specifically, Wj(x, z) = 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.

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


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

ISO/IEC 15444-2:2021 (E)

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-component with upper left corner at (tcxg, teyg) = (Omceci, 0) and lower right corner at (tcx; — 1, toy; — 1) = (Omeci +
M -1, 0).

Using the[notation of Rec. ITU-T T.800 | ISO/IEC 15444-1, the output of the FDWT procedure is the N;_ + pub-bands

Ay, Ly ANpHL, A(Np-DHL - » Gur, (All sub-bands of the form ajeyyy and ajey 1 are empty.) Here, N_is\the pumber of

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

Each such sub-band has samples ay(u, 0), thxg < u < tbx; with thxg and thx; determined as in Anhex B of Rec. ITU-T T.800
| ISO/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, V)] Z(ay,11.(thx,0),..., ay,|.(thx; —
1,0), ay, g (thxo,0),..., ay,u(thx; — 1,0),..., a1y (thxo, 0),..., ayy, (thx; — 1,0)An each case, toxg and thx, are the
values applicable to the sub-band indicated in the subscript of ap,.
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Annex K

Non-linear transformation

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

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. This annex describes an extension to Rec. ITU-T T.800 |
ISO/IEC 5444-1 that can be used alone or in conjunction with any of the other extensions in this Recommendation |
International Standard. The capabilities of the codestream are defined by the SIZ marker segment parameter Rsiz (see
clause A.2.1).

This annex specifies three non-linear point transformations that are used after the decoding processes and inverse multiple
formation
in order to
ing original
data such

that the bit allocation matches visual sensitivity.

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

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

K.1.1  |Decoded component reconstruction

The non-ljnear transformations specified in this annex are "point” transformatiens. These transformations are ppplied to
each sam;tle ("point™) in a given component. The transformations do not span components like the multiple cpmponent
transformptions described in Annex J. They may be used, however; in conjunction with the multiple cpmponent
transformptions. Figure K.1 shows where in the decoder's processing chain the non-linear transformation is applied.
Conversely, on the encoder side, non-linear transformations would be applied prior to decorrelation and dgpendency
transformptions and wavelet processing.

Components Wavelet Spatially reconstructed
Codestream »  synthesis Components i
&)
Decorrelation
and
dependency
transformation
Decoded Non-linear Reconstructed image
components (——————  yrangformation [¢ Components
(1) P T.801(21)_FK.1

(¥

Figure K.1 — Non-linear transformation application during decoding

rdMtransfarmation (on encodina) transfarms the ariainal imaae comnanents (7)) inta the nnuts ta th i
The forw TalaWi ing) iginal-imag p AR inpu multiple

component transformation (Y;). The reverse transformation (on decoding) transforms the reconstructed image
components (Y;) into the fully decoded components (Z;).

K.1.2  Bit depth and interaction with the multiple component transformation

If a multiple component transformation is used in a codestream, the SIZ (see clause A.2.1) marker segment no longer
carries the number of reconstructed image components and their bit depths. Instead, the SIZ marker segment contains the
number of codestream components and their bit depths (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.
Those reconstructed image components that do not undergo a non-linear transformation shall have no change in their bit
depth.

K.2

This Recgmmendation | International Standard allows for the non-linear transformation to be stored.in thre¢ different
forms. The gamma-style non-linearity form specifies the transformation through parameters to’ah equatign, and is
specified jn clause K.2.1. The LUT-style non-linearity form specifies the transformation by specifying a set ¢f look up
table pairg and is specified in clause K.2.2. The Binary Complement to Sign Magnitude Convefsion transformdtion takes
no parameters, and converts the codestream-internal sample-representation from a binary complement represgntation to
a sign-mapnitude representation. This conversion is most suitable for representing fleating point data, see clause O.6 for
further information and its recommended use. The transformation itself is specified‘inclause K.2.3.

Non-linear transformation specifications

K.2.1 amma-style non-linearity

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

orward gamma-style non-linearity (encoding,-informative)

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

—(Alz|* - B) s
y' = sz —(3=z<)) (K-1)
E _
Az B 2 >§

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

Figure K.2 shows an example forward gamma non-linearity transformation that might be used by an encoder. This
particular gamma-style transformation is from Rec. ITU-R BT.709 (HDTV).
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Figure K.2 — Example gamma-type forward non-linear transformation

Reverse gamma-style non-linearity (normative)

oding a codestream, a conforming reader shall apply the transformation.specified by Equation K
t that indicates, through the NLT marker segment, that it should,-be_processed using a gamma-
hese equations take a normalized value y’ value of component Y;, as.input and produce a normalized
ecoded Z; component as output. The bit depth of the non-normalized Y; values is specified by the CH
or by the SIZ marker segment if the multiple component-gxtension is not used. The bit depth of
d Z; values is specified by the BDnlt field in the NLT marker segment.

1,

z = y? -T<y <T
CONSL

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

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

and then ¢

enormalizing the Zi values, the coefficients shall be transformed as follows in Equations K-3 and K-
£ = 2Py — 1 Y/isunsigned
Y (2% =1 Y issigned

2bz — 1 Z; is unsigned

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

(K-2)

pe applied
bit depths
pmponent
bnt values
A,

i

2bz — 1 Z. is signed
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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

(_ <|Yi|_+BS)E Yz < —Ts

As
Z; = .« ~Tg <Y <Ts (K-5)
, 1
Y;+Bs\E '
< As S) i >Ts

K.2.2  LUT-style reverse non-linearity transformation

A non-lingar transfer curve can often be approximated by a piece-wise linear function. The NLT marker segment provides
a mechan|sm to specify such a non-linearity. This method is referred to as a "LUT-style non-linearity" fortwp reasons.
First, from the specified information it is possible to build a look-up table to perform the transformation.”Secpnd, if the
number of table values specified is equal to the number of possible decoded values, then a LUT is explicitly [specified.
While it i possible to approximate the gamma-style non-linearities specified in clause K.2.1, this'mechanism pallows for
other trangformations that cannot be specified using a simple gamma function.

The LUT{style non-linearity requires that a list of table values be supplied. The maximum possible number of LUT values
for a tablq to produce component Z; from component Y; is N = 2%, where by is the number of bits used to regresent the

component Y; (as specified by the CBD marker if the multiple component trapsformation is used, or the S|Z marker
segment (see clause A.2.3) if the multiple component transformation is not-used). The minimum and maximum
normalizgd LUT input values are Dyin and Dpay, respectively, where normakization includes shifting and lindar scaling

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

The NLT [marker specifies a total of Nygints values, where 2 < NpojngsSIN. Those values are evenly distributed pcross the
input range of Dpjn t0 Dpyax. Table value Ty (where k = 0, 1y, Npoints — 1) represents the output of the reverse
transformation for an input value of Dy. The Dy values are implicitly determined by Dpin, Dmax, and Npoints tfjrough the
following|equation:

Dk — D‘mi‘n. + kA
whisea A = Pmax = Dmin
Npoints -1

and Dinax > Dmin (K'G)

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

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

_) o Y; is unsigned (KT

' oby—1
y +2°Y e,
Y; is signed
2by_1 i g

'
ynorm

If v, 0rm < Dmin, then y. ... shall be clipped to Duyin. If ¥,:0rm > Dimax» then ¥,orm shall be clipped to Dyay. The
normalized values of the output component Z; are then specified by the following equation:

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
specified by the following equation:

(K-9)

7= Znorm * (sz -1) Z; is unsigned
Znorm * (sz - 1) — 2bz71 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
samples untouched. While not required by this Recommendation | Standard, the resulting bit-patterns are, however, typically
interpreted as ISO/IEC/IEEE 60559 floating point numbers by specifying a floating point sample type in the file format. This
operation is not part of the JPEG 2000 decoding process, but is a matter of interpreting the reconstructed samples correctly. It is
e-thed He A defiredHA ARV affotatethe-tatd Brepertrterpretation kertrfermation on

how tolencode floating point samples is found in clause O.6.

If the binary complement to sign-magnitude conversion transformation is used, the bit-depth of the input.samgles to this
transformption shall be equal to the bit-depth of the samples generated by the transformation, and the signed-njess of the
input samples shall be equal to the signed-ness of the output samples. That is, the BDnlt value relevant to component i
shall be egual to either BDchbd; if a multi-component transformation is run (see clause A.3.6, Fable A.31), qr shall be
equal to Ssiz; (see Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.11) if no such transformatien’is used.

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

Yi=Zj IfZ|20 or

Yi= min (—2bi'1 -Zi—1,-1) if Zi<0

NOTE|2 — This is intentionally the identity transformation for unsighed components. However, readers should be awarg that if the
level shifting and/or inverse decorrelation transformation of Annex G of Rec. ITU-T T.800 | ISO/IEC 15444-1 is i effect, an
additiopal DC offset will be added to the reconstructed samples. This offset might be undesirable if the intent is to represgnt floating
point data. To prevent this DC offset, use mechanismsfrom this Recommendation | International Standard such as the Multiple
Compgnent Transformation (MCC and MCO markersyfrom Annex J, or the Variable DC Offset described in Annex B.|For signed
compohents, the transformation maps —1 to —2°"! and'—2"! to —1. The motivation for this transformation is given in clpuse O.6.
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Annex L

Region of interest coding and extraction, extensions

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

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

This annex describes the region of interest (ROI) technology. An ROI is a part of an image that is encoded with higher
fidelity than the rest of the image (the background). The encoding is also done in such a way that the information
associated with the ROT precedes the information associated with the background. The method used (and depcribed in
this annex) is the Scaling based method.

L.1 Decoding of ROI

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

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

1) Get the corresponding shape information and the scaling value, s,(from the RGN marker segment for each
ROI. The following steps 2-6 are applied to each coefficient (u;-¥) of sub-band b.

P)  Generate the ROI mask {M;(u, v)} for all ROI, see L.3 for details on how to generate the ROI njask.
3) For each coding block find the largest scaling value, Syay for any coefficient (u, v).

) For each coefficient in each coding block find the.highest scaling value and set s(u, v) to:
s(u, v) = Syar —max(s; - M;(u,v)) (L-1)

where i = 0... Number of ROI-1

b5)  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, foni =1, ..., My

_ (MSBii sy (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 valGe of Ny(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 subcla A i v ap-HAformative
section. However farlure to generate the correct ROI mask at the encoder side erI greatly reduce the quality of the
decoded image and will not allow lossless decoding.

L.2.1 Encoding with ROI (informative)

At the encoder side an 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.

When the entropy coder encodes the quantized transformation coefficients, the bit planes associated with the ROI are

coded befpreoratthe Same time as the formation assocTated with the ackgroumnd T he scating vatue, s;, forjeach ROI

is specifigd by the user/application.

The methpd can be described using the following steps for a set of n ROI:
- For each coding block in each component:
1) Generate 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 currgnt coding
block, respectively.

3) Add Sgjock = SMax—Smin LSBs to each coefficient |gp(u, v)|. The nimber M, of magnitude |pit-planes
for sub-band, b, will then be:

My, = My + Spiock (L-4)

where My, is given by Rec. ITU-T T.800 | ISO/IEC/15444-1, Equation E-2, and the new valye of each
coefficient is given by:

lgp (u, V)| =}qp(u, v)| — 2%Block (L-5)

4) For each coefficient in each codinhg block find the highest scaling value and set s(u, v) to:

S(W) = Syax — max(s; — M;(w,v)) (L-6)

where i = 0... Number of ROI-1
5) Scale down all coefficients so that:

gy (u, v)| = 14002l (L-7)

2s(w,)

6) of each ROI write the scaling value, s, shape, and reference points into the codestream|using the
RGN marker segment as described in clause A.2.5.

L.3 Region of interest mask generation

To achieve an ROI with better quality than the rest of the image while maintaining a fair amount of compression, bits
need to be saved by sending less information for the background. To do this an ROl mask is calculated. The mask is a
bit-plane indicating 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 (L-8)
0 accuracy on (u,v) can be sacrified without affecting ROI

M(u,v) = {

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

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


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

ISO/IEC 15444-2:2021 (E)

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 is done for the various filters. Similar methods can be used for other filters.

L.3.1 ’[Qee\angala(—maﬁk—gen%eﬂ-en#re-we%eﬁeeg«d—
The rectapgular mask described in this subclause is generated on the reference grid. When generated on the reference grid

the methqgds described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain:-A rdctangle is
described|by four parameters, see Figure L.1, all signalled in the RGN marker, see clause A.2.5CThe paraimeters are
(XArgn, YArgn, XBrgn, YBrgn) where XArgn and YArgn are the x offset and y offset of the upper left corper of the
rectangle [from the reference grid origin, respectively; YBrgn is the height of the rectangle;XBrgn is the width of the
rectangle.

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

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

(XArgn, YArgn)

(XArgn + XBrgn — 1, YArgn + YBrgn — 1)
T.801(21)_FL.A

Figure L.1~ Rectangular mask on the reference grid

L.3.2  [Elliptic mask generation on-the reference grid

The elliptic mask described in_this'subclause is generated on the reference grid. When generated on the refergnce grid,
the methqds described in clauses L.3.4 and L.3.5 are used for mask generation in the wavelet domain. Anfellipse is
described|by four parameters; see Figure L.2, all signalled in the RGN marker, see clause A.2.5. The paraieters are
(XArgn, YArgn, XBrgn,YBrgn) where XArgn and YArgn are the x offset and y offset of the center of the ellips¢ from the
reference [grid originyrespectively; YBrgn is the height of the ellipse; XBrgn is the width of the ellipse.

The correft mask-for the reference grid is given by Equation L-10.

YBrgn? - (x — XArgn)? + XBrgn? - (y — YArgn)? < XBrgn? - YBrgn? (L-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
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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.

Instead of calculating the Wavelet coefﬂments usmg the lifting steps as descnbed |n Annex H, the lifting steps for the
inverse dig tcients that
are used fo reconstruct Wavelet coefﬂuents that correspond to non-zero samples in the ROI mask are found| For each
lifting step, the ROl mask is updated so that all samples that correspond to wavelet coefficients that would have fpeen used
to recons uct the wavelet coefficients that correspond to non-zero samples in the ROI mask are set.to lnon-zgro values.
The mask|generation shall take into account what type of filter that has been used by the transformation and algo whether
or not the|SSO transformation has been used. The different cases are described below.

This is dope by replacing Equations H-4, H-5 and H-7 by:
Let the 1D mask, to be decomposed, be Reyt.

FFor each lifting step s where s ranges from 0 to Ny s — 1,

2)
if(Rexe(2n+mg) == 1)
then
(Rexe(2n+ 1= my + 20k + of £))) 4, orallk = 0,..., L — 1
and
Rextn A mg) =1 (L-11)
where Rqy; are the samples in the RO mask, M;(u,v) corresponding to Ve in Equations H-4, H-% and H-7.
R, is Rey after lifting step s. Moreover, mg = 1 — mg_q indicates whether the sth lifting step [applies to
even-indexed coefficients (mg,=0) or odd-indexed coefficients (mg = 1), and where Lg is the pumber of
lifting coefficients for liftinglstep s.
b)

Rext = Rext (L-12)

L.3.4.1 [Single sample overlap

This is done by replacing Equations 1-12 and 1-14 by:
FFor eachifting step s where s ranges from 0 to Nj g — 1,

@)

for all n except n,p=01,...,N;:

if (R2n+mg) == 1):

R'(PSEO,p(Zn +m,— (2k+1))) = R'(PSEO_p(Zn +mg+ (2k+ 1)) =1fork=0,..., Ly —1

for all np,p=01,...,N;:

if (R(np) == 1):

R'(np) =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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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.
ISO/IEC 15444-1.

ITU-T T.800 |

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 qmckly than for arbltrary shapes In thls case, instead of

3 e Lcte 3 eed to be
studied, nmely the upper Ieft and the Iower rlght corners of the mask The top Ieft corner (xl, yl) on the refe ence grid
will be gifen in the RGN marker segment as XArgn, YArgn, and the bottom right corner (xy, y»), on the\reference grid
will be giyen by the parameters in the RGN marker segment as (XArgn + XBrgn-1), (YArgn + YBrgn<1), reppectively
(see clause A.3.8). The mask generation shall take into account what type of filter that has been,used by the fransform.
This can lpe combined with the single sample overlap transform.

In each lepel of decomposition, the steps described in the previous subclause are followed,tg.See how the masK expands.
Let the 1) mask, to be decomposed, be Reyt, and let x; and x, and be the lowest and highest indices of non-zerjo samples
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 in the. mask
x, =2n+1—mg +20ff; (L-15)
if(xy,>%;):
XN X, (L-16)
b) Find the highest sample index:2n’+ mg < x,
Xp=2n+1—ms+2(Ls — 1+ off) (L-17)
if(x, > x,):
X, = Xy (L-18)
c) Set 1=
x2 = x2
where‘mg = 1 — mg_5 indicates whether the sth lifting step applies to even-indexed coefficients (ng = 0) or
odd-indexed coefficients (mg = 1), and where L is the number of lifting coefficients for lifting step s.
Let all sam #-bands the

same way as the wavelet coeffrments are separated in using the delnterleave procedure descrlbed in clause F.4.5 of 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 > x4) that is in the mask

ifx; =ny,p=01,....N,
X1 = X1
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else
x; = min(PSEp ,(2n + ms — 2k + 1)),k =0,..., Ly — 1

if(x; > x;):
X =%

b) Find the highest sample index 2n + mg < x,

ifx, = n,,p =0,1,...,N;:
X2 = X2
else

x; = max(PSEy ,(2n+ ms + 2k + 1)),k =0,...,L; — 1

Let all samples between x; and xp, inclusive, be non-zero and then separate the ROI mask samples into sub-

same wayf
ITU-TT.

L.4

L4.1

The Max
in this Re

L.4.2

For the ca
are down
sampled g

L.4.3

This ROI
easily sol
The effec
decoded.

if(x, < x5):
X; = X,

) Set™ v
X2 = X3

where mg = 1 — mg_; indicates whether the sth lifting step applies to even-indexed c
(mg = 0) or odd-indexed coefficients (mg = 1), and where Lg is\the" number of lifting coeff|
lifting step s, and where offs is the offset for lifting step s=Ny/p, np and PSEq, p() are def|

Annex I.

as the wavelet coefficients are separated in using the deinterleave procedure described in clause F.4
00 | 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

hift method described in ITU-T T.800 |ISO/IEC 15444-1 shall not be used together with the method
commendation | International Standafd:

Multi-component remark (informative)

e of colour images, the methad applies separately in each colour component. If some of the colour cd
sampled, the mask for.the. down-sampled components is created in the same way as the mask of the n]
omponents.

Implementation Precision remark (informative)

coding methiod might in some cases create situations where the dynamic range is exceeded. This i
ed by simply discarding the least significant bit planes that exceed the limit due to the downscaling
will(be'that the ROI will have better quality compared to the background, even though the entire bi
It.ndight however create problems when the image is coded with ROI's in a lossless mode. Discan

(L-19)

(L-20)

(L-21)

(L-22)

efficients
cients for
ined as in

bands the
.5 of Rec.

described

mponents
on-down-

however
Dperation.
stream is
(ding least

significar

worst case the background may not be reconstructed at all. This depends on the dynamic range available.
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Annex M

JPX extended file format syntax

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

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

M.1 File format scope

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

This anne:
- specifies a binary container for both image and metadata;
- specifies a mechanism to indicate image properties, such as the tonescalé or colourspace of the jmage;

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

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

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

M.2 Introduction to JPX

As definefl in Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex I, the JP2 file format provides a method by which agplications
can interghange images files in such a way that all;eonforming readers can properly interpret and display the image.
However,[ some applications require extensions tathe JP2 file format that would prevent the file from being properly
interpretefl by a conforming reader. For example, an image encoded in a CMYK colourspace will not bg properly
interpretel by a conforming JP2 reader.

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

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

M.2.1  [File identification

JPX files fan he identified using several mechanisms. When stored in traditional computer file systems, JPX fijes should
be given thedile-extension ".jpf" (readers should allow mixed case). On Macintosh file systems, JPX files shoul@l be given
the type chdejpx\040’

However, if a particular JPX file is compatible with the JP2 reader specification (as indicated by placing the code 'jp2\040'
in the compatibility list in the File Type box), then the writer of that file may choose to use the extensions for the JP2 file
format, as specified in clause 1.2.1 of the JP2 file format, for that particular file. This will maximize the interoperability
of that file without sacrificing file indication (as the BR field in the File Type box shall be 'jpx\040" for files completely
defined by this Recommendation | International Standard).

In the JP2 file format, the File Type box provides information that a file reader can use to determine if it is capable of
reading the file. This box is also present in other JPEG 2000 family file formats.

M.2.2  File organization

As in JP2 files, a JPX file represents a collection of boxes. The binary structure of a file is a contiguous sequence of boxes.
The start of the first box shall be the first byte of the file, and the last byte of the last box shall be the last byte of the file.
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.7.3);

— defining a new method to allow the use of any input ICC profile (the Any ICC method, clause M.3.3);

- defining a new method to allow vendors to define unique codes for colourspaces 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 trangformation
extensions within the codestream (see Annexes J and K).

M.2.4  [Specification of opacity information

The JPX file format specifies two extensions for specifying opacity information. First, the file format allows fpr opacity
channels fo be stored in a separate codestream from the colour channels of the image.Anmany image editing applications,
the colouf data and the opacity data are edited separately, and thus it is useful to\allow those channels to bg stored in
separate godestreams. This is described in the compositing layer architecture description in clause M.5.

Secondly the JPX file format allows for the specification of fully transparent samples through a chroma-key. The file
format spgcifies an array of sample values, one from each colour channel."image locations that contain that comnbination
of samplq values shall be considered fully transparent. For example; the chroma-key may be specified as fed = 134,
green = 92 and blue = 47. Any location with this combination of fed,"green and blue sample values shall be donsidered
fully trangparent. This is defined in the specification of the Opatity box in clause M.11.7.6.

M.2.5 |[Metadata

In additiop to specifying how the image data shall be stored, this Recommendation | International Standard defines, in
Annex M| a number of metadata elements. Thesecelements specify information such as how the image was created,
captured pr digitized, or how the image has been edited since it was originally created. This Recommgndation |
Internatiopal Standard also includes the ability.to specify intellectual property rights information, as well as thhe content
of the imdge, such as the names of the pegple and places in the image.

In addition to the metadata defined Within this Recommendation | International Standard, other forms of XML-based
metadata pnd descriptions , may he embedded in a JPX file within XML boxes, such as those defined in Annex N.

Furthermgre, the MPEG-7 binary*box (as defined in clause M.11.19) may be used to store MPEG-7 binary (BiM) format
metadata.

M.2.6  [Storage of @codestream within JPX

In JP2, the entire.codestream is required to be stored in a contiguous portion of the file. However, this restrictjon can be
problematic far some applications. Image editing applications, for example, may desire to modify a single file of the
image and to<yrite the modified tile to the end of the file without rewriting the file. Image servers or internet applications
may desi i i i i ] i i internet. The
JPX file format allows these features by allowing the codestream to be divided into fragments. The fragmentation of
codestreams is described in clause M.4.

The JPX file format also allows for multiple codestreams to be encapsulated within one or more Multiple Codestream
boxes, which contains indexing information to facilitate efficient retrieval of specific codestreams of interest, by rendering
and applications.

M.2.7  Combining multiple codestreams

In addition to specifying the rendered result as a result of decompressing a single codestream and properly interpreting
the colourspace of that codestream as specified in the JP2 file format, the JPX file format allows for multiple codestreams
to be combined to produce the rendered result. These codestreams can be combined in a combination of two ways:
compositing and animation. This is further described in clause M.5.
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M.2.8  Support for various pixel formats

In Rec. ITU-T 800 | ISO/IEC 15444-1, channel values consisting of reconstructed image samples or palette entries were
always interpreted as signed or unsigned integers. The JPX Recommendation | International Standard extends this by also
allowing the representation of fixed point or floating point data. To this end, it introduces the Pixel Format Box
(see clause M.11.7.8) which defines how the values comprised of reconstructed image data or palette entries are to be
interpreted as numerical values. The understanding in Rec. ITU-T T.800 | ISO/IEC 15444-1 is that the codestream data
encodes and the palette contains signed or unsigned integer values, but this convention no longer holds in the presence of
a Pixel Format Box. If this box is present, the integer channel values are re-interpreted in two stages: In the first stage,
the integer values reconstructed from the codestream are represented as bit-patterns encoding integers in binary two's
complement notation. In the second stage, these bit patterns are re-interpreted as either integers, ISO/IEC/IEEE 60559
floating point data or fixed point data. Only after this interpretation, the samples are considered to define colour values
relative to a colourspace.

NOTE — For most computer architectures, the first conversion stage is transparent and requires no additional operation, and the

secondrstagetsustatty reatizedascasting“operatiomtothe target type:

A non-integer pixel format is specified as follows: The desired sample format is encoded in a Pixel Format box (see
clause M.[L1.7.8) which is a sub-box of the Compositing Layer Header box or the JP2 Header box. The total fumber of
bits requited to represent samples in the requested format replaces the channel depth information of integer fofmats. For
example, |SO/IEC/IEEE 60559 single precision floating point numbers require 32 bits for their representation;|hence the
channel depth will be 32. This information is either recorded in the Image Header box (see clause’M.11.5.1) if the channel
depth is iglentical for all channels, or in the Bits Per Component box (see clause M.11.5.2)if the channel deIth differs
across channels. Furthermore, if the channel data is created indirectly through a palette; the channel depth generated by
the palettd lookup process is indicated in the B! field of the Palette box (see 1.5.3.4 of Ree/ITU-T T.800 | ISO/IEC 15444-
1) which then carries the relevant information for further sample interpretation.

The information on the total number of bits is augmented by information fronmthe Pixel Format box if it is gresent. In
addition tp the numerical representation of the samples in the channel it ‘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 Format
box indicgtes the number of fractional bits, i.e., the number of bitsight of the (binary) point, for floating pdint data it
indicates the mantissa bits of the floating point format, not including“any implicit (hidden) bits. The number jof integer
(non—fraclll:onal) or exponent bits can then be derived from the.total number of bits per sample and the fractional or
mantissa lpits. Further information on floating point number encodings are found in ISO/IEC/IEEE 60559.

Fixed point and floating point samples are mapped t0.device colours by means of the Colour Specifichtion box
(see clausg M.11.7.2) in the same way as integer samples are mapped to device colours. For that, the Channel Pefinition
box (see dlause M.11.7.5) defines which channels arfe’used to generate which device colours. This process diffefs for non-
integer saples from integer samples only in so faras the maximum intensity of the device colour is no longer rgpresented
by the makimum possible integer channel valtie;-but as the value 1.0 expressed in the corresponding fixed point ¢r floating
point format. The handling of sample valuésoutside of this range is implementation specific. For further inforfnation on
the mapping from channel values to device colours, read clause M.11.7.2.

mpression
brmat can
endation |
p the JPX

[ 29199-2

estrea e ISO/IEC
15444-1, clause 1.5.2 and Clause M. 11 in thls Recommendatlon | Internat10na1 Standard) if JPEG XR codestreams are
present in the file:
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Table M.1bis — Brand Values for JPEG XR Codestreams

Value Meaning
‘jxrc’ JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream is present
'jxr0' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) sub-baseline profile bitstream present
and the file conforms to the JPEG XR sub-baseline profile defined in clause M.9.2.
jxrl’ JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) baseline profile bitstream present and
the file conforms to the JPEG XR baseline profile defined in clause M.9.2.
'jxr2' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) main profile bitstream present and the
file conforms to the JPEG XR main profile defined in clause M.9.2.
'jxr3' JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-3) advanced profile bitstream and the file
conforms to the JPEG XR advanced profile defined in clause M.9.2.
NOTE - Brand values 'jxr0' to 'jxr3" indicate JPEG XR profiles of this Recommendation | International Standard. The
Correspordihg prnfilnc are defined-inclause M Q 2

M.3 Greyscale/Colour/Palette/multi-component specification architecture

The JPX file format builds on the flexible colour architecture defined in the JP2 file format. Colourspace spegifications
are specifjed within Colour Specification boxes, as originally defined in JP2. However, JPX extends this box (pvithin the
binary stricture limitations defined in JP2) to allow other methods to be used to specify the colourspace, and fo allow a
reader to $elect from the different colourspace specifications found in a single file when interpreting an image.

M.3.1  [Extensions to the Colour Specification box header

In JP2, the APPROX and PREC fields were reserved for future use; JP2 writerstare required to write default vialues into
these fields. In JPX, these fields are defined and can be used by a JPX readerto.make intelligent processing chpices.

In both JA2 and JPX, a single file may contain multiple representations of.the colourspace of the image. For gxample, a
JPX imagde may contain an enumerated value, a complex ICC profile, and a Restricted ICC profile. Thes¢ multiple
methods gre included to maximize interoperability as well as to provide’optimized access. In this example, the epumerated
value allows quick recognition, the complex ICC profile allows.accurate interpretation using a full ICC enging, and the
Restricted ICC profiles allows less complex readers to get a "goed enough” result. Specifically, the Restricted ICC profile
in this example is an approximation of the complex ICCCprofile. This approximation is specified within the Colour
Specificafion box, and allows a reader to make trade-offs.when interpreting the image.

The Colour Specification box also allows the wrifer to associate a precedence with each method. This information
specifies @ default priority in which the multiple~colourspace specifications should be considered when selectjng which
specificatjon will be used to interpret the decempressed code values.

However |the use of both the approximation and precedence information is beyond the scope of this Recommgndation |
Internatiopal Standard. Applications @re free to consider both pieces of information together and to define [their own
priorities ffor selecting which colourspace method to use when interpreting the image. For example, in a fagt-preview
mode, where speed is more impartant then quality, an application may desire to use the Restricted ICC profild even if it
can use the more complex profile.

M.3.2 xtensions tosthe Enumerated method

The JPX |format defines enumerated values for several additional colourspaces. In addition, this Recommgndation |
Internatiopal Standard defines a mechanism by which vendors or other standards bodies can register additional values for
the EnumCS/field in the Enumerated Method. In general, there are no implementation requirements for these pdditional
defined dr_registered colourspaces. Requirements for_interpretation of specific_spaces are defined withip the file
conformance definition.

In addition, the data structures for the enumerated method have been extended to allow for the specification of parameters
that define exactly how that particular colourspace was encoded in the file. For example, the CIELab colourspace, as
defined by Rec. ITU-T T.42 specifies six parameters that specify the exact encoding range and offsets of the stored data.
To properly interpret a CIELab image, the decoder is required to know this information and apply those parameters to the
decoded image data. Enumerated parameters are specified individually for each enumerated colourspace that requires
parameters. However, many colourspaces do not require additional parameters, and thus additional parameters are not
defined for those colourspaces. For colourspaces that do specify additional parameters, default values may be defined (as
for example are done for the definitions of CIELab and CIEJab). If the entire block of additional parameters are not
contained within the Colour Specification box, then the default values shall be used; however, if any additional parameter
is specified for a particular Colour specification box, then all additional parameters shall be specified for that Colour
Specification box.
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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
registration method is not appropriate for use for defining codes for vendor-specific or private colourspaces. To allow the
quick identification of these colourspaces, the JPX standard defines an additional colourspace specification method, called
the Vendor Colour method. This method is very similar to the Enumerated method, except that instead of using 4-byte
integer cofdes, the Vendor Colour method uses UUID's. These UUID values are generated by application developers when
the definition of a particular colourspace is created.

It is legal|to specify a Vendor Colour value in every JPX file. However, no reader is required to correctly inferpret the
image baged solely on the Vendor Colour method. If an image writer desires to maximize interoperability gutside the
scope of the target application, it should use additional colour methods in the file (such as thepAny ICC and Restricted
ICC coloyr methods).

Palettized| colour is specified and works exactly as defined in the JP2 file format:\A.palettized image would| contain a
, which specifies the transformation from one to many components. (The many components generafed by the
palette arg then interpreted by the rest of the colour architecture as if they had'h€en stored directly in the codestream.

The JPX file format allows for multiple methods to be embedded.in.a single file (as in the JP2 file format) gnd allows
other standards to define extensions to the enumerated method-and to define extended methods. This providgs readers

If the file|is to be JP2 compliant, the first method found'in the file (in the first colourspace specification box jn the JP2
Header b@x) shall be one of the methods as defined:and restricted in the JP2 file format. However, a conforming JPX

The specification of colour within the-dJRXfile format is independent of the use of a multiple component trangformation
or non-linearity correction within the‘eodestream (the MCT, MCC, MCO and NLT markers specified in clauges A.3.7,
A.3.8, AB.9 and A.3.10, respectively). The colourspace transformations specified through the sequence pf Colour
Specification boxes shall be applied to the image samples after the reverse multiple component transformation apd reverse
non-lineafity correction has héen applied to the decompressed samples. While the application of these deqorrelating
component transformations. is separate, the application of an encoder-based multiple component transformation|will often
improve the compression*of colour image data.

M.4 Fragmenting the codestream between one or more files

Another important feature of the JPX file format is the ability to fragment a single codestream within a single file or
across multiple files. This allows applications to implement such features as:

— edit an image, resaving the changed tiles to the end of the file;
— distribute the image across several disks for faster access;

— distribute the image across the internet, allowing only certain customers access to the high quality or high
resolution portions of the codestream;

—  reuse of headers from within a codestream across multiple codestreams (to minimize file overhead when
storing similar codestreams within the same JPX file).

Fragmentation in JPX works by specifying a table of pointers to the individual fragments. Each pointer specifies three
things:
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The file in which the fragment is contained. Because multiple fragments across multiple codestreams may

be stored in the same file, the format encapsulates all filename/URL data into a table (the Data Reference

box). Each fragment specification then references an entry in the data reference table.

The offset of the first byte of the fragment within the file specified. This offset is with respect to the first

byte of the file (byte 0) and points directly to the first byte of codestream data for that fragment; it does

not point to the start of a box containing that fragment.

—  The length of the fragment, in bytes.

While the fragment offset does not point to the start of the box, any codestream data contained within a JPX file shall be
encapsulated in a box. If a codestream is contained within the JPX file in contiguous form, then it shall be encapsulated
within a Contiguous codestream box as specified in the JP2 file format and M.11.8; the file shall not also contain a
Fragment table representing that contiguous codestream. If the codestream is contained within the JPX file in multiple
fragments, then the codestream shall be encapsulated within one or more Media Data boxes (defined in clause M.11.9).

Figure MJT shows how a fragment table 1S used 10 specify a complete codestream in an example JPX file
fragmentq are stored within the file itself. Because the data reference table was empty (no external references),
exist in the JPX file. Boxes other than the fragment related boxes are not explicitly shown.

In this expmple, the codestream is divided into four fragments. The dark lines on the bottom of the Media O

show the
within the
The offse
fragment
of the bo

ortion of the contents of that Media Data box that represents the fragment. Two of those fragments are
same Media Data box. For each fragment, the fragment list specifies the offset and the’length of each
values point to the first byte of the codestream data, relative to the beginning ofithe file. For exampl
s at the start of the contents of a Media Data box. The offset to that fragment’is, to the first byte of th

when all
t may not

ata boxes
contained
fragment.
P, the first
b contents

, not to the start of the box header. The length values specify the length only,of the actual codestrean data for
that fragment.

JPX

file

Media data Media data | | Media data | Fragment tabl

A F Y A 3 '

Offset/length

Fragment table

4

Fragment list

T.801(

To extrac
and then
specified

Figure M
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Figure M.1 — Example fragmented JPX file where all fragments are in the same file

the complete codestream from the file, an application locates the fragment table for that codestream
parses the offsets and lengths from the fragment list. The application could then simply seek to the
py the offsetsyand read the amount of data specified by the length.

2 shows.how a fragment table is used to specify a complete codestream in an example JPX file whe
ents are'stored outside the file. In this case, the file shall contain a Data Reference box.
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JPX file
Media data ‘ | Media data | | Media data Data reference | Fragment table
h A A '
/
/ [
" 7
Y S /
Offset/length o= - /
" 4
Data reference table 7 | ‘ ‘ | ‘ | |
3 ) \ \ Fragment list
Fragment table
URI /
v v v v \
Fild X File Y |
Interngt

T8p1(21)_FM.2

Figyre M.2 — Example fragmented JPX file where some fragments are’stored in other files or resoyrces

In this example, two of the fragments are stored in separate but locally accessible files, and one of the fragments is stored
across thelinternet.

M.5 Combining multiple codestreams

In the simplest JPX file, a rendered result is generated by decompressing a single codestream to one or mpre image
channels and properly interpreting them in the context of the associated colourspace specification and optiongl opacity
specificatjon. This mode of operation is identical to that offered by JP2 except that JPX offers a widen range of
colourspages and specification methods. k_addition to this, JPX offers a rich set of methods for combining multiple
codestreams to form the rendered result.

In a JPX file it is possible to store multiple JP2 style "images." In the context of a single JPX file, these separgte images
are referred to as compositing layers. Each compositing layer comprises a set of channels that an application should treat
as a unit for the purpose of rendering. The JPX file format includes syntax for specifying how the compositing layers in
a file shodild be combined by the reader application to produce the rendered result. Both simple still image compositing
and animation are supperted.

For example, one layérmay be a simple RGBA codestream. Another layer may consist of R, G and B channels|generated
by the application-of a palette to one component from codestream 1, and an opacity channel directly extracted from
codestream 2.

InaJPX fi ams. This,
for example, allows the separation of RGB components from an opacity channel component. This would permit a single
opacity channel to be reused in other compositing layers in the JPX file. The file format also includes syntax for specifying
how codestreams are combined to form compositing layers including how the codestreams should be spatially registered
against each other.

In a JPX file, metadata can be associated with codestreams and compositing layers independently. Metadata may be
shared between multiple codestreams.

M.5.1  Mapping codestreams to compositing layers

To facilitate the mapping of multiple codestreams to single compositing layers, the JPX format separates header fields
defined for JP2 into two logical groups: those specific to a single codestream are grouped into a Codestream Header box
(M.11.6) and those specific to a compositing layer are grouped into a Compositing Layer Header box (M.11.7). The
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
Codestream([0] 0 > /—\ > > Palette > ; » G ~-> Colour specification
: ( \ »> »B
| Codegtream[1] > \\/j NI A ---+ Auxiliary specificatiol
T.8p1(21)_FM.3
Components Channels

Figure M.3 — Example combination of two codestreams into a single compositing layer

M.5.1.1 [Establishing a sequence order for compositing layers

A sequenge order for compositing layers is required for any subsequent rendering or animation of the file. In thg simplest
case thereare no Codestream Registration boxes in the file. In this case, which includes the case where all of the headers
are present as global defaults, codestreams map directly to compositing’ layers and the compositing layer sequgnce order
is given bl the sequence order of the codestreams in the file.

If a Component Registration box is present in any Compositing-kayer Header box, then there shall be one Compositing
layer header box for every Compositing Layer in the file, edeh.containing at least one Component Registratipn box. In
this case, the order of compositing layers is given by the sequence order of compositing layer header boxes in the file.

M.5.1.2 [Establishing an order for channels in a compositing layer

Where myltiple codestreams are combined it is negessary to establish a sequence order over the combined set of channels
generated|from them. This sequence order is.reguired so that specific channel numbers can be associated with channel
definitionp when using a Channel Definition.box.

Channel grdering is zero based and perfermed independently for each compositing layer present in the file. The first n
channels {numbered 0 through to n-— I) within the scope of a particular compositing layer are contributed by channels
defined by the first Codestream eader box referenced in the layer's Component Registration box (where we agsume this
codestream generates n chapnels), the next m by the next codestream referenced in the layer's Component Rggistration
box, and ko on. Within each/codestream, channel ordering is determined by the order of entries in the coglestream's
Component Mapping hox, or by the order of components in the codestream if no Component Mapping box is mresent.

M.5.1.3 [Establishing a sequence order for codestreams

A sequenge order for codestreams is required for the subsequent ordering of compositing layers and in particujar for the
case wherg'one’or more compositing layers comprises more than one codestream.

Codestreams are assigned a sequence order equal to their position in the file, starting with zero. In the case where a
Fragment Table box is used, the Fragment Table box is considered equivalent to a Contiguous Codestream box for the
purpose of establishing a codestream sequence order for the referenced codestream.

M.5.2  Sharing header and metadata information between codestreams and compositing layers

To minimize file overhead, it is useful to allow header and metadata information to be shared between codestreams and
compositing layers where that information is identical. The JPX file format provides four mechanisms to share
information: default headers, compositing layer extensions, cross-references and label associations.

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 Codestream Header box or Compositing Layer Header box may also contain a cross-reference to a box stored in another
location. This cross-reference is very similar to the Fragment Table box used to specify the Tocation of a flagmented
codestream. In fact, a Cross-Reference box uses the same data structures as the Fragment Table box, with«he gddition of
afield to gpecify the type of box being referenced. If a Codestream Header box or Compositing Layer Header bok contains
a Cross-Reference box, the reader shall consider the box pointed to by the reference as if it had beenphysically|contained
with the Header. Cross-Reference boxes may be used equally for header and metadata.

M.5.2.3 [Labelling and association

The Assofiation box may be used to share a label (or other metadata) between codestreams and compositing| layers by
the inclusjon of a Number List box within the Association box. A Number List box refers, by number, to a set pf entities
in the file] If the first box within an Association box is a Number List box, then,any-0ther boxes within the Aksociation
box will e associated with all of the entities referred to by the Number List bex;

M.5.2.4 [Compositing layer extensions

The Compositing Layer Extensions box can be used to specify a repeating pattern of compositing layer hdaders and
(optionally) codestream headers.

A file whjch contains a Compositing Layer Extensions boxes.can be meaningfully interpreted by readers which do not
understanf the Compositing Layer Extensions box, because all top-level Codestream Header boxes and Compositing
Layer Hegder boxes shall precede any Compositing Layef Extensions box and all compositing instructions foynd within
a Compoditions box shall refer only to top-level compasiting layers. The Compositing Layer Extensions box may be used
only whep there are a well-defined number of top=level codestream headers and top-level compositing laygrs, which
means thdt at least one Codestream Header box and at least one Compositing Layer Header box shall appear st the top-
level of the file.

A Compgsiting Layer Extensions box:defines one or more additional compositing layers, zero or more pdditional
codestream headers and zero or more.additional compositing instructions, to augment the information provided by top-
level Codgstream Header, Compasiting Layer Header and Composition boxes.

Each Conppositing Layer Exténsions box has an associated repetition factor Mjclx. The Compositing Layer Hxtensions
box impligitly defines Mjclx..Cjclx additional codestream headers and Mjclx - Ljclx additional compositing laygrs, where
Cjclx and|Ljclx are thesaumber of Codestream Header boxes and the number of Compositing Layer Header boxes that
are found|within the.Gompositing Layer Extensions box. The additional codestream headers and compositing [layers are
assigned gonsecutive-indices, starting from the number of codestream headers and compositing layers defined py all top-
level Codestream Header boxes and Compositing Layer Header boxes, together with all preceding Compositing Layer
Extensions. Boxes. The codestreams that are assocrated Wlth the addltlonal composrtlng Iayers are determrne from the
informatien—g ach-embedded Co : G emapping-procedure
that accounts for the repetltlon index. A 5|m|Iar remapplng procedure is applled to the Number Llst boxes which may be
found within a Compositing Layer Extensions box, so that embedded metadata is correctly associated.

The principal purpose of Compositing Layer Extensions is to facilitate the efficient description of a large number of
compositing layers that follow a simple repeating pattern. This can be particularly beneficial if the JPX file is
communicated incrementally via the tools and methods described in Rec. ITU-T T.808 | ISO/IEC 15444-9.

Compositing Layer Extensions also provide a mechanism for extending the single animation described by a Compositions
box into multiple alternate presentation threads — see clause M.5.3.

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.5.3.1 Composition rendering

The composition data defines the width and height of a render area into which the compositing layers are to'be|rendered.
The size ¢f the render area is the size of the rendered result and can be thought of as the overall image size: Parameters
in each rehder 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) compositing
layer is to be rendered.

For example, in a composite image using an RGBA colour space for all compositing layers, the current composjting layer
(Rt, Gy, B, Ay) is ideally rendered over the background (Rp, Gy, By, Ap) to form the composed image (R, Qe Be, Ac)
according|to the following equations:

Ac=1-(1-A) 7 Ap)
Ae
s = A

_(pA) -4
=N A
R.5= SR, + tR,
G; = sG; + tG,

B. =sB; +tB, (M-1)

t

In the casg where the bottom sample is-fully opaque, this simplifies to:

Re = AR + (1 - ApRy
Ge = AiGe+ (11— ApGy
B, =AB.+(1—-A)B, (M-2)

However [the above-equations require access to the background pixel, and for a variety of reasons, individual agplications
may not He willing.or able to support such a rendering process. It is possible to emulate continuous alpha blending even
in these cgses Wy thresholding or dithering the provided alpha channel in order to generate a set of completely transparent
or complétely opaque pixels which can be rendered using simple pixel replacement over an unknown bagkground.
Specificati i i i i i

M.5.3.2 Animation model

In addition to the basic cropping and positioning parameters, each render instruction may include LIFE, PERSIST and
NEXT-USE parameters. The LIFE parameter assigns a temporal duration to the instruction. This is the period of time that
the reader should aim to place between the appearance of any screen update resulting from execution of the current
instruction and any screen update resulting from the execution of the next instruction. PERSIST is a binary field indicating
whether or not the compositing layer rendered by the current instruction should be treated as part of the background for
the next instruction. If an instruction specifies false for PERSIST, then the reader shall save the background prior to
execution and use this saved background when executing the next instruction.

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


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

ISO/IEC 15444-2:2021 (E)

M.5.3.2.1 Special cases of life and persistence

There are a number of special combinations of LIFE and PERSIST parameters that require specific treatment by the
reader.

—  When PERSIST is false and LIFE is zero, no action should be performed by the reader. This combination
might be used for example to force a reader to step over a thumbnail or print frame that would be displayed
by a reader not capable of displaying the file as an animation.

—  When PERSIST is true and LIFE is zero then this instruction should be executed together with the next
instruction. In practice this combination may occur for a sequence of more than two instructions and shall
place the reader into a frame composition mode. This mode is exited when an instruction with non-zero
LIFE is encountered or when the end of the animation is reached. The set of instructions executed whilst
in frame composition mode is referred to as a frame composition sequence. In frame composition mode, a
virtual compositing layer is created (off-screen) by executing the instructions in the frame definition
sequence. The PERSIST and | IFE parameters for the closing instruction of a frame definition are applied
to the virtual compositing layer as a whole. That is, upon close of frame composition mode,|all of the
compositing layers involved in the frame composition sequence acquire the PERSIST and-LIFH values of
the closing frame in the sequence.

-~ When LIFE is the maximum value that can be stored the reader shall interpret this as arequest forlindefinite
life. If the driving application has the capacity, it shall progress to the next instruction upon confpletion of
some predetermined user interaction such as a mouse click. In addition to its usein animations, this feature
may be used in files that store multi-page documents in order to force the reader to pause after composition
of each page.

In general, screen updates shall not be performed after an instruction which has zerg\IFE unless it is the last ipstruction
in a framgq composition sequence.

M.5.3.2.2) Assigning compositing layers to instructions and layer reuse

Compresgion of animated sequences is considerably improved if compdsiting layers can be reused in multiple ]jrames. At
the same fime it is desirable that instructions only reference compasiting layers that have already been decodled or are
sequentially next in the file. Further, decoders can better optimize their caching of compositing layers if thqy can tell
which layers are to be reused ahead of time. These policiesiare enforced in JPX via the discipline used to| associate
compositing layers with instructions.

The first instruction is always associated with the first.compositing layer in the file. This instruction may speciJ:y a value
for NEXT[-USE. This value is interpreted as the number of instructions, including the current instruction, until the current
compositing layer is reused. A value of zero indicates to the reader that the current compositing layer shall ngt be used
again and|may be forgotten. A value of one implies that the current compositing layer is to be used with the next ipstruction
and so on] The reader shall maintain a record-of which instructions have been assigned compositing layers in thjs fashion.
Whenevef an instruction is encountered that does not have a compositing layer assigned to it, the next unused compositing
layer defined in the file in sequence“erder shall be used; the use of NEXT-USE does not specify a loop] A single
compositing layer may be reused any number of times in any given animation.

M.5.3.2.3] Looping animations

It is possible to specifysthat an animation should be looped. That is, when the animation has been fully rendered, the
reader resgts the displayto its initial state and displays the animation over again. A loop count is optionally sgecified as
part of the composition options. As with life, the maximum value for the loop parameter is used to indicate [indefinite
looping. Looping impacts the caching strategy used by the reader as many readers will not wish to free any compositing
layer oncg decoded.

M.6 Using reader requirements masks to determine how a file can be used

The JPX format defines a file architecture rather than a specific, fixed set of data structures that will be found in a file.
This architecture is complex enough to permit quite distinct file structures. For example, a JPX file may include:

—  animation;

—  image collections;

—  redundant image sets (e.g., print and display versions of the same scene); or
— single images in special colour spaces (e.g., Parameterized CIELab).

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.

In general, a reader need only identify that it satisfies the requirements outlined in point 2 in order to be assured of being
able to read enough of the file to fulfil the creator's intent. On the other hand, an editor may want to inform a user if there
is any asgject of the Tile that It does not Know how to support. Because all JPEG 2000 family Tiles are nof necessarily
interopergble with all JPX readers, these expressions describe each aspect of the file, and the combination of features that
shall be syipported to interpret the file correctly.

M.6.1 ypes of expressions

M.6.1.1 [Fully understand aspects

An encodgd expression is used to describe all of the items contained within the file, and.the combinations of furjctionality
required tp read these items. This expression describes each major option a reader has\far processing the features of the
file, regargless of whether support for a particular feature is required to make use af\that aspect of the file. Forf example,
a file may contain metadata describing an original file from which it was created; however, a reader is not rpquired to
understanf this metadata in order to correctly use the file.

M.6.1.2 [Display contents

A second expression is used to describe the functionality required to display the contents of the file as desired. [Files may
contain sgqveral representations of a single image, so that the expression to display the contents correctly mgy include
several oftions.

In the evgnt that a file cannot be displayed as desired-by the writer, a fallback method for displaying the file is defined.
The fallbgck methods are intended to be ultimately.interoperable, as such, they may not generate the exact desirgd output.

A list of fallback methods is stored in the File-Type box at the beginning of the JPEG 2000 family file: all f{les which
start withfa JPEG 2000 Signature box shalf'contain a File Type box. The File Type box contains a list of known methods
of readin* the file. For example, the~JR2 file format defines the JP2 fallback position. This specifies that a reader
conforming to the JP2 file format specification, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, clause 1.2.4, can read
the file.

This Recdmmendation | International Standard defines one additional fallback position, JPX baseline, as defineq in clause
M.9. Thege define other minimal readers, and a set of file formats that are guaranteed to be readable by those rpaders.

Fallback methods arestored in the File Type box. The order within the box is of no significance. When a readey supports
more thar] one of the-fallback methods described in the file, it is up to the reader to determine which fallback methods to
use.

M.6.2 ylnrpqcinn rplnrpcpntatinn

The expressions of the requirements to fully understand all aspects, and to display the file as desired are stored in the
Reader Requirements box, which is a mandatory feature of a JPX file format. If the Reader Requirements box is not
present, the File Type box describes the full functionality of the file.

The Reader Requirements expressions are logical expressions involving functions which can be provided by the writer.
These expressions may include vendor-specific options. The expression is factored into AND-separated sub-expressions,
each containing only OR operations. These are then encoded into bitmasks which the reader can use to determine how to
handle the file.

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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Formulating requirements expressions

When formulating the requirements expressions describing a file, each expression is firstly factored into AND-separated

sub-expre

ssions, each sub-expression containing OR-separated options. Thus, an expression in the form:

(A&B&C&E) | (D &E)

is factored into the expression:

(A|D)&(B|D)&(C|D)&E

(M-3)

(M-4)

Each sub-expression is expressed as a bit-array, with a flag set for each option appearing in that sub-expression. So, for
example, the expression (A | D) becomes:

The full e

with each

support one of the functionalities in each column of the table.

However,

functiona’Lity required to display a file is part of the functionality required to fully understand its contents). Thu

expressio
each expr|

Aspects ig:

then, noti

Table M.1 — Example expression

A B C D E
1 0 0 1 0
Kpression 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

sub-expression in a column of the table. Thus,te’satisfy the requirements of this expression, a rea

there are two expressions to be encodéd, and they will, in general, share common factors (bs

s are combined into one table, and.a-bitmask is provided to determine which columns in the table
bssion. So, if the expression in Equation M-3 is Display Contents and if the expression for Fully U

((A|D)& (B|D) & (C|D) &E) & (F|G)

Table M.3 — Example factored expression

ng that the expressien in Equation M-4 is a common factor, here, the resulting table is (see Table M.3):

Her has to

cause the
s, the two
belong to
nderstand

(M-5)

1 0 0 0 0 A
0 1 0 0 0 B
0 0 1 0 0 C
1 1 1 0 0 D
0 0 0 1 0 E
0 0 0 0 1 F
0 0 0 0 1 G
1 1 1 1 0 Display contents
1 1 1 1 1 Fully understand

where the first four columns are the Display Contents requirement, and all five sub-expressions are required to Fully
Understand Aspects. Thus the bitmask for Display Contents is 11110, and the bitmask for Fully Understand Aspects

is 11111,
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This table can be read in columns, as a set of sub-expressions defining the functionality required of a reader, or in rows,
as a set of compatibility bitmasks which a reader can use to determine whether it can read the file. By obtaining the bitwise
OR of the rows which correspond to the functionalities present, and comparing the result with the bitmasks for the two
expressions, a reader can determine whether it can satisfy the requirements of each.

Thus, a writer can construct the table in columns, setting flags corresponding to the options in each sub-expression, and
generating the bitmasks describing which sub-expressions are ANDed together to form the full expressions for Fully
Understand Aspects, and Display Contents. It can then obtain the compatibility bitmasks for each function which a reader
may use 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
width of the compatibility bitmasks, to byte precision. This is followed by the bitmasks for the Fully Understand Aspects
and Display Contents expressions, and in turn by a list of the features used and their compatibility masks, obtained from
the rows ¢f the expression table.

The list includes a set of standard features used (as specified in Table M.14) and their compatibility bitmasks| followed
by a list ¢f vendor-specific features (represented as UUIDs), together with the compatibility bitmasks,assoc|ated with
these. Apart from the separation into standard and vendor-specific features, the order of presentation, isunimpoftant. This
structure s fully specified in clause M.11.1.

M.6.2.3 [Examples

For example, consider an image processing program that produces a JPX file containing a single image in the SRGB
colour space, and a multiple codestream version containing the compositing layers;.to’allow an editor to work with the
image, anfl includes metadata containing the history of the file, then the requirement to display the file is:

sRGB & (single codestream | (multiple codestream & compositing)) (M-6)

and to fully understand the file requires:

SRGB & (single codestream | (multiple codestream'& compositing)) & metadata (M-7)

Equation M-6 factors as:

SRGB & (single codestream | multiple'codestream) & (single codestream | compositing) (M-8)

Equation M-7 factors similarly, so the sub-expressions are:
p) SRGB;

b) single codestream jxnultiple codestream;

) single codestream | compositing;

d) metadata.

The resulfing expressign-table and bitmasks is shown in Table M.4.

The bitmasks indicate which sub-expressions are required for each degree of functionality. Thus the exprgssion for
Display Jontents'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

Thus, the

AS a seco
image, fo
For this fi

while the

Hlr| o|lo|r|r|lo Sub-Epr
g|r|r|o|o|o|o| Sub-Expd

Hl~r|lo|lo|lo|lo|r
Hl—r|o|lr|lo|lrr|o

Display Contents bitmask

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 anthdM-7

Mask Length (in bytes) 19
Fully Understand Aspects bitmask 1 1 1 1
Display Contents bitmask 1 1 1
Number of Standard Features 5
Standard Feature Compatibility list sRGB
1 | o%] 0o | o |
single codestream
oM [ 1 [ o |
multiple codestream
0 | 1+ | o | o |
compositing
o | o [ 1 ] o |
metadata
o | o [ o | 1 |
Number of Vendor-Specifit features 0
4 1 byte, because masks-are 4 bits wide, which fits into 1 byte.

nd example, suppose the ACME printer driver produces a JPX file which contains a single codestre
display, and a CMY.K:image which can be read by a printer driver using ACME's vendor-specific
lle, the expression to\Fully Display Contents is:

(sRGB & single codestream) | (CMYK & single codestream & ACME extensions)

Expression to Understand All Aspects is:

am sSRGB
functions.

(M-10)

((sRGB & single codestream) | (CMYK & single codestream & ACME extensions))

& metadata & ACME print metadata

Factorizing these into sub-expressions gives:

and:

single codestream & (sRGB | CMYK) & (sRGB | ACME extensions)

single codestream & (sRGB | CMYK) & (sRGB | ACME extensions)
& metadata & ACME print metadata

respectively.
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The resulting file Reader Requirements table is shown in Table M.6:

Table M.6 — Reader Requirements table for Equations M-10 and M-11

sRGB 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

As alwayg, each column represents a factor sub-expression, and each row provides a compatibility bitmask whig
can use to|determine whether it can read the file. This example includes vendor-specific features, and that-sub<e
can involye both standard and vendor-specific functionality.

These are|stored in the file as shown in Table M.7:

Table M.7 — Reader Requirements box data for Equations M-10 and'M-11

Mask Length 1
Fully Understand Aspects bitmask 1 1 1 1 1
Display Contents bitmask 1 1 0 1 0
Number of Standard Features 4
Standard Feature Compatibility list SRGB
o [ )] o [ 1 ] o |
CMYK
o’ 1 | o [ o | o |
single codestream
1 | o] o | o | o]
metadata
o | o | 1+ [ o | o |
Number of Vendor Features 2
Vendor Feature Compatibility list ACME extensions UUID
o | o | o [ 1 | o |
ACME print metadata UUID
o | o [ o | o | 1 |

Also condider a JPX file.that contains two compositing layers that are not combined by either animation or cor
they are cpnceptuallytwo separate rendered results. The first compositing layer contains a single codestream in
colourspape (specified using the Enumerated method). The second compositing layer contains a single codes

h a reader
pressions

npositing;
the SRGB
fream, for

which the|colourspace is specified using the Any ICC method. In addition, the second compositing layer contaifs vendor-

specific njetadata.

For this file, the expression to Fully Display Contents Is:

(sRGB & single codestream) | (full ICC & single codestream & ACME extensions)

while the expression to Understand All Aspects is:

((sRGB & single codestream) | (full ICC & sRGB & single codestream & ACME extensions))

Factorizing these into sub-expressions gives:

single codestream AND (sRGB | full ICC) AND (sRGB | ACME extensions)

(M-14)

(M-15)

(M-16)
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single codestream AND sRGB AND full ICC AND ACME extensions (M-17)
respectively. The resulting file Reader Requirements table is shown in Table M.8:
Table M.8 — Reader Requirements box data for Equations M-16 and M-17
Mask Length 1
Fully Understand Aspects bitmask 1 0 0 1
Display Contents bitmask 0 0
Number of Standard Features 3
Standard Caatiivra Commnatihilitg Lict cROR
Standare-Feature-Gompatibiity Hst—————— SRGB
o |1 [1]1]o] o]
Any ICC
o [1Jofof1][o[ff
single codestream
t]ofofofodl]
Number of Vendor Features 1
Vendor Feature Compatibility list ACME extensions\UUID
o [ofol ool |
M.6.3 [Testing an Implementation against requirements expressions
In order t¢ determine whether it can read the file, the reader extracts the compatibility bitmask from the featur¢ list entry
corresponding to each functionality which it provides. If a flag is setin,the bitmask, then this function is an opfion in the
sub-expregsion corresponding to the flag.
Thus, if the reader performs a bitwise OR of the bitmasks for_ all of the functions which it provides, it can fetermine
whether if can read the file by comparing the result with the Fully Understand Aspects and Display Contenty bitmasks
from the flile. Also, by reconstructing the expression table\and looking up the column (or columns) of the table|where the

file bitmask flag is set, and the reader's compatibility bitmask flag is not, the reader can determine which extra

functionality is required to read the file.

If there is[functionality provided by the reader{which is not in the feature list for the file, then the feature is ng

to read the file (and the bitmask may be assumed to be all zeroes).

Consider the first example Reader Requirements box (Table M.9):

Table M.9 — Example Reader Requirements box to test

t required

Mask Length (in bytes) 1
Fully Understand Aspects bitmask 1 1
Display Contents bitmask 1 1
Number of Standard Features 5
Standard Feature Compatibility list sRGB
T U T U T U ]
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
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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.
reader can fully display the contents of the file; however, it will not understand all aspects of the file.

Thus, this

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 s

M.7

et, so it can search the list for this, and determine that the missing functionality is metadata support.

Table M.10 — Table intentionally left blank

Extensions to the JPX file format

M.7.1  General

In the JPK file format, several features of the file format (denoted user items) can be extended unilaterally, without
consultatipn with ITU-T | ISO/IEC. For example, the format provides the Vendor Colour method to alow jndividual
vendors t¢ indicate custom colourspaces through a form of enumeration (using UUID's) without involving a third-party.
Other feafures (denoted reserved items) require specification in a Recommendation | International Standard.
M.7.2  Reserved items
M.7.2.1 [efinition
Reserved [items are those elements of a JPX file that are restricted to a limited (alb€it large in some cases) number of
values. Fgr these items, there exists the possibility that two vendors would use the 'same value for different meanings if
there is ng third-party mediating the use of the element values. Also, in most-cases, there are additional critefia for the
allocation| of values to registered items. Because the number of available values for most registered items is lifnited, and
given thaf most problems can be solved using publishable items rather than-registered items, the allocation of a|registered
value is made through Recommendations | International Standards. Ferexample, an Enumerated Colourspace is p reserved
item; the |value is indicated through the use of a 4-byte integer<{hat’is specified in Recommendations | International
Standards
Table M.11 lists reserved items.
Table M.11 — Items which can be extended:through Recommendations | International Standards
Item Purpose
Enumerpted colourspaces Define additional standard colourspaces

Desired feproduction boxes Define additional reproduction scenarios and the data required to transform images for d

those scenarios

utput in

Comyg

atibility modes Define additional compatibility modes to promote interoperability in markets not exp
addressed by the JPX baseline feature set

icitly

Stang

ard feature list Define additional standard feature codes for the Reader Requirements box

M.7.2.2

New valu
Standards|

Enumerated colourspace

es of the EnumCS field in the Colour Specification Box are specified in Recommendations | Int

prnational
ictions on

Each enumerated colourspace contains a complete colourimetric definition of that coIourspace instr

aanac 1n hat colaony kA cH-HEad-annaa. dnaramaatare (for tha LD fiald 1o tha OCalay Cn

how to use

k'l
g e oot \JUIUUI\JPLA\.:\.:, o ry oo ullulll\..luuuu PO TCTr S roT—tic—=T - HcTo HRE-cOToH ur.l\.ulflcatlon

box) and any default values of those parameters.

NOTE -

M.7.2.3

Non-standard colourspaces shall be specified using the Vendor Colourspace method.

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

applicatio

n 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.

Table M.12. list user items.

Table M.12 — Items which can be extended by registration

Item Purpose Values
VEendor feature codes Define additional vendor-specific VF! field in the Application Profile bx
features
Vendor colourspaces Define additional vendor-specific VCLR field in'the METHDAT field fpr
colourspaces Colour Specification boxes that use the
\/endor Colour method
Binary filter algorithms Define additional algorithms for use in Ffield in the Binary Filter box
the Binary Filter box
UUID metadata Define additional metadata for use within UUID's used in UUID boxes
UUID boxes
XML metadata Define additional metadata for use within Document Type Definitions (DTD's) gnd
XML boxes XML Schema's used in XML boxes

M.8 Differences from the JP2 binary definition

The box structure of a JPX file is identical to that of a-JP2 file. A JPX file is a sequence of boxes, defingd in Rec.
ITU-T T.800 | ISO/IEC 15444-1, Clause 1.6. Howeyer; " many new boxes are defined, and the structures of sevgral boxes
are extended as follows:

- The BR field in the File Type box shall be "jpx\040" for files that are completely defindd by this
Recommendation | International Standard. In addition, a file that conforms to this Recommgndation |
International Standard shall-have at least one CL.i field in the File Type box, and shall contain|the value
'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 standand.
- Additional forms’of the Colour Specification box are defined (M.11.7.2).
-~ The JPEG.2000 compressed codestream may contain extensions as defined in Annex A.

- Undersome circumstances, the JP2 header box may be found in anywhere in the file, provided that it is
not\encapsulated within another box (it shall always be at the top level of the file). See M.11.5 for a
description of the storage of the JP2 header box within a JPX file.

-\ VAdditional box types are defined within the scope of this Recommendation | International Standard.

M.9 Conformance

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 Recommendation |
International Standard. However, to promote interoperability, five profiles are defined, of which the first defines a set of
baseline features required to decode images using codestream representations conforming to Rec. ITU-T 800 |
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
and following.

The ITU-F80% 15444=-x173 a e o[ othe
exception| that the codestream in the first compositing layer shall belong to the HTONLY set specifie
ITU-T T.814 | ISO/IEC 15444-15 and shall not require support for extensions other than the irreversiblg 'deg
transformption (specified in clause J.3.1.1.1) and non-linearity transformation (specified in Annex k) extens
that are Written in such a way as to allow a reader that supports only this JHX Baseline set of features to proy
the file shall contain a CLi field in the File Type box with the value 'jhxb' (0x6a68 7862). All kX baseline r
required tp properly support all files with this code in the compatibility list in the File Type/ox.

M.9.2.1 [Compression types

Support for compression types other than JPEG 2000 (the C field in the Image Headef box = 7) shall not be r
properly display the file.

M.9.2.2 |ICompositing layers

Support for multiple compositing layers is not required to properly display the file. However, the file may contai
compositing layers. If the file does contain compositing layers, the first'compositing layer in the file (signalled I
Compositjng Layer Header box) shall be rendered. That compositing layer shall consist of one and only one cg
which shdll represent the rendered result as rendered into a single codestream. In addition, the codestream th
processed|by a reader that only supports the JPX feature setshall be the first codestream in the file.

The codegtream specified by the first compositing.layer shall be compressed using the JPEG 2000 compression
as defineq by Rec. ITU-T T.800 | ISO/IEC 15444-1 and shall not require support for extensions other than the i
decorrelation transformation (specified in,clause J.3.1.1.1) and non-linearity transformation (specified in
extensions.

A confortning JPX baseline reader -is not required to support other portions of the multiple component trang

M.9.2.10

e with the

 in Rec.
orrelation
ons. Files
erly open
paders are

bquired to

N multiple
y the first
destream,
t shall be

Igorithm,
reversible
Annex K)

formation

extension| If support for the irreversible decorrelation transformation is required, then the first codestreanp shall be

restricted fas follows:

—  The value of the Qmcc field in any MCC marker segment shall be 1.
- The Xfee! field in any MCC marker segment shall indicate an array based decorrelation transf
- Thé-Fmcec! field in any MCC marker segment shall indicate an irreversible transformation
- ~,Fhe Nmco field in any MCO marker segment shall be 1.

rmation.

That codestrearmmay comntaim other extensions provided that support for thoseexternsions s ot TequiTed to o
codestream.

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, SRGB-grey, ROMM-RGB, sYCC
or e-sYCC.

ecode the

, €-SRGB,

—  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 codestream used by the first compositing layer in a baseline JPX file may be fragmented. However, all fragments
shall be in_the JPX file itself and shall be found in the file in the order they are listed in the Fragment Table bax, starting
the search at byte 0 of the file and proceeding sequentially to the end of the file.

M.9.2.6 [Cross-reference boxes

All CrosstReference boxes that shall be parsed in order to properly interpret or decode the first compositing Igyer in the
file shall ¢nly point to fragments that are contained within the JPX file itself. Those fragments shall be in the spme order
in the file|as they are listed in the Fragment List box, starting the search at byte 0 of the file-and proceeding sefjuentially
to the end|of the file. In addition, all fragments shall be found in the file before the data representing the codestfeam used
by the compositing layer. If that codestream is specified by a Contiguous Codestream box, then all fragmer:Lts for the
cross-refeyence shall be found before that Contiguous Codestream box. If the codestréam is specified by a Fragnent Table
box, thenjall fragments for the cross-reference shall be found before the MediaData box containing the firsf fragment
from the ¢odestream.

M.9.2.7 PP2 Header box location

The JP2 Kleader box shall be found in the file before the first Contiguous Codestream box, Fragment Table bpx, Media
Data box,|Codestream Header box, and Compositing Layer Header gox. Any information contained within the JP2 Header
box shall |be applied to the first codestream, as well as being used as default information for all other codestfeams and
compositing layers; the boxes within the JP2 Header box shall'not be found within the Compositing Layer Heagler box or
the Codegtream Header box associated with the first compasiting layer.

M.9.2.8 Opacity

A baseling JPX reader shall properly interpret opacity channels, through either direct mapping to a codestream cpmponent
using either the Channel Definition box or the\Opacity box, or by expansion from a palette. The use of opacity outside of
the use of compositing layers within theJRX file indicates that the decoded image data shall be composited onto an
application defined background.

M.9.2.9 [Other data in the file

A baseling JPX file may contain/other features or metadata, provided they do not modify the visual appearance pf the still
image as yiewed using a reader that supports only the baseline JPX feature set. All baseline JPX readers should be aware
of the e>]:stence 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.9.2.10 JPEG XR profiles

In addition to codestreams conforming to the ITU-T 80x | 15444-x series of Recommendations | Standards, a JPX file
may also include codestreams conforming to 29199-2 (JPEG XR), and four profiles are defined in the following closely
mirroring the profiles of 29199-2. The four profiles are denoted JPEG XR Sub-baseline Profile, JPEG XR Baseline
Profile, JPEG XR Main Profile, and JPEG XR Advanced Profile. All profiles have in common that files conforming to
these profiles shall only contain codestreams conforming to 29199-2.

Files conforming to the JPEG XR profiles shall contain a CL' field in the File Type box with the values 'jxr0' through
'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.9.2.13 Colour specification

The first gomposting tayer stattcontaimat teast ome-Cotor-Specificatiom Box fromthefottowimgtist———

- The enumerated method EnumCS value indicating either SRGB, scRGB, sRGB-grey, scRGH-grey, bi-
level black on white or bi-level white on black for the JPEG XR baseline and JPEGXR sup-baseline
profiles.

- Inaddition to the above, the enumerated method EnumCS value indicating CMYK of the Any 1JC method
for the JPEG XR main profile.

-~ In addition to the above, the enumerated method EnumCS value indicating“YCbCr(1) through [YChCr(3)
for the JPEG XR advanced profile.

M.9.2.14 [Codestream fragmentation

The codegtreams representing the data of the first compositing layer of files‘cenforming to the JPEG XR prdfiles shall
not be fragmented.

M.9.2.15Cross Reference Boxes

Files conforming to the JPEG XR profiles shall not use Cross Reference Boxes for replacing boxes necessary [to decode
the first cpmpositing layer.

M.9.2.16 JP2 Header Box Location

The JP2 Header box shall be found in the file before the first Contiguous Codestream box, and Compositing Layer Header
box. Any| information contained within the JP2\Meader box shall be applied to the codestreams encoding the first
compositing layer, and as well being used as.default information for all other compositing layers; the boxes ithin the
JP2 Headgr box shall not be found within the Compositing Layer Header box or the Codestream Header box gssociated
with the fjrst compositing layer.

M.9.2.17 Opacity

A JPEG KR profile conforming*reader shall properly interpret opacity channels, through either direct magping to a
codestrean component using the Channel Definition box. Other means of indicating opacity, e.g., by the Oppcity box,
need not to be supported. Fhe use of opacity outside of compositing layers within the JPX file indicates that the decoded
image datp shall be composited onto an application defined background.

M.9.2.18 |Rotation

A JPEG XR conformmg reader shaII properly mterpret the ROT field of the Instruction Set box defined in
clauses M1t ‘ ‘ i oured for
compliance to the JPEG XR proflles

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 repeated, the
length angnature of the run of parameters is defined. AS an example, in Figure M4, parameters C, D, E and Fare 8, 16,
32 bit and variable length respectively. The notation GO and GN-1 implies that there are n different parametets, Gi, 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 JO followed
by H1 and J1, continuing to HM-1 and JM-1 (M instances of each parameter in total). Also, the field Eyis.optiondl and may
not be foynd in this box.

After the lfist is a table that either describes the allowed parameter values or provides references teother tables that describe
these values.

8-bit paraneter 32-bit parameter Run of N parameters
C D E F G() G\—I Hﬂ JU HM—I JM—l
T401(21)_FM.4
Variable size parameter Run of M sets of parameters

Figure M.4 — Example.of:the box description figures

In additiop, in a figure describing the contents of a superbox, an ellipsis (...) will be used to indicate that contgnts of the
file betwden two boxes is not specifically defined. Any box (or sequence of boxes), unless otherwise specifled by the
definition|of that box, may be found in place of the ellipsis.

AA BB

T.801(21)_FM.5

Figure M.5 — Example of the superbox description figures

For exampléyxthe superbox shown in Figure M.5 shall contain an AA box and a BB box, and the BB box shall follow the
AA box. Mowevertheremaybeotherboxesfountbetweenboxes AAand-BBDeating-withtmknownboxests discussed
in clause M.12.

M.11 Defined boxes

The following boxes are defined as part of JPX file format. In addition, any box defined as part of the JP2 file format that
is not also listed here is also defined for use in a JPX file. However, this Recommendation | International Standard may
redefine the binary structure of some boxes defined as part of the JP2 file format. For those boxes, the definition found in
this Recommendation | International Standard shall be used for all JPX files.

Figure M.6 shows the hierarchical organization of the boxes in a JPX file. Several of these boxes are defined within the
JP2 file format specification. This illustration does not specify nor imply a specific order to these boxes. In many cases,
the file will contain several boxes of a particular box type. The meaning of each of those boxes is dependent on the
placement and order of that particular box within the file.
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JPX file

JPEG 2000 Signature box

Data Reference box (M.11.2)

File Type box

Fragment Table box (M.11.3)

Reader Requirements box (M.11.1)

Fragment List box (M.11.3.1)

JP2 Header box (M.11.5)

Label box (M.11.13)

Contiguous Codestream box (M.11.8)

Image Header box

Media Data box (M.11.9)

Bits Per Component box

Colour Specification box (M.11.7.2)

Component Mapping box

Channel Definition box

Composition box (M.11.10)

Composition Options box (M.11.10.1)

Instruction Set box (M.11.10.2)

Desired Reproductions box (M.11.15)

—Resotutiombox

Capture Resolution box

i Graphics Tech. Standard Output box (M. 11.15.T)

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)

“odestream 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 (MA1.11)

Decomposed: XML box (M.11.2.26)

Associdtion 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 iox (M.11.7.7)

Intellectual Property Rights box (N.5.4)

Resolution box

Capture Resplution box

Default Display resolution box

UUID Info box

UUID List box

Data Entry URL box

Pixel"'Format Box

Grotninag box (M 11 25,
=

Multiple Codestream box (M.11.23)

Multiple Codestream Info box (M.11.24)

Contiguous codestream box (M.11.8)

Fragment Table box (M.11.3)

T.801(21)_FM.6

Figure M.6 — Boxes defined within a JPX file

Table M.13 lists all boxes defined as part of this Recommendation | International Standard. Boxes defined as part of the
JP2 file format are not listed. A box that is listed in Table M.13 as "Required" shall exist within all conforming JPX files.

For the placement of and restrictions on each box, see the relevant 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.
Bits Per Component box (M.11.5.2) ‘bpcc’ No This box specifies the bit depth of the components in the
(0x6270 6363) file in cases where the bit depth is not constant across all
combhonants.
I PO
Codestregm Header box (superbox) 'jpch’ No This box specifies general information, such as. pit depth,
(M.11.6) (Ox6AT70 6368) height and width about one specific codestream|in the
file.
Composifing Layer Header box ‘jplh’ No This box specifies general informatiop; such as
(superbox) (M.11.7) (0x6A70 6C68) colourspace and resolution, abaut,ene specific
compositing layer in the file.
Colour Gfoup box (superbox) ‘cgrp’ No This box groups a sequence.of Colour Specification
(M.11.7.1) (0x6367 7270) boxes that specify the-different ways that the coJourspace
of a layer can be processed.
Colour Specification box ‘colr’ Yes This box specifies one way in which the colourgpace of
(M.11.7.2) (0x636F 6C72) an image can.be processed. The definition of this box is
extended from/the definition in the JP2 file fornjat.
Opacity Jox (M.11.7.6) ‘opct’ No This box-specifies how opacity information is cntained
(0x6F70 6374) within aSet of channels.
Codestregm Registration box ‘creg’ No This box specifies the alignment between the sef of
(M.11.7.7) (0x6372 6567) Codestreams that make up one compositing layef.
Data Ref¢rence box (M.11.2) 'dtbl' No This box contains a set of pointers to other filesjor data
(0x6474 626C) streams not contained within the JPX file itself.
Fragmen( Table box (superbox) ‘ftbl' No This box specifies how one particular codestream has
(M.11.3) (0x6674 626C) been fragmented and stored within this JPX filefor in
other streams.
Fragmen{ List box (M.11.3.1) flst' No This box specifies a list of fragments that make up one
(0x666C,7374) particular codestream within this JPX file.
Cross-Reference box (M.11.4) ‘oref' No This box specifies that a box found in another Iqcation
(0x6372 6566) (either within the JPX file or within another file) should
be considered as if it was directly contained at this
location in the JPX file.
Contiguops Codestream box 'jp2¢’ No This box contains one codestream from the JPX|file,
(M.11.8) (0x6A70 3263) stored contiguously in a single box.
Media Data box (M.11.9) ‘mdat’ No This box contains generic media data, which is
(0x6D64 6174) referenced through the Fragment Table box.
Composition box (siperbox) ‘comp’ No This box specifies how a set of compositing laygrs shall
(M.11.10 (0x636F 6D70) be combined to create the rendered result.
Composifion-Options box ‘copt’ No This box specifies generic options for the compgsition of
(M.11.1011) (0x636F 7074) multiple compositing layers.
Instruction Set box (M.11.10.2) ‘inst’ No This box specifies the specific instructions for combining
(0x696E 7374) multiple compositing layers to create the rendered result.
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.
D|g|ta| S vnaturu box (!\'/!111'7) ‘chek! Ng This hox contains-a chacksum or Higifnl cignnhl e fora
(0x6368 636B) portion of the JPX file.
MPEG-7|Binary box (M.11.19) 'mp7b’ No This box contains metadata in MPEG-7 binary format
(0x6D70 3762) (BiM) as defined by ISO/IEC 15938.
Free box|(M.11.20) ‘free’ No This box contains data that is no Jonger used angl may be
(0x6672 6565) overwritten when the file is updated.
Intellectual Property Rights (clause "ipr' No This box contains intellectual rights informatior].
N.5.4) (Ox6AT70 3269)
Pixel Format box ‘pxfm'’ No This box specifies the interpretation of reconstrycted
(M.11.7.8) (0x7078 666d) sample values as integer, 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 layers,
(M.11.21] (0x6A63 6C78) codestream headers and compositing instructions.
Composifing Layer Extensions Info jixi' No This box provides information concerning the rgpetition
box (M.1{L.22) (0X6A6CT869) factor, compositing layer indices and other attritjutes of
the compositing layers and compositing instructjons
found within the Compositing Layer Extensiong box.
Multiple Codestream box (M.11.23) j2ex! No This box represents a concatenated collection off one or
(0x6A32 6378) more contiguous codestream boxes or fragment|table
boxes.
Multiple Codestream Info box j2ci’ No This box contains information describing the Mpltiple
(M.11.24) (0x6A32.6369) Codestream box in which it is found.
Grouping box (M.11.25) 'grp\e40’ No This superbox is a container (or wrapper) for any number
(0x6772 7020) of boxes which might otherwise be found as the|non-
initial sub-box of an Association box.
Decompgsed XML box (M.11.26) ‘dxml’ No This box provides front-matter from an XML dgcument
(0x786D 6C64) as part of a mechanism for decomposing a singlg XML
document into a hierarchical collection of Assogiation
boxes.
XML Hegder 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 hidrarchical
collection of Association boxes.

M.11.1 sater REQUITEMENTS DOX

The Reader Requirements box specifies what features or feature groups have been used in this JPX file, as well as what
combination of features shall be supported by a reader in order to fully use the file. The Reader Requirements box shall
immediately follow the File Type box, and there shall be one and only one Reader Requirements box in the file.

All features specified are in addition to the features defined by the JP2 file format and JPEG 2000 codestream profile 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 s’ SM SESF N

VF VM’ VM)

0 NSF-1

VF VF

T.O1(21)_FM.7

Figure M.7 — Organization of the contents of the Reader Requirements hox

ML.: Mask length. This field is a byte that specifies the number of bytes used.for the compatibiljty masks.

This field is encoded as a 1-byte unsigned integer.

FUAM: Fully Understand Aspects mask. This field is the mask describing the Fully Understanfi Aspects

expression. This field is specified as a big endian integer of-the/size as specified by the MU field.

DCM: Display Contents mask. This field is the mask describing.the expression to display the image|correctly.

This field is specified as a big endian integer of the size)as specified by the ML field.

INSF: Number of standard flags. This field specifies thé humber of standard feature flags contaiged within

the Reader Requirements box. The value of this/field shall be equal to the number of SFi figlds found
within the Reader Requirements box. This field is encoded as a 2-byte big endian unsigned integer.

SFi: Standard flag. This field specifies a stapdard feature flag. The number of SFi fields shall be equal to

the value of the NSF field. This field:is encoded as a 2-byte big endian unsigned integer. Legal values
of this field are specified in TablesM.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 Reader

Requirements box-The value of this field shall be equal to the number of VFi fields in the Reader
Requirements box=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 bq specified
using.the-UUID Info box as defined in the JP2 file format.

\V Mi: Vendor mask. This field specifies the compatibility mask for the feature specified by VF.|This field

is)specified as a big endian integer of the size as specified by the ML field.

Table M.14 — Legal values of the SFi field

Value

Meaning

o

File not completely understood

Codestream contains no extensions

Contains multiple composition layers

Deprecated

JPEG 2000 Part 1 Profile 1 codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, Table A.45

Unrestricted JPEG 2000 Part 1 codestream as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1

Unrestricted JPEG 2000 Part 2 codestream as defined in this Recommendation | International Standard

JPEG codestream as defined in ISO/IEC 10918-1

Deprecated

O~ || W|IN|F

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

16 Fragmented codestream where some fragments may be accessible only through a URL specified network connection

17 Compasiting required to produce rendered result from multiple compaositing 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 compbositing layers are in th¢ same
colourspace

24 Deprecated

25 Animation

26 First animation layer does not cover entire rendered result area

27 Deprecated

28 Reuse of animation layers

29 Deprecated

30 Some animated frames are non-persistent

31 Deprecated

32 Rendered result involves scaling within a layer

33 Rendered result involves scaling between 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 BiLevel 1 enumerated colourspace

48 BiLevel 2 enumerated colourspace

49 YCbCr 1 enumerated colourspace

50 YCbCr 2 enumerated colourspace

51 YCbCr 3 enumerated colourspace

52 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
63 Deprecated
64 Deprecated
65 Deprecated
66 Deprecated
67 GIS metadata XML box
68 JPSEC extensions in codestream as specified by ISO/IEC 15444-8
69 JP3D extensions in codestream as specified by ISO/IEC 15444-10
70 Deprecated
71 e-sYCC enumerated colourspace
72 JPEG 2000 Part 2 codestream as restricted by baseline conformance requirements+in clause M.9.2.3
73 YPbPr(1125/60) enumerated colourspace
74 YPbPr(1250/50) enumerated colourspace
75 Codestream contains a JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstream.
76 Codestream contains a Sub-baseline profile JPJEG XR (Rec. IRUSIT.832 | ISO/IEC 29199-2) compliant bitstfeam.
77 Codestream contains a Baseline profile JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstrean).
78 Codestream contains a Main profile JPEG XR (Rec. ITU-F T.832 | ISO/IEC 29199-2) compliant bitstream.
79 Codestream contains an Advanced profile JPEG XR{Rec. ITU-T T.832 | ISO/IEC 29199-2) compliant bitstrdam.
80 Pixel format "Fixed Point" is used.
81 Pixel format "Floating Point" is used.
82 Pixel Formats "Mantissa" or "Exponent"are used.
83 Compositing layer uses IEC 61966-2-2(sScRGB) enumerated colourspace
84 Block Coder Extensions (Annex P)
85 Compositing layer uses scRGBIgray scale (IEC 61966-2-2 based) enumerated colourspace
86 JPEG 2000 codestream Gapabilities 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 8- ML Variable

NSF 16 0-65 535

SFi 16 0-65 535

Smi 8- ML Variable

NVF 16 0-65 535

VFi 128 Variable

VMI 8- ML Variable
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M.11.2 Data Reference box

The Data Reference box contains an array of URL's which are referenced by this file. Many of these references will be
from Fragment Table boxes, specifying the location of the codestream fragments. Other references will be from Cross-
Reference boxes. A JPX file shall contain zero or one Data Reference boxes, and that Data Reference box shall be at the
top level of the file; it shall not be in any superboxes.

The Data Reference box is not a superbox because it does not contain only boxes.

The type of the Data Reference box shall be 'dthl' (0x6474 626C), and its contents shall be as follows (see Figure M.8):

< NDR-1

NDR DR’ DRY

T.801(21) FM.8

Figure M.8 — Organization of the contents of a Data Reference box

NDR:  Number of data references. This field specifies the number of data references, and thds the pumber of
URL boxes contained within this Data Reference Box.

DRI Data Reference URL. This field contains a Data Entry URL box, as defihed 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 npt specific
to UUID Info Boxes. The meaning of the URL is specified in the context of the box that refers to the
particular entry in the Data Reference box.

The indices of the elements in the array of DRI fields is 1 bdséd; a data reference of 1 in g DRI field
within a Fragment List box specifies the first Data Reférence URL contained within| the Data
Reference Box. A data reference value of O is a special ¢ase that indicates that the referencg is to data
contained within this JPX file itself.

The format of the contents of the Data Reference box is given in Table M.16.

Table M.16 — Format of the conténts 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 Fragmént Table box specifies the location of one of the codestreams in a JPX file. A file may contain zerp or more
Fragment|Table boxes. For the purpose of numbering codestreams, the Fragment Table box shall be considered g¢quivalent
to a Contiguous Codestream hox. Fragment Table boxes shall be found only at the top level of the file or withif Multiple
Codestream boxes; they shall_not be found within any other superboxes.

The type pf the Fragment Table box shall be 'ftbl' (0x6674 626C), and its contents shall be as follows (see Figdre M.9):

Flst

T8O ZT FITT

Figure M.9 — Organization of the contents of a Fragment Table box
Flst: Fragment List. This field contains a Fragment List box as specified in clause M.11.3.1.

M.11.3.1 Fragment List box

The Fragment List box specifies the location, length and order of each of the fragments that, once combined, form a valid
and complete data stream. Depending on what box contains this particular Fragment List box, the data stream forms either
a codestream (if the Fragment List box is contained in a Fragment Table box) or shared header or metadata (if the
Fragment List box is contained in a Cross-Reference box).
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If this Fragment List box is contained within a Fragment Table box (and thus specifies the location of a codestream), then
the first offset in the fragment list shall point directly to the first byte codestream data; it shall not point to the header of
the box containing the first codestream fragment.

If this Fragment List box is contained within a Cross-Reference box (and thus specifies the location of shared header or
metadata), then the first offset in the fragment list shall point to the first byte of the contents of the referenced box; it shall
not point to the header of the referenced box. However, if the referenced box is a superbox, then the offset of the first
fragment does point to the box header of the first box contained within the superbox.

For all other offsets in the Fragment List box, the offsets shall point directly to the first byte of the fragment data and not
to the header of the box that contains that fragment.

In addition, an offset within any Fragment List shall not point into a Binary Filter box. If the JPX file does contain one or
more Binary Filter boxes, then all offsets in all Fragment list boxes shall be interpreted with respect to the length of the
Binary Filter boxes, as stored in the file, not the length of the data after the application of the filter.

The type of the Fragment List box shall be 'flst' (0x666C 7374) and it shall have the following contents (see Figt||re M.10):

NF OFF LEN’ DR Nb

NE-1 NF- 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 specifies.the number of fragments used to contain the dgta stream.
The number of {OFF, LEN, DR} tuples in the Fragment list box shall be the same numper 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 offset is
relative to the first byte of the'file (for example, the first byte of the length field of the JPEG 2000
signature box header for a JRX file). This field is encoded as a 64-bit unsigned integer.

LENi:  Length of fragment. This-field specifies the length of the fragment. This value includes only|the actual
data and not any headers of an encapsulating box. This field is encoded as a 32-bit unsigned integer.

DRI Data reference. This field specifies the data file or resource that contains this fragment. If{ the value
of this field«is\zero, then the fragment is contained within this file. If the value is not zerq, then the
fragment is_¢ontained within the file specified by this index into the array of DRI fields i) the Data
Refergnce’box, where an index value of 1 indicates the first element in the array. This field is encoded
as,a“16-bit unsigned integer.

The format of the contents of the Fragment List box is given in Table M.17.

Table M.17 — Format of the contents of the Fragment List box

Parameter Size (bits) Value
NF 16 0-65 535
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, Co

mpositing

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 su

perbox.

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

+

typ: Referenced-box-type—Thisfretc-specifiestheactuat-type(aswoutdbefound-inthe-TBox
actual box header) of the box referenced by this Cross-Reference box. However, a reade

as it is legal to use a Cross-Reference box to create a new box that is not contiguously co
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 refere
When those fragments are concatenated, in order, as specified by the Fragment List box

the resulting byte-stream shall be the contents of the referenced box and shall not inclug
header fields. However, if the referenced box is a superbox, thenithe.offset of the first frag
point to the box header of the first box contained within the superbox. The format of the
List box is specified in clause M.11.3.1.

The format of the contents of the Cross-Reference box is given in . Table M.18.

Table M.18 — Format of the contents of €he ‘Cross-Reference box

Parameter Size (bits) Value
Rtyp 32 0-(232-1)
flst Variable Variable

M.11.5 P2 Header box (superbox)

The JP2 Kleader box is syntactically unchanged from the structures defined in the JP2 file format. However,

file conta|ns multiple codestreams or mulfiple compositing layers, then any boxes contained within the JP2 H
shall be cpnsidered as defaults for allcodestreams and compositing layers. For example, if a Compositing Layf
box does
the JP2 Hpader box to that particular compositing layer.

Also, if the JP2 Header box(specified default information for any codestreams, then the semantic relationship of
Header bgx and Bits Per Component box contained within the JP2 Header box shall follow the rules defined
M.11.5.1 pnd M.11.5¢2espectively.

Also, the JPX file-farmat allows the JP2 Header box to be located anywhere at the top-level of the file (but not
superbox). However, certain fallback positions, such as the JPX baseline definition, may restrict the placem
box. In addition, if this file does not require the JP2 Header box to meet the requirements of a fallback position

ield in an
shall not

attempt to locate a physically stored box header for the box represented by this cross=refefence box,

ntained in

hced box.
Hefinition,
e the box
ment does
Fragment

f the JPX
eader box
er Header

ot specify a Colourspace specification, then a reader shall apply the Colourspace Specification contaified within

the Image
in clause

vithin any
ent of this
. nor does

it use the PECITY information for multiple composIting layers or codestreams, the
may be omitted from the file.

M.11.5.1 Image Header box

n this 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 followi
(see Figure M.12):

ng format
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]
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: Number of components. The value of this field is identical to that defined for the JP2 file format.
BPC: Bits per component. This parameter identifies the bit depths and signed/unsigned characteristics

of the component sample values reconstructed from the codestream, stored as a 1-byte field as
defined in Table M.20. If the components vary in bit depth or signed/unsigned characteristics,

+ [ £ thic £1ald chall ha OEE and tha crinarihasy, that ntat thic leann ader bOX

haon tha valiin ~ H B o at oo na
CHCTT TV aroC O thiTS T To STath DT~ Z 097 arttr tHic - SUpPtTrioUA—tat ot io- oo oy e

(either the JP2 Header box, a Codestream Header box or Compositing Layer Extengion Box)
shall contain a Bits Per Component box defining the bit depth and igned/unsigned
characteristics of each component. If all components have the same|bit depth and
signed/unsigned characteristics, the BPC parameter identifies the bit depth and signed/unsigned
characteristics for all components and has the same interpretation toythé BPC' parafneters, as
explained in connection with the Bits Per Component box in clause Mx11.5.2.

If the bit depth is the same for all components, then this parameter specifies that bit depth and
shall be equivalent to the bit depth specified within the codestream using the data |structures
defined for that particular codestream format. If the compangnts vary in bit depth, ther the value
of this field shall be 255, and the superbox that contairis this Image Header box (either the JP2
Header box or a Codestream Header box) shall contaifva Bits Per Component box dgfining the
bit depth of each component (as defined in clause I{5.3.2 in Rec. ITU-T T.800 | ISO/IEC 15444-
1 in the JP2 file format). Components should be considered to have different bit deptfs if either
the magnitude or sign of the bit depth of the_components differ.

The low 7-bits of the value indicate the bit depth of the components. The high-bi{ indicates
whether the components are signed or-unsigned. If the high-bit is 1, then the componerjts contain
signed values. If the high-bit is 0, then the components contain unsigned values.

C: See Table M.19.
Table M.19 — Legal C values
Valug Meaning
0 Uncompressed. Picture data'is stored in component interleaved format, encoded at the bit depth as specifjed by

the BPC field. This value'is only permitted for codestreams where all components are encoded at the samg bit
depth. When the bit'depth of each component is not a multiple of 8, component values shall be packed info bytes
so that no bits are-unused between components. However, the value of the first component of each samplg shall
begin on a byte boundary and padding bits having value zero shall be inserted after the last component ofjthe
sample as necessary to fill out the remaining bits to the next byte boundary. When multiple component vglues are
packed into\a byte, the first component shall appear in the most significant bits of the byte. When a compgnent is
larger than'a byte, its most significant bits shall appear in earlier bytes.

1 RecxTU-T T.4, the basic algorithm known as MH (Modified Huffman). This value is only permitted|for bi-
level images.
Rec. ITU-T T.4, commonly known as MR (Modified READ). This value is only permitted for bi-level [images.
ReCTTO=-T T-6, commonty Riowr a5 MR (viodified Wodified READ) TS vatue 15 onfy permitted for bi-
level images.
Rec. ITU-T T.82 | ISO/IEC 11544. Commonly known as JBIG. This value is only permitted for bi-level images.
5 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.

10 Rec. ITU-T T.45 (run length coding, used in Rec. ITU-T T.805 | ISO/IEC 15444-6)
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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 described by
this Image Header box. If the value of this field is 0, those codestreams do not have associated
rights information. If the value is 1, then those codestreams do have associated rights
information. Other values are reserved.
Table M.20 — BPC and BPC' parameters
Valugs (bits) .
MsH LsB Component Sample Format and Sample Precision
x00d 0000 Component bit depth = value + 1. From 1 bit deep through 38 bits deep respectively (counting th¢ sign bit,
- if appropriate)
x01(Q 0101
0xx¥q XXXX Components are unsigned
1xx¥ xXXXX Components are signed
1119 1111 Component bit depths vary (Bits Per Component Box only)
all othpr values Reserved for future use
NOTE}- For codestreams conforming to Rec. ITU-T T.80x | ISO/IEC 15444-x (JPEG2000) this is the bit depths after any inverse
multiple component transformation or reverse non-linearity transformation extension has been applied to compongnts in the
codestieam. In case an extended Rec. ITU-T T.801 | ISO/IEC 15444-2 multiple-<component transformation is used, the pomponent

bit depths does not necessarily match the data in the SIZ marker of the codestream. For fixed point and floating point pix
the numerical interpretation of the component sample values depefnds ‘not only upon the bit depth and signe
characteristics identified by BPC or BPCi, but also on the number of fraction bits or mantissa bits, as supplied via the P
box. The Bits Per Component box then only specifies the total number of bits required to represent the data and wheth

is sign
M.11.5.2

The Bits
compone
in case th

The struct
| ISO/IEC]

The Formiat of the contents of the'fmage Header box is given in Table M.21.

d or unsigned

Bits Per Component box

Per Component box specifies the bit depth*and signed/unsigned characteristics of each fully decd
t, using a 1-byte field for each component, as defined in Table M.20. This box is optional and is onl
P bit depths varies between compongnts.

ure of this box is identical to that,defined in clause 1.5.3.2 in the JP2 file format specified in Rec. IT
15444-1.

Table M.21 — Format of the contents of the Image Header box

el formats,
d/unsigned
xel Format
er the data

mpressed
/ required

U-T T.800

M.11.6

Field name Size (bits) Value
HEIGHT 32 1-(232-1)
WIDTH 32 1-(232-1)

NC. 16 1-16.384
BPC 8 See Table M.20
Cc 8 Compression Type,
see Table M.19
UnkC 8 0-1
IPR 8 0-1

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
Codestream boxes. For example, if a file contains two Contiguous Codestream boxes, followed by a Fragment Table box,
followed by another Contiguous Codestream box and two Multiple Codestream boxes, each with two codestreams, the
JPX file gontains eight codestreams, where the codestreams contained directly in the first two Contiguous)Cpdestream
boxes arel numbered 0 and 1, the codestream pointed to by the Fragment Table box is numbered 2, the, cpdestream
contained| within the last Contiguous Codestream box is numbered 3, and the codestreams contained withip the first
(respectively second) Multiple Codestream box are numbered 4 and 5 (respectively 6 and 7).

The type jof a Codestream Header box shall be 'jpch’ (0x6A70 6368). The contents of a Codéstream Header] box is as

follows (see Figure M.13):

77/ //% ///% o s

Figure M.13 — Organization of the contents ofé& Codestream Header box

abel:  Label box. This box specifies a label for this.codestream. Its structure is specified in clausq M.11.13.

hdr: Image Header box. This box specifies infarmation about this codestream, such as its height and width.
Its structure is specified in clause M.115.1. If the JP2 Header box contains an Image Headgr box that
accurately specifies this codetream, then it is not required that this Codestream Header bgx contain
an Image Header box. Otherwise, this Codestream Header box shall contain an Image Header box. In
addition, if the IPR flag in the:lmage Header box is set to 0, indicating no intellectual propgrty rights
information is specified for.this codestream, then this Codestream Header box shall not gontain an
IPR box, and the reader shall not apply the contents of an IPR box at the top level of the file to this
codestream.

ppcc:  Bits Per Componéntbox. This box specifies the bit depth of each component in the codestfeam after
decompression. 1ts structure is specified in clause M.11.5.2.

pclr: Palette bex:“This box defines the palette to use to create multiple components fron] a single
comporient:”Its structure is specified in clause 1.5.3.4 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the
JP2 file format.

cmap: Component Mapping box. This box defines how image channels are identified from fhe actual
eamponents in the codestream. Its structure is specified in clause 1.5.3.5 in Rec. ITU{T T.800 |
ISO/IEC 15444-1 of the JP2 file format.

roid: ROI Description box. This box describes regions of interest within this codestream. These ROIs may
or may not be direcily associated with coded ROIs in the codestream. Tis 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(24)_Fj1.14
Figure M.14 — Organization of the contents of a Compositing Layer Header box

abel:  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 specification (represepted by a
sequence of colour specification boxes) for this compositing layer.\lts structure is specified in clause
M.11.7.1. If neither this box nor a cross-reference to another Colour Group box are found ithin the
Compositing Layer Header box, then the default value of the colourspace specificatiop for this
compositing layer shall be the set of individual Colour.Specification boxes found within the JP2
Header box. These Colour Specification boxes shall nottbe encapsulated within a Colour Group box.

ppct: Opacity box. This box specifies that this compositing layer uses a simple opacity mode. It$ structure
is specified in clause M.11.7.6. If the Compositing’Layer Header box contains an Opacity|box, then
it shall not contain a Channel Definition hex,“and any default Channel Definition box |n the JP2
Header box shall be ignored for this compasiting layer.

Cdef: Channel Definition box. This box definésithe channels in the image. Its structure is specified in clause
1.5.3.6 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file format. This box shall not e found if
this Compositing Layer Header bax contains an Opacity box.

Ccreg: Codestream Registration box.\This box specifies the spatial registration between the codegtreams in
this compositing layer. Its.stoucture is specified in clause M.11.7.7. If any Compositing Layer Header
box contains a Codestream Registration box, then every Compositing Layer Header box shall contain
a Codestream Registration box.

res: Resolution box.. This box specifies the capture and default display resolutions of the {mage. Its
structure is specified in clause 1.5.3.7 in Rec. ITU-T T.800 | ISO/IEC 15444-1 of the JP2 file format.

pxfm:  Pixel Format Box. This box defines the interpretation of the values in a channel as eith¢r integer,
floating“point or fixed point values. In the absence of this optional box, the bit patterng shall be
interpreted signed or unsigned integers whose bit depths are either defined by the Bits Per Component
BOx, or the Image Header Box, or the Palette Box. The Pixel Format Box extends the channel
description of the Channel Definition Box, the Image Header Box and the Bits Per Compgnent Box
(if present). The structure of the Pixel Format Box is specified in clause clause M.11.7.8.

r 3 [erences to
other boxes. If the Composmng Layer Header contalns a cross- reference then the box pointed to by the cross-reference
shall be considered as if it was physically stored in this Compositing Layer Header box.

Also, if any of these boxes are contained within the JP2 header box and are not contained within this Compositing Layer
Header box, then those boxes should also be applied to this compositing layer.

M.11.7.1 Colour Group box (superbox)

A Colour group box contains a set of related, equivalent, colour specification methods. When interpreting the colourspace
of a codestream, any colour specification method contained within the specified Colour Group box may be used. This
box shall be found only within a Compositing Layer Header box. This encapsulation reduces the storage overhead of
sharing an entire set of colour specifications between layers.

A Colour Group box (or the JP2 Header box) shall not contain multiple Colour Specifications boxes with a METH value
of 1 (Enumerated method), or multiple boxes with a METH value of 2 (Restricted ICC method). A single colour group
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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
Figure M.15):

CLR CLRS)

T.801(21)_FM.15
Figure M.15 — Organization of the contents of a Colour Group bex

CLR:  Colour Specification Box. This Colour Specification box specifies~one method by {vhich the
colourspace of a particular codestream can be interpreted. The format/of the Colour Specifi¢ation box
is specified in clause M.11.7.2

M.11.7.2 [Colour Specification box

Each Colpur Specification box defines one method by which an application can interpret the colourspgce of the
decompregsed image data. This colour specification is to be applied.te’the channel values interpreted according to the
Pixel Format Box (see clause M.11.7.8) and associated to coleurs/according to the Channel Definition|Box (see
clause M.[L1.7.5). This association is to be interpreted using the alue MAX' for each colour channel i, as| given by
Table M.26, in combination with the relevant colourspace definition.

In Table 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 T.800
| ISO/IEQ 15444-1) if channel i is the output of a palette*column j, or the value of the Bits Per Component Bqx BPCI if
channel ifis the direct output of component j, or, the-value of the BPC field of the Image Header Box if n¢ Bits Per
Componept Box is present. The pixel format F' in this table is either the format indicated in the Pixel Forma{ Box (see
clause M.[L1.7.8) if it is present, or shall be signed or unsigned integer in the absence of the Pixel Format Box.

If the coldurspace is defined by an ICC profile, the input channels should carry unsigned values; usage of signed samples
is discourpged and currently not defined by the ICC. The values X' for channel i, interpreted according to the Pixel Format
Box, shal| be mapped to device colour values d', as follows.

d = Dmax' - X'/ MAX',

Here, Dmfax' is the maximum input value associated with the relevant ICC tone reproduction curve and MAX' depends
on the pixXel format(F"as given by Table M.24bis.

For enumerated ¢olourspaces for which the format of the EP field is specified, the mapping from channel values X' to
device colour/values d' is defined in the corresponding definition of the EP field, see clause M.11.7.4.

NOTET—Cu y, only ] 1] 1 i the Colour
Specification box.

For all other colourspaces, if the values x' for channel i, are unsigned quantities, they shall be mapped to colour values d'
according to

d' = Dmin' + (Dmax' — Dmin’) - x'/ MAX,
for the purpose of establishing a correct interpretation with respect to the colourspace. Here, Dmin' and Dmax' are the
minimum and maximum allowed values for the relevant colour channel, in the numerical framework used to define the

colourspace. If, however, the values x' for channel i, are signed quantities, they shall be mapped to colour values d
according to

d' = Dzero' + (Dmax' — Dzero') - x'/ MAX],
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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.

Colour Specification boxes may be found in either the JP2 Header box or in Colour Group boxes. In total, a JPX file may

contain multiple Colour Specification boxes, and either the JP2 Header box or a particular Colour Group box m

ay contain

multiple ¢

The box ty
to clarify
described

pe and binary structure of a Colour Specification box is identical to that defined in the JP2 file fermat.
the extensibility of the box with respect to defining new colour specification methods, the-way in {
is changed within JPX. The contents of a Colour Specification box is as follows (see Figure’M.16):

>
E ) O
o | 2| & [METHDAT
b= o [
<
T.801(21)_FM.16

Figure M.16 — Organization of the contents of a Celour Specification box
IMETH: Specification method. This field specifies the method used by this Colour Specification bo

the colourspace of the decompressed image. This field is encoded as a 1-byte unsigned in
legal values of the METH field are as shownin Table M.22.

Table M.22 Legal METH values

Colour Specification boxes. However, all JPX files shall contain at least one Colour Specification boX.

However,
vhich it is

to define
eger. The

Value

Meaning

Enumerated method. This Colour Specification box indicates that the colourspace of the codestream is speci
enumerated integer code. The definition of the format of this method is identical to the Enumerated Methd
However, the JPX file format defines additional enumerated values as specified in clause M.11.7.3.1, 4
additional parameters for some‘enumerated colourspaces as specified in clause M.11.7 4.

ied by an
d in JP2.
5 well as

Restricted ICC method. This Colour Specification box indicates that the colourspace of the codestream is sp
an embedded ICC profile.of restricted type. The definition of and format of this method is identical to the |
ICC method definedinthe JP2 file format, clause 1.5.3.3 in Rec. ITU-T T.800 | ISO/IEC 15444-1.

beified by
Restricted

embedded input\ CC profile. Contrary to the Restricted ICC method defined in the JP2 file format, this meth
for any inputI€C profile, defined by 1ISO/IEC 15076-1. The binary format of the METHDAT field is specified
M.11.7.82,

Any ICC method. This Colour Specification box indicates that the colourspace of the codestream is specified by an

bd allows
in clause

Vendor‘Colour method. This Colour Specification box indicates that the colourspace of the codestream is sp
aunique vendor defined code. The binary format of the METHDAT field is specified in clause M.11.7.3.3.

bcified by

btream is

Rarameterized colourspace. This Colour Specification box indicates that the colourspace of the code

parameterized as specified in Rec. ITU-T H.273 | ISO/IEC 23001-8. The binary format of the METHDA
specified in clause M.11.7.3.4.

field is

applications shall not expect that the APPROX field be the last field in the box if the value of the METH fi
understood. In this case, a conforming reader shall ignore the entire Colour Specification box.

All other values reserved. For any value of the METH field, the length of the METHDAT field may not be 0, and

eld is not

176

PREC: Precedence. This field specifies the precedence of this Colour Specification box, with
the other Colour Specification boxes within the same Colour Group box, or the JP2 H

respect to
eader box

if this Colour Specification box is in the JP2 Header box. It is suggested, but not required, that
conforming readers use the colour specification method that is supported with the highest

precedence. This field is specified as a signed 1-byte integer.

APPROX:  Colourspace approximation. This field specifies the extent to which this colour specification
method approximates the "correct” definition of the colourspace. An example of approximation
of a colourspace specification may be increased quantization in look-up tables or rounding in
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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 in either a Colour Group box or the JP2
Header box actually represent different colourspaces; the specification of multiple different

totourspaces withimasingte Cotour Group box s ittegat:

Table M.23 — Legal APPROX values

Value Meaning
1 This colour specification method accurately represents the correct definition of the colqurspace
2 This colour specification method approximates the correct definition of the colourspace with exceptional puality
3 This colour specification method approximates the correct definition of the colourspace with reasonable quality
4 This colour specification method approximates the correct definition of the,colourspace with poor quality]
All other values reserved
The Format of the contents of the Colour Specification box is given in_Table M.24.

Table M.24 — Format of the contents of the Colour Specification box

Field name Size(bits) Value
METH 8 1-4
PREC 8 -128-127

APPROX 8 1-4

METHDAT Variable Variable

Table M.24bis — Nominal maximum sample values

Pixel Format F' and MAX!
Channel Sigpedness
unsignedy.integer 2BPCHL
(BPC'< 128)
signed, integer 2BPC-128 1
(BPC > 128)
unsigned, fixed point 1.0
(BPC'<128)
signed, fixed point 1.0
(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)
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the |

NOTE 2 — Fixed point values can be interpreted as integer values after scaling by 29, where the value of Qi is given by

by an integer value of 29,

ow 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

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.

The conte

1 METHDAT values for the Enumerated method

nts of the METHDAT field for Colour Specification boxes using the Enumerated method is defined as follows

(see Figure M.17):

EP
EnumCS

T.801(21)_FM.17

Figure M.17 — Organization of the contents of the METHDAT field for the Enumerated method

EnumcCS: Enumerated colourspace. This field specifies the colourspace of the/image using an integer code.
To correctly interpret the colour of an image using an enumerated.colourspace, the application
has to know the definition of that colourspace internally. This(field contains a 4-byte Ipig endian
unsigned integer value indicating the colourspace of the image. Valid EnumCS valueg are those
values defined for the Enumerated method in the JP2 file format and the values defined ps follows
(Table M.25).

Table M.25 — Additional legal EnumCS values

Valusg

Meahing

Bi-level: This value shall be used to indicate bi-levelNimages. Each image sample is one bit: 0 = white, 1 F black.

YCyC,(1): This is a format often used for datathat originated from a video signal. The colourspace is baged on
Rec. ITU-R BT.709-4. The valid ranges of the*Y C,,C, components in this space is limited to less than the ffull
range that could be represented given an-8:bit representation. Rec. ITU-R BT.601-5 specifies these range$ as well
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 colourspace 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 gonvert
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 specifiessa 3 x 3 matrix transformation that can be used to convert these samples into RGB.

YCyC,(3): This.is)a format often used for data that originated from a video signal. The colourspace is baged on
Rec. ITU-R BT,601-5. The valid ranges of the YC,,C, components in this space is limited to less than the ffull
range that could be represented given an 8-bit representation. Rec. ITU-R BT.601-5 specifies these range$ as well
as defines'a'3 x 3 matrix transformation that can be used to convert these samples into RGB.

PhotoYCC: This is the colour encoding method used in the Photo CD™ system. The colourspace is basqd on
ReC. ITU-R BT.709 reference primaries. Rec. ITU-R BT.709 linear RGB image signals are transformed tp non-
linear R'G'B' values to YCC corresponding to Rec. ITU-R BT.601-5. Details of this encoding method can| be found
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.

11

CMY:: The encoded data consists of samples of Cyan, Magenta and Yellow samples, directly suitable for printing
on typical CMY devices. A value of 0 shall indicate 0% ink coverages, whereas a value of 2BPS—1 shall 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,
black.

0=

18

sYCC as defined by IEC 61966-2-1, Amd.1.

codestreams.

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

19

Enumerated parameters are specified in the EP field as specified in clause M.11.7.4.2.

CIEJab: As defined by CIE Colour Appearance Model 97s, CIE Publication 131. For this colourspace, additional

20

RCPR: Ao ﬁ.-. A by, DINAA Z7007
oM OO S UCTHICU Oy T v 1007~

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)

for production and international program exchange specified by Rec. ITU-R BT.709-3. The Recommend
specifies the colour space conversion matrix from RGB to YPbPr(1125/60) and the range of values of ead
component. The matrix is different from the 1250/50 system. In the 8-bit/component casejthe range of v3
each component is [1, 254], the black level of Y is 16, the achromatic level of Pb/Prds 128, the nominal p
is 235, and the nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these/valdes are defined in a
manner.

ystem
tion

h
lues of
eak of Y
similar

23

YPbPr(1250/50): This is the well-known colour space and value definitionsférthe HDTV (1250/50/2:1)
for production and international program exchange specified by Rec. ITU*R BT.709-3. The Recommend3
specifies the colour space conversion matrix from RGB to YPbPr(1250/50) and the range of values of ead
component. The matrix is different from the 1125/60 system. In the 8*bit/component case, the range of v3
each component is [1, 254], the black level of Y is 16, the achromatic level of Pb/Pr is 128, the nominal p|
is 235, and the nominal extremes of Pb/Pr are 16 and 240. In the 10-bit case, these values are defined in a
manner.

ystem
tion

h
lues of
pak of Y
similar

24

e-sYCC: e-sSRGB based YCC colourspace as definedby PIMA 7667:2001, Annex B.

25

ScRGB as defined by IEC 61966-2-2.

26

scRGB gray scale, using only a luminance chahnel but the tone reproduction curves (non-linearities) def
IEC 61966-2-2.

ned by

All other values reserved.

The generic RGB and grayscale spaces from the SPIFF file format are explicitly not
Applications wishing tatranscode SPIFF images using colourspaces 8 and 10 should spec
the JPX file, the colourspace definition that a reader shall use to unambiguously interpret
data. In many cases, this will be the SRGB or SRGB-greyscale spaces from JP2. In additid
writer should.set the UnkC field in the Image Header box indicating that the actual coloursy
known.

EP: Enumerated parameters. This field contains a series of parameters that augment t
colourspace definition specified by EnumCS. Together, the EnumCS and EP fields de
calourspace and how that colour data has been encoded in the JPX file. For example, t
colourspace as described by Rec. ITU-T T.42 requires several parameters to describg
encoding of the colour data. The format and value of the EP field is defined individuall

EnumCsS as required. If a value of EP is not defined for a particular value of EnumcCS, then
Or the EF TIeld TOrI Tha Nury value Shall De Zero, Imdicating tnat the nurr vdlue alore
the colourspace or default values are used as defined by the referenced colourspace defin

included.
Y, within
he image
n, the file
bace is not

generic
scribe the
CIELab
the ITU
for each
he length
describes
ition. 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
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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, specifying the

M.11.7.3,

The contg
follows (3

Table M.27 — Format of the contents of the METHDAT field for the Any ICC method

trancfarmatiaon hatwaan tha dacamnrascad codevalues and the PCS Anmvcinout 1CC nrofile fegard'ess
HaRSHoHRaHeR-BetweeRthe-aecorpH 606G YaHeSaRatRe+ YRR proHHte;

of profile class, may be contained within this field.

Field name Size (bits) Value

PROFILE Variable Variahlé

3 METHDAT values for the Vendor Colour method

nts of the METHDAT field for Colour Specification boxes using the Wendor Colour method is defined as
ee Figure M.19):

RS

VCLR

VCLR:

\VP:

gure M.19 — Organization of the contents of:.the METHDAT field for the Vendor Colour method

T.801(21)_FM.19

Vendor Defined Code. This fieldSpecifies the colourspace of the image using a UUID. Tq correctly
interpret the colour of an image using a Vendor defined colourspace, the application has tg know the
definition of that colourspace internally. This field contains a 16-byte UUID indigating the
colourspace of the image- These values are defined and shared by individual vendors and gre outside
the scope of this Reeommendation | International Standard.

Vendor parameters. This field specifies a series of parameters that augment the generic cglourspace
definition specified by VCLR. Together, the VCLR and VP fields unambiguously debcribe the
colourspace,) The format and value of the VP field is defined individually for each VCLR value as
required._If a value of VP is not defined for a particular value of VCLR, then the length pf the VP
field:-for that VCLR value shall be zero, indicating that the VCLR value alone unambiguously
describes the colourspace, or default values are used as defined by the referenced cqlourspace
definition. The format and values of the VP field are defined by each individual vendor cqlourspace
definition, and are outside of the scope of this Recommendation | International Standard. [However,
the VP field shall be the last field in the Colour Specification box and shall be all bytes [n the box

———Ffollowingthe MCLER fieldtotheepdofthe box—Mm —m

Table M.28 — Format of the contents of the METHDAT field for the Vendor Colour method

Field name Size (bits) Value
VCLR 128 Variable
VP Variable Variable

M.11.7.3.4 METHDAT values for the Parameterized method

The contents of the METHDAT field for Colour Specification boxes using the Parameterized method is defined as follows

(see Figure M.19bis and Table M.28bis):
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COLPRIMS

TRANSFC

MATCOEFFS
VIDFRNG
VIDFRNG_RSVD

T.801(21)_FM.19bis

Figure M.19bis — Organization of the METHDAT field for the Parameterized method

Table M.28bis — Format of the METHDAT field for the Parameterized method

of the EP

Field name Size (bits) Value

QOLPRIMS 16 One of the ColourPrimaries enumerated values specified-in Re[.
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 |n
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 enumerated values specified in Ref.
ITU-T H.273 | ISO/IEC 23001-8. This field is encoded as a big-
endian unsigned integer.

MIDFRNG 1 Value of the VideoFullRangeRlag ‘specified in Rec. ITU-T H.213
| ISO/IEC 23001-8. This field“is the most-significant bit of the last
byte of METHDAT.

IDFRNG _RSVD 7 Reserved for future useby ITU-T | ISO/IEC. This field are the|7
least-significant bits'ef 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 fethod. If
an EP field is not defined for a particular value of the EnumCS field, then the length of the EP field shall be zefo.
M.11.7.40 EP field format for the CIELab colou¥space

If the valye of EnumCS is 14, specifying that:the layer is encoded in the CIELab colourspace, then the format

field shall be as follows (see Figure M.20):

R]

OL

OA RB OB

L

The RL, G
Rec. ITU

T8

Figure M-20-— Organization of the contents of the EP field for the CIELab (EnumCS = 14)

L, RATOA, RB and OB fields describe how to convert between the unsigned values Ny, Na, Np, as (
T .42, that are sent to the compressor or received from the decompressor and the signed CIELab

a*, b* as

1(21)_FM.20

efined by
alues L*,

defired by the CIE. The calculations from real values L*a*b* to values encoded in an integer, fixe|

d point or

floating point format, which are expressed by Ni N;Np, are made as follows:

NL—

N, =

Np

CMAX, 2“092 MAX |

_ MAX,

5(BPC AND OX7F)+1 xOL
. olloga MAX 4 |
a+ 5(BPC, AND OX7F)+1 xOA
MAX . ollog MAX, |
= b OB

+ 5(BPCy, AND OX7F)+1 x

(M-18)

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, t
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.

he Palette

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.
Range for b*, This field speci
endian unsigned integer.
OB: Offset for b*. This field specifies the OB value from Equation M-18. It is encoded.as’a
endian unsigned integer

IL: Iluminant. This field specifies the illuminant data used in calculating the CIELab values.
specify the XYZ values of the normalizing illuminant, which are used in\calculating ClI
specification of the illuminant data follows Rec. ITU-T T.4 Annex E. Thejilluminant data

R

4 bytes, identifying the illuminant. In the case of a standard illuminant, the 4 bytes are
following:
Table M.29 — Standard illuminant values for€C1ELab
IHluminant Standard IL field value

CIE Hluminant D50 0x0044 3530

CIE Hluminant D65 0x0044 3635

CIE Hluminant D75 0x0044 3735

CIE Illuminant SA 0x0000 5341

CIE Hluminant SC 0x0000 5343

CIE Hluminant F2 0x0000 4632

CIE Iluminant F7 0x0000 4637

CIE lluminant, F1.I 0x0046 3131

When the illuminant is'specified by a colour temperature, then the 4 bytes consist of the s
followed by two unsigned bytes representing the temperature of the illuminant in degrees K
2-byte big endian unsigned integer. For example, a 7500K illuminant is represented by t
0x4354 1DAC.

When the|EP fields are omitted for the CIELab colourspace, then the following default values shall be used. T}

-byte big

ather than
Lab, the
onsists of

bne of the

ring 'CT',
elvin as a
e 4 bytes

he default

L*, a* angl b* range parameters RL, RA and RB are 100, 170 and 200. The default L*, a* and b* offset values xepend on

the contents of the Rixel Format box, if present, and are specified in Table M.33. If the Pixel Format Box is n

t present,

the table gntries-far signed or unsigned integer representations shall be used, depending on whether the channe] is signed
or unsigngd:
Table M.29bis — Default Offset Values and Encoding of Offsets for the CIELab Colourspace
Pixel Format F' and
Channel Signedness oL OA 0B
unsigned, integer BPCi BPCi—149BPCi—2
(BPCi < 128) 0 2 e
signed, integer
(BPC'> 128) 0 0 0
unsigned, fixed point BRCi BPCi__1. 9BPCI_2
(BPC' < 128) 0 2 e
signed, fixed point
(BPCi> 128) 0 0 0
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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
(BPC' < 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.

0 0 0

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 different than the
defaults given here. If the values specified in the CIELab encoding in the ICC Profile Format Specification, ICC.1:2001-11, are
used, then they would have to be explicitly given in the EP fields.

Table M.30 — Format of the contents of the EP field for CIELab (EnumCS = 14)

Field name Size (bits) Value
RL 32 0-(232-1)
oL 32 0-(232-1)
RA 32 0-(232-1)
OA 32 0-(2%2-1)
RB 32 0-(232-1)
OB 32 0-(232-1)
IL 32 Variable

M.11.7.4PEP field format for the CIEJab colourspace

If the valye of EnumCS is 19, specifying that the layer is encodeéd in the CIEJab colourspace, then the format|of the EP
field shalll be as follows (see Figure M.21):

RJ 0J RA OA RB OB
T.801(21)_FM.2

Figure M.21 — Organization-of the contents of the EP field for the CIEJab (EnumCS = 19)

These fields describe how to convert between the unsigned values Nj, Na, Ny, as defined by CIE Publication Ng. 131, that
are sent tq the compressor or received from the decompressor and the signed CIEJab values J, a, b as defined by the CIE.
According to CIE Publication-No. 131, the calculations from real values Jab to integer, fixed point or flogting point
format, which are expressed-by N;NaNp, are made as follows:

MAX [log, MAX j ]
Nj = SRR P x 0J
RJ o(BPC ; AND 0x7F)+1
MAX ollogs MAX 4 |
Ny =—— " xat e xOA (M-19)
RA {BPETAND Xt
MAX ollogz MAX, |
Ny = b xb+ x OB
RB 2(BPCp, AND OX7F)+1

where MAX;, MAX, and MAX;, are the nominal maximum sample values according to Table M.24bis for the channels
carrying the J, a" and b”" data and 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.

When the EP fields are omitted for the CIEJab colourspace, then the following default values shall be used. The default J,
aand b range parameters RJ, RA and RB are 100, 255 and 255. The default J, a and b offset values depend on the contents
of the Pixel Format box, if present, and are indicated in Table M.30bis. If the Pixel Format Box is not present), the table
entries fof signed or unsigned integer representations shall be used, depending on whether the channél is [signed or
unsigned:

Table M.30bis — Default Offset VValues and Encoding of Offsets for the CIEJabiCalourspace

Pixel Format F' and
Channel Signedness o) OA OB
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

NOTE|- The relation between the number of bits in‘channel i is given by (BPCi AND 0x7f)+1, thus a value of 28PC jndicates an
offset ¢f half the available range for channel i. “AND" denotes here the bitwise binary AND operation of the two opprands, see
also the definition of the Ssiz' parameter in RecITU-T 800 | ISO/IEC 15444-1.

The format of the contents of the EP field:for CIEJab (EnumCS = 19) is given in Table M.31.

Table M.31 «fFormat of the contents of the EP field for CIEJab (EnumCS = 19)

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-(2%=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

Class of
colourspace

Colour indicated by the following value of the Asoc! field

2

3

4

RGB

G

B

Greyscale

XYZ
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Luv
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Opacity box

other locations in the file.

palettized] images with respect to lossy compression. In~€ither case, differences between the original ima
decompregsed images reflect errors in a space that does*not directly map to visual perception, and thus sho
coded or flecompressed in a lossy mode. Howeverfor chroma-key values, in contrast to a fully palettized c(
only the samples of the image that are of the chroma-key value have to be encoded and decoded losslessly. Joi
encoding pf the chroma-keyed region and lossy.coding of the remaining image region can be achieved using a R

Chroma-Keyed opacity is a form of paletization and as such images using chroma-keyed opacity obey similar r%eles to full

the codes
NOTE

ream.

— The Opacity box is intended for.use with lossless coding.

ity box provides a minimal-overhead mechanism for specifying opacity through a chroma-key or
icular compositing layer contains only colour channels followed by'aSingle opacity channel. If a Co
der box contains an Opacity box, then it shall not contain a Channel Definition box. Compositing
channel definition more complex than can be defined using.an{Opacity box shall use a Channel Defir
positing Layer Header box shall contain zero or one Opacity boxes, and Opacity boxes shall be fg

:2021 (E)

pecifying
mpositing
ayers that
ition box.
und in no

and the
Id not be
mponent,
ht lossless
Ol within

The type ¢f the Opacity box shall be'opct’ (0x6F70 6374). The contents of this box shall be as follows (see Figire M.22):

Figure M.22 — Organization of the contents of an Opacity box

Otyp
NCH

=
o

CVI\CH 1

T.801(21)_FM.22

Otyp:

Opacity type. This field specifies the type of opacity used by this compositing layer. This field is
encoded as a 1-byte unsigned integer. Legal values of the Otyp field are as follows:

© ISO/IEC 2021 - All rights reserved
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Table M.33 — Otyp field values

Value

Meaning

The last channel in this compositing layer is an opacity channel and all other channels are colour channels where
the channel association is equal to the channel number +1. For example, a four-channel compositing layer would
contain 3 colour channels (with associations 1, 2 and 3 respectively) followed by an opacity channel. If the value of
Otyp is 0, then the NCH, PR and CV/ fields shall not be found.

The last channel in this compositing layer is a premultiplied opacity channel and all other channels are colour
channels where the channel association is equal to the channel number +1. For example, a four-channel compositing
layer would contain 3 colour channels (with associations 1, 2 and 3 respectively) followed by a premultiplied opacity
channel. If the value of Otyp is 0, then the NCH, PR and CV' fields shall not be found.

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.

AITOer values reserved.

CVi:

The format of the contents of the Opacity box is given in Table M.34.

M.11.7.7 [Codestream Registration box

When combini

NCH:

Number of channels. This field specifies the number of channels used to specify the cljroma-key
colour. This value shall be equal to the number of channels in the compositing layer. This field is
specified as a 1-byte unsigned integer.

Chroma-key value. This field specifies the value of channel i for the chromatkey colour. Saples that
match the chroma-key value for all channels shall be considered fully«ransparent. The s|ze of this
field is specified by the bit depth of the corresponding channel. If the value is not a multiplelof 8, then
each CV! value shall be padded to a multiple of 8 bits with bits,equal to the sign bit and [the actual
value shall be stored in the low-order bits of the padded value. Eor.€xample, if the depth offa channel
is a signed 10-bit value, then the CV' value shall be stored i the low 10 bits of a 16-bit figld and the
high-order 6 bits shall be all equal to the sign bit of the valte in this CV/i field.

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

ng multiple codestreams to create a single compositing layer, it is important that the reference grids of

those codestreams be properly,\registered to ensure the registration of the individual samples from thq multiple
components. This box specifies how those codestreams shall be registered when rendering the layer. A Compositing
Layer Hegder box shall contain zero or one Codestream Registration boxes, and Codestream Registration boxgs shall be
found in po other logations in the file; a Codestream Registration box shall not be placed into the JP2 Header box to
specify a flefault registration. If any Compositing Layer Header box contains a Codestream Registration box, then every

Compositjng L,
not contajn a
codestre:Jn.

ayerHeader box shall contain a Codestream Registration box. If this Compositing Layer Headef box does
Codestream Registration box, then the compositing layer shall be represented by one and|only one

If codestream registration is not specified for a particular compositing layer, then the codestreams in that compositing
layer shall be aligned by directly aligning their reference grids at both (0,0) and (1,1).

If a Codestream Registration box exists, then the default display resolution (specified within a Resolution box with the
same Compositing Layer Header box) applies to the compositing layer registration grid.

This registration is specified with respect to an independent compositing layer registration grid.
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The type of the Codestream Registration box shall be ‘creg' (0x6372 6567). The contents of this box shall be as follows

(see Figur

e M.23):

xs | vs | coN' | E|El2]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
scaling factors RX' and RY' of the ith codestream in x and y:

RX'= XR'/ XS

RY'=YR/YS

and the offfsets OX' and OY' of the ith codestream in x and y:

OX'=XQ'/ XS

oY'=YQ'/ YS

on the compositing layer registration grid. The overall area of the registration grid is defined to be the intersection of the
areas covpred by the scaled and offset component codestreams grown out as required to the nearest whole integer
registratign grid point. The requirement that XO' < XS and YO' < YS ensures that this intersected area alwayg includes
the origin|(0,0) of the compositing layer registration grid.

If a Codegtream Registration box exists, then the default display resolution: (specified within a Resolution bok with the
same Compositing Layer Header box) applies to the compositing layer ‘after all components have been regcaled and
registered

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 2-byte
unsigned integer.

Y'S: Vertical grid size. This field defines the 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 measure the
distance between the reference*grids of the individual codestreams. This field is encoded as a 2-byte
unsigned integer.

CDNi:  Codestream number.-This field specifies the number of the codestream for this registration|value.

XRI: Horizontal resolution. This field specifies the horizontal distance between points on the refeyence grid
of the codestream specified by the CDN' parameter, measured in the number of fractionall points on
the compasiting 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 field is
enceded as a 1-byte unsigned integer.

YRI: Vertical resolution. This field specifies the vertical distance between points on the reference grid of
the codestream specified by the CDN' parameter, measured in the number of fractional points on the
compositing layer registration grid. This field effectively specifies the vertical scaling peeded to
match the codestream’s reference grid with the compositing layer registration grid. Thjs field is
BNCOUed a5 a 1-Dyte UNSigned iMeger.

XO': Horizontal offset. This field specifies the horizontal distance (to the right) from the origin of the
compositing layer registration grid to the centre of the top left point on the reference 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.

YOI 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.11.7.8

Pixel Format box

This box glefines how samples represented in a channel are interpreted as numerical values representing colour
to a coloufspace. If this box is absent, the default interpretation of the corresponding codestream is used. Farco
following|Rec. ITU-T T.800 | ISO/IEC 15444-1 (JPEG 2000), the reconstructed samples form signed-or unsigne

whose bi
Rec. ITU
absence 0

In the prg
format to
two's com
NOTE
require
that is,
conver
efficie

There shal

The type

depth is given by the Palette Mapping Box, Bits Per Component Box or Imagel/Header
T T.832 | ISO/IEC 29199-2 (JPEG XR), the codestream reconstructs abstract bit patterns which
f this box, interpreted to encode numbers in the binary two's complement.

sence of this box, a two-stage conversion process converts the reconstructed sample values from
one of the specified target formats: In the first stage, reconstructed integer,Samples are represented
plement form. In the second stage, these bit patterns are re-interpreted according to the contents of tf

according
festreams
d integers
Box. For
re, in the

its source
in binary
is box.

— In typical computer hardware, integers are already represented in the twg's.eomplement notation. The first g
5 no operation. The second stage is usually nothing more than a C-style /'reinterpretation cast" to the target rep

t compression of the data, e.g., the two's complement to sign-magnitude conversion by an appropriate NLT ma
I be at most one Pixel Format Box per JP2 Header Box\(if present) or per Compositing Layer Box.
bf this box shall be 'pxfm' (0x7078 666d). The format of this box shall be as follows (see Figure M.2

T.801(21)_FM.23bis
FigareM.23bis — Layout of the Pixel Format Box

N:  Number of channel$: This field specifies the number of channels whose pixel format is specif
box. This number shall be identical to the number of channels defined in the Channel Definit

unsignedsinteger.

Cn?: Charmel index. This field specifies the index of the channel whose pixel format is specified. Th
this-field represents the index of the channel as defined within the Component Mapping box or
component from the codestream if the file does not contain a Component Mapping box. Th

tage hence
esentation;

all this box defines is to which target data type the sample values are™'casted" before using them as input fpr a colour
Kion or sample interpretation. Other means in the codestream should be provided to ensure that this re-interpretation allows

ker.

Bbis):

ed in this
on Box if

present, or,identical to the number of components in the codestream. It is encoded as a two-byte big endian

e value of
the actual
is field is

éncoded as a 2-byte big endian unsigned integer.

188

FO: Pixel Format. This field specifies the encoding of the pixel value as a bit pattern. For examp
pattern reconstructed by the codestream could be interpreted as signed or unsigned integer, as a f
value or as a floating point number. These numbers are then interpreted as colour intensities re

le, the bit
ixed point
lative 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.

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


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

ISO/IEC 15444-2:2021 (E)

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
Definition Box of the channel representing the mantissa.

0010 0000 0000 0000

The bit pattern of the channel is to be interpreted as a signed or unsigned integer representing

an exponent of a ffoating point number. The mantissa of this number is described byJa channel
associated to the same colour or all of the image.

The Typ' value of an exponent channel in the Channel Definition Box shall.be‘ignofed.

0011 £f£f£ff ffff ffff

The bit pattern of the channel is to be interpreted as fixed point numberwith f fracfional bits
(i.e., bits to the right of the binary point), or equivalently, a fixed point‘humber that is pre-
shifted by f bits. The number of integer bits is given as the differefnce’of the bit depths of the
corresponding source component minus the number of fractional hits. The fractional value is
reconstructed by dividing the integer value of the correspondingchannel by 27,

0100| mmmm mmmm mmmm

The bit pattern of the channel is to be interpreted as floating point number with ong sign bit,
exponent bits and m mantissa bits. The number of exponént bits is given by the bit|precision
of the component or palette entry used to define the channel, minus one, minus the qumber of
mantissa bits. The topmost bit of the bit pattern isithe sign bit, followed by the expgnent bits,
followed by the mantissa bits. The mantissa contains an implicit one bit that is not|encoded,
and the exponent is encoded as unsigned binaryinteger with a bias of size 2e-1-1, Where e is
the number of exponent bits. The reconstru€tion of the floating point number descrifjed by the
bit pattern is defined by I1SO/IEC/IEEE\60559.

all other values

Reserved for future use.

NOTE
channeg
defineg
colour,

consisting of four channels; the first three channels are.associated to the red, green and blue colour and have a pixel forl

0001 0
0000

For fix
examp
compo
1000.

Floatin
includg
intoall
floatin
format

— Pixel formats 0001 0000 0000 0000 and 0010 000 0000 QOO0 are special in the sense that they require the i

Is to reconstruct the sample value for one colour, where chiannels are matched corresponding to their association
by the Channel Definition Box. A mantissa associatédrto a specific colour matches an exponent associated t
or an exponent associated with all of the image — andl vice versa. This pixel format is most useful for the RGB

D00 0000 0000 (mantissa), the last channel is\associated to all of the image and has a pixel format of type 0010
Xponent).

ed point formats, the pixel format specifies only the number of fractional bits, the number of integer bits is in
e, the 2.13 fixed point format of JPEG-XR is encoded as a pixel format of 0011 0000 0000 1101 with signed
hents of 16 bits, the 7.24 fixed peint-format is represented with 32 bit components and a pixel format of type 0011

g point numbers follow ISO/IEC/IEEE 60559 encodings as much as possible, even though ISO/IEC/IEEE 605
extensions such as "halfsfloat" numbers. All these encodings share a sign bit s, exponent bits e and mantissa bi
it pattern from most significant to least significant in this order. The Table M.35ter shows the encoding of the mo
j point formats, Note that other formats are possible, and this table provides examples for commonly used floj
only:

Table M.35ter — Common floating point formats (informative)

put of two
alue Asoc!
b the same
E encoding
mat of type
0000 0000

pplicit. For
odestream
0000 0001

9 does not
s m packed
st common
pting point

Value Meaning

0100 0000 0001

0111

ISO/IEC/IEEE 60559 single precision (binary32) format. This format uses 23 mantissa bits, 8
exponent bits and one sign bit. The exponent encoding uses a bias of 127, normalized numbers
use exponents between —126 and 127, denormalized numbers have an exponent value of —127,
and NaNs and infinities an exponent value of 128. The corresponding components in the
codestream shall have a bit precision of 32 bits.

0100 0000 0011

0100

ISO/IEC/IEEE 60559 double precision (binary64) format. This format uses 52 mantissa bits,
11 exponent bits and one sign bit, the exponent bias is 1023.

0100 0000 0000

1010

ISO/IEC/IEEE 60559 half-float (binary16 or half precision) numbers. This format uses 10
mantissa bits, 5 exponent bits and one sign bit. The exponent bias is 15. Normalized numbers
use exponent values between —14 and 15, denormalized numbers have an exponent value of —
15. Infinities and NaNs are represented by the exponent value 16. This pixel format requires
a component of 16 bits precision.
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NOTE - 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.11.8 Contiguous Codestream box

In a JPX file, the Contiguous Codestream box contains an entire codestream as defined by the codestream syntax.
However, unlike the JP2 file format, the codestreams contained within a JPX file are not restricted to codestreams defined
by Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1. Codestreams contained within a JPX file may also use extensions
to the codestream syntax defined in Annex A of this Recommendation | International Standard.

Contiguous Codestream boxes shall be found only at the top level of the file; they shall not be found within a superbox.

M.11.9 Media Data box

The Media Data box contains fragments of the JPEG 2000 codestream or other media data, such as MPEG-4 audio data.
In any cape, there shall be other boxes in the file that specify the meaning of the data within the Medja Pata box.
Applicatipns should not access Media Data boxes directly, but instead use the fragment table to determiné)whpt parts of
which Mddia Data boxes represent a valid JPEG 2000 codestream or other media stream.

The type ¢f a Media Data box shall be 'mdat’' (0x6D64 6174). The contents of a Media Data box in,general are npt defined
by this Rgcommendation | International Standard.

M.11.10 [Composition box (superbox)

The Composition box specifies how the individual composition layers are combined.to create the rendered result. It
contains g set of global options, followed by a sequence of one or more sets of rendering instructions (each contained
within an|Instruction Set box). Each individual instruction is associated with a.¢omposition layer in the file apd defines
how that [composition layer shall be rendered: its location, scaling, composite’ operation, etc. A reader thaf supports
compositipn and animation shall display the file containing the Compositiop:box by executing the sequence of irfstructions
defined within the Composition box. Details on the composition and gnimation model are specified in clausg M.5.3. A
JPX file shall contain zero or one Composition boxes. If present, that box shall be found at the top level of thg JPX file;
it shall not be found within a superbox.

The type jof the Composition box shall be ‘comp’ (0x636F 6D70) and it shall have the following contents (§ee Figure
M.24):

iq ‘[O r n
copt. ¢ iset

T.801(21)_FM.24
Figure M.24= Organization of the contents of a Composition box

copt: Composition Options box. This box specifies parameters that apply to the composition or gnimation
as a whele. It is defined in clause M.11.10.1.

seti: Instruction Set box. This box contains a set of instructions for how to combine thg multiple
composition layers in the file. The entire set of Instruction Set boxes specify the entire composition
or animation, and are processed in the order they are found within the Composition|box. The
Composition Instruction box is defined in clause M.11.10.2.

£+l + + £ il o T L. H H H Taoll ML
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=4

The form

U

Table M.36 — Format of the contents of the Composition box

Parameter Size (bits) Value
copt Variable Variable
iset! Variable Variable

M.11.10.1  Composition Options box

The Composition Options box specifies parameters that apply to the composition or animation as a whole. The
Composition Options box shall be the first box in the Composition box and a Composition Options box shall not be found
in any other location in the file.
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The type of the Composition Options box shall be ‘copt' (0x636F 7074) and contents of the box shall have the following
format (see Figure M.25):

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 field is encoded as a 4-byte unsigned integer.
wAHBTH Renderedrestiwidth—Fhisfield-specifies the-widthinsamples-of the-finalrenderedesult. The
resolution of this value is optionally defined in the Default Display Resolution box. |n the JP2
Header box. This field is encoded as a 4-byte unsigned integer.
GREPT: Global Repetition. This field specifies the number of times to fully~repeat the display
instructions, after executing the display instructions the first time. For a GREPT valpe of zero
this means the entire set of instructions in the comp box is executedk'once. A vallie of 255
indicates that the reader should repeat the entire set of instructions.indefinitely. Pripr to each
execution of the instruction set, the display area shall be restored 1o its original stgte and all
instructions' composition layer association reset. Each leopexecution should bg¢ visually
equivalent to redisplaying the composition from scratch: This field is encoded ag a 1-byte
unsigned integer.
The format of the contents of the Composition Options box is given in Table M.37.
Table M.37 — Format of the contents of the Gomposition Options box
Parameter Size (bits) Value
HEIGHT 32 1-2%21
WIDTH 32 1-2%21
GREPT 8 0-255
M.11.10.2 Instruction Set box
An Instruction Set box contains a set_of\rendering instructions, each represented through a series of composition
D a repeat

count; thi$ repeating occurs before the'reéader continues on with the instructions found within the next Instructign Set box

parameterF. In addition, the entire set-of:instructions contained within this box may be repeated according t

found within the same superboxi.Instruction Set boxes shall be found only within either a Composition|box or a
Compositjng Layer Extensions box; they shall not be found in any other locations in the file.
The type ¢f the Instruction Set box shall be 'inst' (0x696E 7374) and contents of the box shall have the following format
(see Figune 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

in the file.

No instructions are present, and thus no instructions are defined for the compositing layers
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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
unsigned integer. A value of 65 535 indicates to repeat the instruction indefinitely.

TICK: Duration of timer tick. This field specifies the duration of a timer tick (used by the LIFE instruction
parameter) in milliseconds. This field is encoded as a 4-byte big endian unsigned integer. If the Ityp
field specifies that the LIFE instruction parameter is not used, then this field shall be)set to 0, and
shall be ignored by readers.

INST:  Instruction. This field specifies a series of instruction parameters for a single instruction. Tjhe format
of this field is specified in clause M.11.10.2.1.

The format of the contents of the Instruction Set box is given in Table M.39.
Table M.39 — Format of the contents of the Instruction<Set box
Parameter Size (bits) Value
Ityp 16 0-65 535
REPT 16 0-65 535
TICK 32 0-(232-1)
INST! Variable Variable
M.11.10.2.1 Instruction parameter
Figure Mf27 shows the contents of each individual INST field (a single compositing instruction) within an Instruction Set
box:
A A R I S R e T
| ! | ! | ! | ! PN ! | ! | ! | ! : ! i ! |
{ Xo[ ! YO | WIDTH!HEIGHT! |LIFE | NEXI- | XC | YC | wc | HC ! |ROT |
i i i i L USE | i i i i i
Persist T.801(21)_FM.27
Figure M.27 —©Organization of the contents of an INST field within an Instruction Set box
XO: Horizontal offset. This field specifies the horizontal location at which the top left cotner of the
compositing layer being acted on by this instruction shall be placed in the render area, in samples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a default
value of zero shall be used.
LASE Vertical offset. This field specifies the vertical location at which the top left corer of the
compositing layer being acted on by this instruction shall be placed in the render area, in samples.
This field is encoded as a 4-byte big endian unsigned integer. If this field is not present, a default
value of zero shall be used.

WIDTH: Width of the current compositing layer. This field specifies the width on the render area, in

192

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:  Height of the current compositing layer. This field specifies the height on the render area, in

display samples, into which to scale and render the compositing layer being acted on by this
instruction. This field is encoded as a 4-byte big endian unsigned integer. If this field is not
present, the height of the compositing layer shall be used.

PERSIST:  Persistence. This field specifies whether the samples rendered to the display as a result of the

execution of the current instruction shall persist on the display background or if the display
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ISO/IEC 15444-2:2021 (E)

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.

Number of instructions before reuse. This field specifies the number of instructions that shall be
executed before reusing the current compositing layer. This field allows readers to simply

XC:

YC:

WC:

HC:

ROT:

iSencoded as a 4-byte big endian integer; its encoding is specified in Table M.40bis.

OptimiZe their caching Strategy. A value of Zero implies that the current image shatt nog be reused
for any ensuing instructions, notwithstanding the execution of a global loop as a resulf of a non-
zero value of the GREPT parameter in the Composition Options box. A valueof orie ([l) implies
that the current compositing layer will be used with the next instruction 'and sq on. The
compositing layer passed on for reuse in this manner shall be the original'*Compositing layer,
prior to any cropping or scaling indicated by the current instruction._Ifithis field is ngt present,
the number of instructions shall be set to zero, indicating that the cuprent compositing |ayer shall
not be reused. This field is encoded as a 4-byte big endian unsigned-integer.

Horizontal crop offset. This field specifies the horizontal distance in samples to the Igft edge of
the desired portion of the current compositing layer. Thé deSired portion is cropped from the
compositing layer and subsequently rendered by the ‘current instruction. If this figld is not
present, the horizontal crop offset shall be set to 0, This field is encoded as a 4-byte lig endian
unsigned integer.

Vertical crop offset. This field specifies the-vertical distance in samples to the top efige of the
desired portion of the current compositingvlayer. The desired portion is cropped|from the
compositing layer and subsequently réndered by the current instruction. If this figld is not
present, the vertical crop offset shall:be set to 0. This field is encoded as a 4-byte bhig endian
unsigned integer.

Cropped width. This field specifies the horizontal size in samples of the desired portion of the
current compositing layer<Fhe desired portion is cropped from the compositing [layer and
subsequently rendered by, the current instruction. If this field is not present, the cropped width
shall be set to the width of the current compositing layer. This field is encoded as a fi-byte big
endian unsigned integer.

Cropped height.~This field specifies the vertical size in samples of the desired portjon of the
current compesiting 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 (e set to the height of the current compositing layer. This field is encoded as a 4-byte big
endian unsigned integer.

Rotation. This field specifies an optional rotation and mirroring that is to be applied gs last step
after cropping and before rescaling and rendering the image to the screen. If the ROT field is not
present or is zero, the image shall be rendered in an orientation according to the spegifications
of the corresponding codestream.

References to Ityp within the individual instruction parameters in Table M.40 refers to the Ityp field within the Instruction
Set box that contains this Instruction.
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Table M.40 — Format of the contents of the INST! parameter in the Instruction Set box

Parameter Size (bits) Value
X0 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XXX1
0 Not applicable otherwise
YO 32 0-(232-1); if Ityp contains XXXX XXXX XXXX XXX1
0 Not applicable otherwise
WIDTH 32 0-(232-1); if 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
e 21 a2 X L AYEET 3 TP N S RSV VIRVIVY NVIL IV
HH-E 3% 02—y P-eeRtatRSI000O000O00 DOk
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 ltyp contains Xxxx XXX X%1X XXXX
0 Not applicable otherwise
WC 32 0-(232-1); if Ityp contains XxXX XXXX XX1X XXXX
0 Not applicable 6therwise
HC 32 0-(232-1); if Ityp containg Xxxx XXxX XX1X XXXX
0 Not applicable otherwise
ROT 32 0-31, see Table M.47;.if 1Typ contains XXxx XxXxX X1xx
0 xxxx. Not applicable otherwise

Table M.40bis — Encodingof the ROT field

I\\ﬁl;es (llj_lé‘g Meaning
0000 0000 Orientation not-spécified, use the orientation defined in the codestream (if any).
000x 0001 Rotate by 0*clockwise
000x 0010 Rotate\hy 90° clockwise
000x 0011 Rotate-by 180° clockwise
000x 0100 Rotate by 270° clockwise
0001 xxxx Flip image left to right after rotation
all other values Reserved for future use

For rendefing an image.in the presence of an instruction set box, the following steps shall be applied:
»  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 paramgter is not
present, the image takes the orientation defined by the corresponding codestream.

»  Rescale the image to WIDTH and HEIGHT if these parameters are present.

» Render the top left edge of the resulting image at position XO,YO into the compositing surface, or at
position 0,0 if the XO and YO fields are not present.

M.11.11 Association box (superbox)

The Association box allows data in the file to be associated with other data in the file. The Association box is a superbox,
containing a sequence of two or more boxes. It creates independent semantic associations between the boxes it contains
or the entities represented by those boxes. In particular, associations are created between the first box (or entities
represented by it) (referred to as BF) and each of the other boxes (or represented entities) (referred to as B) in the
sequence. In the case where there are more than one 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 br7 associations
Association box /

‘ ROIT Description box }4-\?/

XML box

T.801(21)_FM.28

Figure M.28 — Example of ROI specific metadata associated with one or moreimages

Association box

| Number List box

| XML box

| XML box

T.801(21)_FM.29

Figure M.29 — Example of Multiple XML doctments associated with one or more images

Association box

| Label box

| XMDB.box

T.801(21)_FM.30

Rigure M.30 — Example of a Labelled XML document

Association box

| Number List box

| Label box

Tond/ods Cuang
LB~ = von e

Figure M.31 — Example of a labelled image
The Association box is optional, and there may be multiple Association boxes in the file. An Association box may be
found anywhere in the file except before the Reader Requirements box.

The type of an Association box shall be 'asoc' (0x6173 6F63). The contents of the Association box are defined as follows
(see Figure M.32):

<N

BF B,U B

T.801(21)_FM.32
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BF:
Bi:

Figure M.32 — Organization of the contents of an Association box

First box. This is the box to which all other boxes within this Association box are associated.

Box to be associated. This may be any box other than those that are restricted to occurring at particular
locations within the file. This box shall be associated with the box BF.

The format of the contents of the Association box is given in Table M.41.

Table M.41 — Format of the contents of the Association box

Parameter Size (bits) Value
BF Variable Variable
Bi Variable Variable

M.11.12

The Num
box stand

Number List box

5 for the listed entities.

ber List box contains a list of numbers designating entities in the file. Within an Association)beX, a NU

mber List

The type pf a Number List box shall be 'nlst' (OX6E6C 7374). The contents of the Number,List Box shall be s follows
(see Figune M.33):

AN AN"
T.80#+2%_FM.33

Figure M.33 — Organization of the contents of a Number List box

ANI: Associate Number. This field specifies the number of an entity with which the data contaied within
the same Association box is associated, This value is stored as a 4-byte big endian unsignéd integer,
where the high order byte specifies the-fype of entity with which the data is associated, and the three
low order bytes specify the number,of that entity. Legal values of this field are given in Taple M.42.

Table M.42 — AN field values

Value Meaning

0x0000]/ 0000 The rendered result.

0x01XX| XXXX The fow three order bytes (of value i) specify Codestream i in the JPX file.
0x02XX| XXXX The lower three order bytes (of value i) specify Compositing Layer i in the JPX file.
All other values reserved.

The format of the gontents 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-(2%2-1)
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The Label box contains a textual label that may be associated with an entity or entities in the file by inclusion of the Label
box within an Association box, a Codestream Header box, or a Compositing Layer Header box.

The type of a Label box shall be 'IbI\040' (0x6C62 6C20). The contents of the Label box are as follows (see Figure M.34):

M.11.14

The Bina
the file cd
size. This
data is tra
of boxes,
Binary Fi
anywhere

A conforr

T.801(21)_FM.34

Figure M.34 — Organization of the contents of a Label box

S: Label strlng A textual Iabel assouated Wlth an entlty ThIS value i is stored as ISO/IEC 10646 characters in

d (
mcluswe as well as the speC|f|c characters /', 5L tand '# are not permitted in the label, str

Binary Filter box

y Filter box allows portions of the file to be further compressed or encoded (i.e., encrypted). For e
ntains a significant amount of metadata in XML, it can be losslessly compressed\to drastically redu
box contains an indicator specifying how the data was transformed, as well as the transformed data
nsformed through the reverse operation (i.e., decrypted or decompressed), the‘resulting data shall be g
where the first byte is the first byte of the first box header, and the last byte'is the last byte of the las
ter box is optional, and there may be multiple Binary Filter boxes in the file. A Binary Filter box may
in the file except before the Reader Requirements box.

contain b

The type ¢f a Binary Filter box shall be 'bfil' (0x6266 696C). The.contents of the Binary Filter box are defined

(see Figu

ning decoder is not required to process the data within a Binary ‘Filter box. Thus, a Binary Filter bo
xes for which interpretation is required for reader conformance.

e M.35):

& A

T.801(21)_FM.35
Figure M.35 =.Qrganization of the contents of a Binary Filter box

: Filter type. This field specifies how the data was transformed before storage. This value i
as a UUID, Standard defined values are given in Table M.44.

Table M.44 — Legal Filter types

) U+009F
ng. Label

strings are not null-terminated or padded in any other way; every character that is presenfus sigpificant.

ample, if
Ce the file
Once the
sequence
box. The
be found

shall not

hs follows

5 encoded

Valug Meaning

EC340B(
879EA3S

4-74C5:41D4-A729- | Compressed with GZIP. The contents of the DATA field have been compressed usi
UBFOE DEFLATE algorithm (as specified in RFC 1951). The compressed data is stored in th

g the
e binary

structure defined by the GZIP file format, as specified in RFC 1952.

EC340B04-74C5-11D4-AT729-
879EA3548F0F defined in 1ISO 10126-2.

NOTE: ISO 10126-2 is withdrawn.

Encrypted using DES. The contents of the DATA field has been encrypted using DES as

All other values reserved.

DATA:

If a conforming reader does not recognize the particular UUID, then the reader shall ignore this Binary
Filter box.

Transformed data. This field contains previously transformed data. Once the reverse transformation
has been applied (as specified by F), the result shall be a sequence of boxes. The contents of the data
field may include information needed to perform the reverse filter, in addition to the filtered data. It
is fully up to the definition of the F field to define the binary structure and format of the DATA field.

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
colour of the original physical object when seen by a human viewer. However, the CMYK printing process does not
reproduce the same range of blue colours as are viewable by the human visual system. In this instance, the catalog artist

ealo

shall dete
the physig

A JPX res

This box gontains a set of separate desired reproductions. There shall be only one Desired Reproductions box
file, which may be found anywhere within the file.

al object from the printed reproduction.

der is not required to process the image through the specified transformations.

pmarna honar tn haot aamasapt thn Whliin anlaliy s thn sraana +0 A et d W o o motnaenaion AL Ef ne between
TCTToOvVtO ot ST LUV T tnC oo CoTO T thic gt tUTr o e U oot CUTo O toTi i iz~ o e et

vithin the

The type pf the Desired Reproductions box is 'drep’ (0x6472 6570). This box is a superboxy.and the contents ¢f the box

shall be a:

Other bo
understan

The Desin

M.11.15.1

A Graphi
printing &
from the
one Grap
Reproduc

The type
follows (3

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 colouf
reproduction for the rendered result when‘printed under commercial printing conditions. T
and definition of this box is specified in<lause M.11.15.1

es may be found within the Desired Repreductions box. Readers shall ignore any boxes that th
.

ed Reproduction box is optional for.conforming files.

Graphics Technology Standard Output box

cs Technology Standard OQutput box specifies the desired reproduction of the rendered result for cd
hd proofing systems. The.box contains an Output ICC profile specifying the desired conversion of
Profile Connection Space (PCS) to the desired device specific output colourspace. There shall be on
hics Technology Standard Output box within the file. If present, this box shall be found within th
ions box.

of a Graphics Technology Standard Output box is 'gtso’ (0x6774 736F). The contents of the box S
ee FiguresM.37):

and tone
he format

by do not

mmercial
the image
ly zero or
e Desired

hall be as

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 ROI Description box shall be found only at the top level of the file, or within the JP2 Header box, a Codestream Header
box or an Assaciation hox_l1f the ROl Dpcrriln'rinn hox is found within a Codestream Header hox then the RQOIs described
in that RQI Description box pertain to the particular codestream described by that Codestream Header box._If the ROI
Descriptign box is found within the JP2 Header box, then the ROI description box specifies default ROFinformation for
all codestfeams. If the ROI Description box is found at the top level of the file, then it specifies ROI information for the
rendered lesult; the ROIs described at a top-level box are not directly associated with coded ROIs within any cqdestream.

The type ¢f the ROI Description box shall be 'roid' (0x726F 6964). The contents of this box shall\bé as follows (pee Figure
M.38):
2l | &8 |
z1=| £ <
& Rlex’ Rlcy’ Rwdt’ Rhth’
z ol Ta ) ) roi.
| Z| 2 Rlex""! Rley™"! Rwdt"™"! Rhth™"!
T.801(21)_FM.38

Figure M.38 — Organization afthe contents of the ROI Description box

Nroi: Number of Regions of Interest. Encoded as an 8-bit integer.

Ri: Region of Interest present in codestream. Encoded as an 8-bit integer. Legal values of the R field are
given in Table M.47;

Table M.47 — Legal Ri values

Value Meaning
0 Codestream does not contain a static region of interest at this location.
1 Codestream contains a static region of interest at this location.
All other values reserved.

fun! Region-of lnterest-tvne-and-encoding—can-be-simplerectanaular{one-value)-simpleelidtical (One
T 9 T 7 Ld I < 77 Ld L

value), quadrilateral refinement (multiple values, corresponding to 4 permutation bit fields A, B, C
and D), or oriented elliptical refinement (one value). Rtyp' may identify a quadrilateral refinement
only if i > 1 and Rtyp'! identifies a simple rectangular region. Similarly, Rtyp' may identify an
oriented elliptical refinement only if i > 1 and Rtyp™* identifies a simple elliptical region. The Rtyp'
field is encoded as an 8 bit integer; allowed values are as follows:
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Table M.48 — Allowed Rtyp' values

Value (bits) Meaning
MSB LSB
0000 0000 Aligned rectangular region of interest (rectangle edges parallel to the image edges)
0000 0001 Aligned elliptical region of interest (ellipse diameters parallel to the image edges)
AABB CDDO Quadrilateral refinement, with bit fields: A (0-3), B (0-2), C (0-1), D (1-3)
0000 0011 Oriented elliptical refinement
other values Reserved for future use.
Rcp':  Region of Interest coding priority. This value describes the coding priority of the Region of Interest.

The value 0 means low coding priority and 255 means maximum coding priority. This value is
encoded as a 1-byte unsigned integer. In transcoding applications, bits should be allocated with
respect to the coding priority of each ROI.

Ricx:  Region of Interest horizontal location. In the case of an Aligned Rectangular Regionof/Inferest or a
Quadrilateral Refinement, this is the horizontal position of the top left corner of the.relevantjrectangle.
In the case of an Aligned Elliptical Region of Interest this is the horizontal position.of the ceptre point.
For an Oriented Elliptical Refinement, this is the horizontal position at whigh-the ellipse tguches the
upper edge of its bounding box, as identified by the immediately preceding region of intgrest. This
value is stored as a 4-byte big endian unsigned integer.

Ricy:  Region of Interest vertical location. In the case of an Aligned Rectangular Region of Inferest or a
Quadrilateral Refinement, this is the vertical position of the top\eft corner of the relevant jrectangle.
In the case of a Simple Elliptical Region of Interest this is the vertical position of the centrepoint. For
an Oriented Elliptical Refinement, this is the vertical position at which the ellipse touchgs the left
edge of its bounding box, as identified by the immediatély preceding region of interest. This value is
stored as a 4-byte big endian unsigned integer.

Rwdt:  Region of Interest width. In the case of an Aligned’Rectangular Region of Interest or a Quidrilateral
Refinement, this is the width of the relevant¥ectangle. In the case of an Aligned Elliptical Region of
Interest this is the amount by which the ellipse extends to the left and to the right of its cenfre. For an
Oriented Elliptical Refinement, this parameter shall be 1. This value is stored as a 4-byte big endian
unsigned integer.

Rhth':  Region of Interest height. In the ¢ase of an Aligned Rectangular Region of Interest or a Qupdrilateral
Refinement, this is the height of'the relevant rectangle. In the case of an Aligned Elliptical Region of
Interest this is the amount by which the ellipse extends above and below its centre. For an Oriented
Elliptical Refinement, this'parameter shall be 1. This value is stored as a 4-byte big endiar] unsigned
integer.

The format of the contents of the ROI'Description box is given in Table M.49.

Table’M.49 — Format of the contents of the ROI Description box

Parameter Size (bits) Value
Nroi 8 0-255
Ri 8 0-255
Rtyp' 8 0-255
RSigt 3 U—255
Rlcx 32 0-(2%%-1)
Rlcy' 32 0-(2%2-1)
Rwdt! 32 1-(2%—1)if Rtyp'#3
1ifRyp'=3
Rhth 32 1-(2%2-1)if Rtyp' =3
lifRyp'=3

If Rtyp' identifies an Aligned Rectangular Region of Interest, the locations (x,y) which are considered to be included
within the region are those which satisfy:

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:

X[0] = Rlex*, X[1] = Rlex!, X[2] = Rlex' + Rwdt' — 1, X[3] = Rlex + Rwdt™! — 1 and

Y[0] = Rlcy™, Y[1] = Rlcy!, Y[2] = Rlcy + Rhthi — 1, Y[3] = Rlcy** + Rhth™ — 1

These valpes shall satisfy the following constraints:

X[0] < X[1] < X[2] < X[3] and Y[0] < Y[1] < Y[2] < Y[3]

The quadrilateral is defined by four vertices V1, V2, V3 and V4, having horizontal @nd-vertical coordinates (Y1x,V1y),
(V2x,V2y), (V3x,V3y) and (V4x,V4y). These vertices and associated edges are_considered to be included yvithin the
region. The vertical coordinates of the vertices shall be obtained as follows:

V1y = Y[0]; V2y = Y[1]; V3y = Y[2]; and\V4y = Y[3].

The horizpntal coordinates of the vertices shall be obtained using the following equations:

V1x = X[A], where A is the 2 bit field identified in‘Table M.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 rgnge
0 to 2;

V3x = X[(A+1+((B+1+C) mod 3))ymod 4], where C is the 1 bit field identified in Table M.49; and
Vax = X[(A+1+((B+2-G),mod 3)) mod 4].

The connegctivity of the vertices is determined by the 2 bit field D identified in Table M.56, which takes valpes in the
range 1 td 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 = Rhthi}; X¢ = Rlcx™; Ye = Rlcy'™ ; o = (Rlext — Xc¢) / 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 +W, and vertically by +Ho, shift each location (x,y) within this initial ellipse horizontally by an amount o - (Yc-y).

Location

Vertical §kewing Procedure: Starting with an elliptical region centred at the location (Xc, Yc), extending horiz

+Wo and

(x,y) belohgs to the oriented ellipse if and only if it satisfies: (y — Yc — B (x — Xc))? / H? + ((x — Xa)?1 Wo? <

The valugs of Rlcx' and Rlcy' shall satisfy:

Moreove

NOTE|- The compatibility constraint serves to ensure compatibility between the horizontal and vertical skewing procej

M.11.17
This box

signature js used to protect a very specific byte stream within the file. Any change to that byte stream will inv:
digital signature. For example, if a compressed codestream is signed, and then later modified by adding error

x.V) belongs to the oriented ellipse if and only if it satisfies: (x — Xc — o Ye-y)2 / W2 + (v — Yc)?

vertically by +H, shift each location (x,y) within this initial ellipse vertically by an amount B~ (x3Xc)

Xc — Wpo < Rlexi < Xc+Wo; Yc—Ho< R|Cyi <Yc+ Ho.

1} there shall be a y in the range —1 to 1, such that Rlcx' and Rlcy' satisfy the.following compatibility ¢

Wo —¥% < (Rlext — Xc) < yWo + ¥; and yHo — % < (Yc — Rley) <yHo + %.

Digital Signature box

contains a checksum or digital signature that may beused to verify data contained within the file. T|

Ho2 <1.

pntally by
Location
.

onstraint:

Hures.

his digital
lidate the
resilience

markers, fhe digital signature will indicate that the byte stream has been modified.
The type pf a Digital Signature box shall be 'chck®(0x6368 636B). The Digital Signature box is optional and fnay occur
anywhere|in the file except before the Reader.Requirements box. There may be more than one Digital Signatyire box in
the file. The contents of a Digital Signaturebox shall be as follows (see Figure M.39):
________________________________ o e
DO
Styp Ptyp E DATA
OFF ! LEN
__________________________________ L
T.801(21) FM.39
Figure M.39 — Organization of the contents of a Digital Signature box
Styp: Signature type. This field specifies the type of digital signature contained within this Digital|Signature
box. This field is encoded as a 1-byte unsigned integer. Legal values of the Styp field are ag shown in
Table M.50 — 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.

The signature consists of two unsigned integers, r and s. The DATA field shall be 40 bytes long. The first

encoded as a 20-byte big endian unsigned integer.

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.

20 bytes

shall be the value r, encoded as a 20-byte big endian unsigned integer. The second 20 bytes shall be the value s,
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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:

sent, or if the recipient already knows the public key with which to verify a signature), and if the CMS
method (Styp = 5) is being used, it may help simple readers to include in the file an-additional Digital
Signature box using one of the other methods (Styp < 5) on the same source data:-'Readefs without
CMS support would still be able to process the additional box.

If key management is not an issue for a particular application (for example, if a checksu}w is being

Determination of any required public key is outside the scope of this Recommendation | International
Standard.

Source pointer type. This field indicates how the source data rangé that is signed by this Digital
Signature box is specified. This field is encoded as a 1-byte unsignied integer. Legal values df the Ptyp
field are as given in Table M.51.

Table M.51 — Legal Ptyp valaes

Valusg

Meaning

The source data that is signed by this Digital Signature box shall be all bytes of the file, starting with the flirst byte,
up to the byte immediately preceding the box headenfor this Digital Signature box. If the source data is specified
using a Ptyp of 0, then this Digital Signature box-shall not be in any superbox in the file; it shall be at thetop level
of the file.

The source data that is signed by this Digital, Signature box shall be a range of bytes, starting with the bytk: at the
location specified by the OFF field. Thedlength of this range is specified by the LEN field. If the source dgta is
specified using a Ptyp of 1, then OFF-shall point to the start of a box header and the source range shall inglude
only complete boxes; the Digital Signature box shall be at the same level in the box hierarchy as the box pointed to
by the OFF field.

All other values reserved.

OFF:

LEN:

Source data offset. This field specifies the offset in bytes to the start of the source data rapge that is
signed by, this*Digital Signature box. This offset is relative to the first byte of the file. This field is
encoded as-an 8-byte big endian unsigned integer. If the value of Ptyp is 1, then this field shall not
exist.

Seurce data length. If non-zero, this field specifies the length in bytes of the source data rapge that is
signed by this Digital Signature box. A value of zero specifies that the end of the source dafa range is
the last byte of the file. This field is encoded as an 8-byte big endian unsigned integer.

DATA: Signature data. This field contains the digital signature produced from the source data range. The

formatof this data 15 as Specified by the Styp fietd:

The Format of the contents of the Digital Signature box is given in Table M.52.

Table M.52 — Format of the contents of the Digital Signature box

Parameter Size (bits) Value
Styp 1 0
Ptyp 1 0-1
OFF 64 0-(2%4-1); if Ptyp=1
0 not applicable; if Ptyp =0
LEN 64 0-(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
XML document or instance data is defined by a Document Type Definition (DTD) document. This line
specifies which DTD is used by this XML document or instance data, as well as the root element name
and the location of the DTD.

- If the XML schema or DTD document referred to by the XML document contained within the XML box
contains a comment field of the form "<!I--HUMAN_SCHEMA DTD_LOCATION:LOC --p", then a
reader may retrieve a human readable document from the URL specified by LOC.‘This docutnent shall
contain a human readable description of the schema or DTD. This document will support application
developers and users of the metadata.

M.11.19 [MPEG-7 Binary box
This box gontains metadata in MPEG-7 binary format (BiM) as defined by ISO/IEC15938.

The type ¢f an MPEG-7 Binary box shall be 'mp7b' (0x6D70 3762). It may be found anywhere in the file after the Reader
Requiremgnts Box. The contents of the MPEG-7 Binary box are as follows, (See’Figure M.40):

DATA

T.80124) 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 fil¢. Readers
shall ignofe all Free boxes. A Free box-may be found anywhere in the file except before the Reader Requiremgnts box.

The type pf a Free box shall be 'free’ (0x6672 6565). As a free box contains meaningless data, the contents of 4 Free box
are undefined.

M.11.21 [Compositing Layer Extensions box

If a JPX file involves a farge number of compositing layers, whose headers are constructed according to alrepeating
pattern, it may be( possible to describe them compactly using one or more Compositing Layer Extensions boxes.
Compositjng Layer*Extensions boxes also allow a single animation to be separated into multiple alternate presentation
threads.

For exampte, = tongsequence of muttispectratimages may e Tepresented by todestrears, eactrof-witich uses the
Multicomponent Transformation extensions described in Annex J to provide four different three-channel renditions 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”"’

jIxi jp(:h1 i
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T.801(21) FM.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. Cjclxymay be zero.

jpch®  Codestream Header box ¢, where ¢ runs from 1 to Cjclx. The Codestream Headér boxes, if[any, shall
appear before any other boxes.

Gjclx:  Number of compositing groups in the Compositing Layer Extensions hox.*Gjclx shall be jat least 1.
Compositing groups shall appear consecutively, immediately following any Codestreain Header
boxes.

Lg: Number of Compositing Layer Header boxes in compositing group g, where g runs from 1 to Gjclx.
Lg shall be at least 1.

iplhg'j: Compositing Layer Header box j, within compositing<group g, where j runs from 1 tg Lg. The
Compositing Layer Header boxes within each compositing group g shall precede any Instrjiction Set
boxes within compositing group g.

Ig: Number of Instruction Set boxes in compositing group g, where g runs from 1 to Gjclx. Igmay be 0
only in the last group — i.e., when g=Gjclx..AN other Ig values shall be at least 1.

set®:  Instruction Set box i, within compositing/group g, where i runs from 1 to Ig. The Instruction Bet boxes,
if any, within compositing group g shiall immediately follow the Compositing Layer Header boxes for
compositing group g.

Ljclx:  Total number of Compositing-Layer Header boxes found within the Compositing Layer Hxtensions
box. This value shall equalthe sum of the Lg values for g=1 to g=Gjclx.

Tjclx:  Number of presentation;threads defined by the Compositing Layer Extensions box. This alue shall
be equal to Gjclx ifrall compositing groups contain Instruction Set boxes. Otherwisd, the last
compositing group contains no Instruction Set boxes and the value of Tjclx shall be equal tp Gjclx-1.
If there are no Instruction Set boxes at all, the value of Tjclx shall be 0.

Lref:  Number-of-compositing layers implicitly referenced by the Instruction Set boxes iset?! fo iset®'9,
whereyg 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 Compositing
Layer Extensions box. This value is supplied by the Compositing Layer Extensions Info bgx ("jIxi"),
except possibly for the last Composition Layer Extensions box in the file; that box's Composition
Layer Extensions Info box may hold the value O in place of an Fjclx value. Presentatign threads
defined by the final Compasition Layer Extensions hox may have different numbers of frames, as

determined by the thread's compositing instructions and compositing layers.

Mjclx: Repetition factor for the Compositing Layer Extensions box. The Compositing Layer 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
presentation thread, then each presentation thread provides an alternate sequence of composited frames that extends the
sequence of frames created by the Composition box. The presentation thread inherits any composited frames created by
following|the instructions in the Composition box, as explained in clause M.5.3.2.1. However, the instruction(t found in
the Comppsition box do not relate to any of the compositing layers associated with Composition Layer Extensions boxes,
nor do any persistent composited frames created by the instructions found within a presentation thread-persist|into other
presentatipn 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 g different
number of presentation threads, some possibly having no presentation threads at all. Together with the Compogition box,
these offer T global presentation threads to renderers, where T is the maximum of the” Tjclx values anpongst all
Compositjng Layer Extension boxes. For each t in the range 1 to T, global presentation thread t consists of thg sequence
of compogsited frames offered by the Composition box, followed by the composited frames defined by compositing group
g = min{t| Tjclx} of each successive Compositing Layer Extensions box for whighsFjclx is non-zero.

The set off codestream headers defined by a Compositing Layer Extensions.box-shall be formed by replicating|the entire
set of Cjc|x Codestream Header boxes Mjclx times and numbering the codestream header produced by the rth|replica of

Codestregm Header box jpch, starting from r=0, as

Cprev + r - Cjelx™+ c.

The set off compositing layers and associated headers defined’by a Compositing Layer Extensions box shall be formed by
replicating the entire set of Ljclx Compositing Layer Header boxes within the box Mjclx times and numbering the

compositing layer associated with the rth replica of €ompositing Layer header box jplhg'j as

Lprev +r - LjcIX + Xa<neg LN + ],

where Lprev is equal to the number of(top-level Compositing Layer Header boxes, added to the total number of pdditional
compositing layers defined by all preceding Compositing Layer Extensions boxes.

For each g from 1 to Tjclx, the composited frames associated with presentation thread g are formed by applying the
compositing instructions found within Instruction Set boxes isetd? to iset?!9 to the compositing layers formed from the
Mijclx replicas of Comgasiting Layer Header boxes jclh®? to jcIn®-9,

The last Gompositing/Layer Extensions box in a file is not required to provide a value for FjcIx. Apart from this case, all
presentatipn threads in the Compositing Layer Header box shall have the same number of frames, Fjclx.

The Compositing Layer Extensions box may also contain other metadata boxes, such as Label boxes, XNIL boxes,
Association DOXeS and Cross-ReTerence bOXes. These additional DOXES are not replicated, unless they are tound within a
replicated 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:

Lmap(r.n) =n. if n < Ltop, else

and Ltop

If a Num
Layer He
within the
all compo

M.11.22

The Com
composits
inside a G

The type
contents (|

Lmap(r,n) = Lprev-Ltop +r - LjcIx + n, if n > Ltop

s equal to the number of top-level Compositing Layer Header boxes in the file.

er List box is found anywhere within a Compositing Layer Extensions box that"is not within a Cog
der box or a Codestream Header box, codestream indices ¢ and compositing, layer indices n that
Number List box shall be interpreted as references to all codestreams Cmap(Q,c) through Cmap(Mijcl
Siting layers Lmap(0,n) through Lmap(Mjclx-1,n), respectively.

Compositing Layer Extensions Info box

positing Layer Extensions Info box provides global information‘eoncerning repetition, compositing
d frames associated with a Compositing Layer Extensiong™hox. This box shall only be found as thg
ompositing Layer Extensions box.

of the Compositing Layer Extensions Info box shall)be 'jlxi' (0X6A6C7869) and it shall have the
see Figure M.42):
T T [T 1T

Mjelx Cjelx Ljclx Tjelx Fjclx
or 0 or 0

T.801(21)_FM.42
Figure M.42 — Orgdanization of the Compositing Layer Extensions Info box

Mijclx or O: Repetition factor for the Compositing Layer Extensions box, represented by a 4-byte
big‘endian integer. This value may be 0 only in the last Compositing Layer Extensid
the‘file, and then only if Cjclx is non-zero; in this case the repetition factor Mjclx is d
using the value of Ctotal, as described in clause M.11.21.

Cjclx: Number of Codestream Header boxes in the Compositing Layer Extensions box re
by a 4-byte unsigned big endian integer.

Ljchx: Total number of Compositing Layer Header boxes found within the Composit
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Tjclx: Number of presentation threads defined by the Compositing Layer Extensions box represented

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
precede any Multiple Codestream boxes.

If the file's-eompositingtayersirvolve-CodestreamRegistration-bexes-the-cedestreams—referenced-by-such-bexes within
all top-leyel Compositing Layer Header boxes shall appear at the top-level of the file (not within Multiple"€pdestream
boxes). If|the file's compositing layers do not involve Codestream Registration boxes, there shall be at least'ong top-level
codestream for each top-level compositing layer (i.e., for each compositing layer not defined by a Compositing Layer
Extensions box). In any event, the file shall contain at least one top-level codestream that is not found within @ Multiple
Codestregm box.
NOTE|- For most purposes, these restrictions mean that the codestreams represented by Multiple’Codestream boxes are likely to
be those that are associated with Codestream Header boxes found within Compositing Layer Exténsions boxes. However, this need
not always be the case, and there is no implied correspondence between Multiple Codestfeam boxes and Compositing Layer
Extensjons boxes.

The type jof the Multiple Codestream box shall be 'j2cx' (0x6A32 6378) and_it shall have the following corftents (see
Figure M{43):

4 ’/’4
X/,
\

j2ci jp2c/fibl/j2ex jp2c/fibl/j2ex  free/mdat free/mdat
T.801(21)_FM.43

Figure M.43 — Organization ofthe contents of a Multiple Codestream box

j2ci: A Multiple CodestreamInfo box, specifying the total number of codestreams contaimed within
this Multiple CodeStream box.

ip2c/ftbl/j2cx: A Contiguous.Codestream box, a Fragment Table box or another Multiple Codestfeam box.
The total number of codestreams found within these boxes shall agree with the value|identified
via the,Multiple Codestream Info box.

mdat/mfree:  Zer0 or more Media Data or Free boxes; these shall appear after all Contiguous Cddestream,
Rragment Table and Multiple Codestream boxes that appear within this Multiple Cpdestream
box.

NOTE|L — It is advisable for file writers to construct Multiple Codestream boxes from sub-boxes that all have the sarpe type, all
have the same length, and all represent the same number of codestreams, except possibly the last sub-box. In particular |this means
that it Is advisable to embed Fragment Table boxes rather than Contiguous Codestream boxes within a Multiple Codegtream box.
This is|especially useful in cases where the Multiple Codestream box contains a large number of codestreams, sincelit allows a
reader forus€ the information found in the Multiple Codestream Info box to efficiently locate codestreams of interest.[The actual
contents of the codestreams referenced by Fragment Table boxes might be written t0 Media Data boxes within the same file, or
else they might be found in other files.

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
file. 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):

Ncs Ltbl

T.801(21)_FM.44
Figure M.44 — Organization of the contents of a Multiple Codestream Offsets box
NCs: Total number of codestreams represented by the Multiple Codestream box, 'Wwithin which this box

occupies the first position. This value is represented by a 4-byte unsigned big endian integdr.

Ltbl:  This field is represented as a 4-byte unsigned big endian integer..This value is either O]or else it
represents the common size and common number of codestreams'that are represented by|all of the
Contiguous Codestream, Fragment Table or Multiple Codestreaniboxes that follow this l:’)fx, except

possibly the last one. Specifically, if B is the number of Carntiguous Codestream, Fragment Table or
Multiple Codestream boxes that follow this box as immediate sub-boxes of the containing Multiple
Codestream box, and if Ltbl is not equal to zero, then.at least the first B-1 of these Contiguous
Codestream, Fragment Table or Multiple Codestream sub-boxes each have a length of L bytes,
including the box header, and each represent a total of 2R codestreams, where R < 64, L|< 2% and
Ltbl =R - 2% + L.

Table M.54 — Format of the contents’ef the Multiple Codestream Info box

Parameter Size (bits) Value
Ncs 32 1-(2%-1)
Ltbl 32 0-(2%2-1)

M.11.25 |Grouping Box

The Grouping box provides a mechanism to group other boxes within a container without specifying specific aspociations
as in the Association box. The Grouping box is a superbox.

The type ¢f the Grouping box shall be 'grp\040' (0x6772 7020) and it shall have the following contents (see Figyre M.45):

0 N
Box Box

TB0T(ZT)_FM45

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.46):

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

1D: A text string specifying an ID for this XML document. The_length of this field is the LID field, in
bytes.

FM: A text string specifying the front-matter of the, XML document. This string shall cgntain the

"<?xml>" tag and preferably all other complete XML elements describing the type of data in the
document, such as namespace and schema tags.

M.11.27 XML Header box

The XML Header box specifies an ID and the opening tag-fer a single XML element. When placed as the first box inside
an associgtion box, the XML Header box allows for a wel-formed XML document to be decomposed into a hierarchical
structure yising boxes; The content of the XML element specified in the XML Header box are taken as boxes 2+-N within
the Assodiation box. The XML Header box shall*be found only as the first box inside an Association box, and that
Associatign box shall only contain the XML Header box, other Association boxes (with XML Header boxes aq their first
box) and KML boxes.

The type pf the XML Header box shall\be 'hxml' (0x786D 6C68) and it shall have the following contents (3ee Figure
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
required to store the still photograph file can be combined with the atoms required to store a MPEG-4 audio file into a
single file, as the MPEG-4, JPX and JP2 formats are flexible with respect to the location of many important boxes or

atoms. A file writer would only need to De COncerned that the 011sets within the boxes and atoms are all determjined such
that they point to the location of the data in the combined file.

A reader that supports only the JPX file format would treat the file as a photograph. A reader that‘support$ only the
MPEG-4 udio standard would treat the file as an audio file. A new reader that supports both standards,could th¢n provide
advanced [features by combining photographic capabilities with audio capabilities.

M.14  Decomposing an XML document into multiple boxes

Using thg Decomposed XML box, the XML Header box, and the Association hax; a single XML documgnt can be
decompoded into multiple boxes; this may be necessary to break a large documentinto'smaller chunks that can b¢ retrieved
separately| through an interactive protocol.

While filg writers are given some flexibility as to how a document is broken up, there is one important restriction. If a
specific element is to be decomposed using an XML Header box and anAssociation box, then all ancestors of thdt element,
up to the foot of the original XML document shall also be decomposed)

Within the structure rooted at the Association box containing:the ‘Decomposed XML box, the file shall contain only
Decompoped XML boxes, XML Header boxes, XML boxes, and’other Association boxes. Other boxes shall not be found
within thd hierarchy.
NOTE|- While it is conforming to include a decomposed XML document in an isolated JPX file, this capability is {ntended to
provid¢ a mechanism to decompose the contents of an-XML box into a sequence of box in situations where only porfions of the
XML Hox are to be returned or transmitted, for example’by a JPEG 2000 image server operating in the context of Rec. IT|U-T T.808
| ISO/IEC 15444-9 (JPIP). In these cases, the server might transcode a standard XML box into a sequence of boxes ugon loading
the original file which would facilitate selective.delivery of the portions of the XML content of interest by a JPIP servef, using the
placehglder and stream equivalence tools and' mechanisms defined in Rec. ITU-T T.808 | ISO/IEC 15444-9.

Informatiye Example: Consider the following well-formed XML document:

<?xml version="1.0!" encoding="iso-8859-1"7?>

<schema xmlns7#http://www.w3.0rg/2001/XMLSchema"
xmlns ypo="http://www.example.com/graphic"
targetNamespace="http://www.example.com/graphic"
elementFormDefault="qualified"
ateributeFormDefault="unqualified">

<shape jId="box" z="2">
<rect 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="22" r="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’
‘nxml™:
ID: Lense
OELT:
<shape id="pinhole" z="1">
xm| ":
<smallshape id="spot" z="0">
<point x="40" y="22">
</smallshape>
‘asof’
‘hxml’
ID: Camera body
OELT:
<shape id="box" z="2">
xml'":
<circle x="40" y="22" r="10%v />

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 hrtroductiomtoextended metadata

Metadata [is additional information that is associated with the primary data (the image). In the ceontext of this
Recommgndation | International Standard, it is additional data linked with the image data beyond the pixels whjich define
the image, Metadata, to be most valuable for the owner(s) and user(s) of an image, needs to be consistently npaintained
throughoyt the image lifecycle. In today's environment of image editing applications, rapid transmission via the Internet,
and high quality photographic printers, the lifecycle of a digital image may be very long as weéll“as complex.

Image métadata is a building block for digital imaging that may be used within the wide spectrum of thg imaging
workflow} This annex defines a standard set of image metadata based on a generic concept that may be furthgr divided
into concgptual metadata groups. Each of these groups describes a unique aspect of\thé image. By partitioning metadata
into discrgte groups, users may extend a particular block without affecting the)entire architecture thereby| ensuring
semantic [nteroperability while allowing others to add value to the metadata an@’image data itself.

N.2 Additional references for extended metadata
- ASTM E1708-95: Standard Practice for Electronic.Intérchange of Color and Appearance Datg, 1995.
- IETF RFC 2426: vCard MIME Directory Profile;;September 1998.

- 1SO 12232:1998, Photography — Electronic &till-picture cameras — Determination of 1SO speed
- 1SO 12233:2000, Photography — Electronic still-picture cameras — Resolution measurements.

- 1SO 14524:1999, Photography — Eleétronic still-picture cameras — Methods for measuring opto-glectronic
conversion functions (OECFs).

- JEIDA: Digital Still CameraFile Format Standard (Exif). Version 2.1, June 1998.

—  WIPO. Berne Convention-for the Protection of Literary and Artistic Works. Paris Act of 24 July 1971,
amended 28 September.1979.

- WIPO. World Intellectual Property Organization Copyright Treaty, 1996.

N.3 Scope of metadata definitions

This annex consists.of¢five logical groups of metadata as well as common definitions of dataypes that are refgrred to by
other metadata definitions. While each group is logically partitioned, they may be linked to each other to form pdditional
semantic

N.3.1 Image Creation metadata

The Image Creation metadata defines the "how" metadata that specifies the source of which the image was created. For
example, the camera and lens information and capture condition are useful technical information for professional and
serious amateur photographers as well as advanced imaging applications.

N.3.2  Content Description metadata

The Content Description metadata defines the descriptive information of "who," "what," "when," and "where" aspect of
the image. Often this metadata takes the form of extensive words, phrases, or sentences to describe a particular event or
location that the image illustrates. Typically, this metadata consists of text that the user enters, either when the images are
taken or scanned or later in the process during manipulation or use of the images.
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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 Intellpctual Property Rights (TPR) metadata defines metadata to either protect the rights of the owner of th¢ image or
provide flirther information to request permission to use it. It is important for developers and users to andefstand the
implicatigns of intellectual property and copyright information on digital images to properly protectsthe rights of the
owner of the image data.

N.3.5 [Fundamental metadata types and elements

The Fundpmental metadata types define common datatypes that may be used within each metadata groups. Thoge include
an addres$ type or a persona type which is a collection of other primitive datatypes. The-Fundamental metadatg elements
define elgments that are commonly referenced within other metadata groups. Thesé- inClude a definition for] language
specificat/on and a timestamp.

N.3.6  [Image Identifier metadata

Image ldgntifier metadata is used to uniquely identify the image.

N.4 Metadata syntax

As definefl in ITU-T T.800 | ISO/IEC 15444-1 Annex |, the JP2-file format allows XML format metadata to be|contained
within thgq box structure. Metadata defined by this annex shall be well-formed XML as defined by XML 1.0. [The XML
shall confprm to all the normative requirements of N.6, not just those expressed in the DTD and the XML Schjema. The
default character encoding shall be UTF-8 unless othetwise specified in the XML document.

N.4.1 [Metadata schema definition language

This Recgmmendation | International Standard uses the XML Schema syntax as defined by XML Schema Rart 1 and
XML Schiema Part 2 to describe the elements of the metadata.

N.4.2 amespace

XML narespace is a collection of names, identified by a Universal Resource Identifier (URI), that allqws XML
documents of different sources to use elements with the same names, to be merged within a single document with no
confusion, ConsideringsJPX metadata, either incorporating other metadata for extensibility or being useq in other
applicatiops, it is impgortant to define a XML namespace for JPX elements and attributes. To specify the JPX XML
namespace the following URI is defined.

xmlns:xsd="http://www.jpeg.org/Jjpx”

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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The following URL references the DTD for this Recommendation | International Standard:
"http://www.jpeg.org/metadata/15444-2.dtd”

In metadata defined by this annex, a DOCTYPE declaration shall be present prior to the root element of the XML
document. The name in the DOCTYPE declaration shall be set to the root element name for the defined boxes in clause
N.5. The system identifier may be modified appropriately to reference the DTD expressed in clause N.8.

N.4.4 XML Schema information

An XML Schema for this Recommendation | International Standard is defined by the XML Schema specified in clause
N.9.

The following URL references the XML Schema for this Recommendation | International Standard:
"http://www.Jjpeg.org/metadata/15444-2.xsd”

Where af XML Schema Tlocation is used in metadata defined by this annex, the root element shall cpntain an
xsi:schemiaLocation attribute listing the jp namespace as specified in clause N.4.2 and the appropriate URL reference of
the XML [Schema file expressed in clause N.9.

N.5 Defined boxes

The following boxes are defined as part of JPX file format extended metadata. All boxes defied in this annex arfe optional
unless otherwise stated. If a JPX reader supports a given box, it shall understand all the elements within the boy.

N.5.1 Image Creation metadata box

The Image Creation metadata box defines metadata that are related to the creation of a digital image. The scqpe of this
box is applicable to metadata elements that are relevant to the creation of the digital image data, i.e., camera arjd scanner
device infprmation and its capture condition as well as the software or firm@are to create such image. It defines the "how"
metadata fhat specifies the origin of the image.

The type pf the Image Creation box shall be 'xmI\040' (0x786D 6C20) as defined in ITU-T T.800 | ISO/IEQ 15444-1,
clause 1.7|1. The contents of this box shall be as follows (see Figure N.1):

&
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Figure N.1 — Organization of the contents of Image Creation box

ICre: Image Creation mietadata field. This field shall be well-formed XML as defined by XML 140.

Table'N.1 — Format of the contents of the Image Creation box

Field nane | 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  [Cantent Description metadata box

This box comprises the content description of an image. The content description has two main purposes:

—  Firstly: It can be used to classify the image. Images placed in a database need to be extracted from that
database. For any image to be useful (happy snaps saved in the file system of a personal computer through
to an extensive professional photo library), this is required. This classification may be used to search for
images.

— Secondly: Once an image is retrieved, some data which describes the image but is not useful when
searching may be included. For example —"Bob is the guy asleep on the lounge" is not all that useful when
searching, but is useful when describing the content.

The metadata listed in this box contains data for both of the above cases.

The type of the Content Description box shall be 'xmI\040' (0x786D 6C20) as defined in ITU-T T.800 | ISO/IEC 15444-1,
clause 1.7.1. The contents of this box shall be as follows (see Figure N.2):
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CDes T.801(21)_FN.2

Figure N.2 — Organization of the contents of Content Description box

CDes:  Content Description field. This field shall be well-formed XML as defined by XML 1.0.
Table N.2 — Format of the contents of the Content Description box
Field name Size (bits) Value
CDes Variable This field contains an XML document as defined in clause N.4, with the root element
CONTENT DESCRIPTION containing metadata defined in clause N6 2

N.5.3  [History box

This box gontains the history of metadata of an image. The History metadata is used to provide partial-information about

how the piicture 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 applicatiens used were not able|to update
the history metadata.

The Histgry box contains a summary of basic image editing operations that have already been applied to the {mage and
previous yersion(s) of the image metadata. The History metadata is not designed to be used to reverse (unglo) image

editing operations.

The type of the History box shall be 'xmI\040' (0x786D 6C20) as defipedin ITU-T T.800 | ISO/IEC 15444-1, clpuse 1.7.1.

The contents of this box shall be as follows (see Figure N.3):

Hist T.801(21)_FN.3

Figure N.3 — 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
Field nafne Size (bits) Value
MHist Variable This field contains an XML document as defined in clause N.4, with the root element HIJTORY,
containing metadata defined in clause N.6.3.

N.5.4 [Intellectual Property Rights box

This box pontains Intellectual property rights (IPR) related information associated with the image such as mdral rights,

copyrights as well as exploitation information.

The type of the Intellectual property rights box shall be 'jp2i' (0x6A70 3269) as defined in ITU-T T.800 | ISO/IEC 15444-
1, clause 1.6. The contents of this box shall be as follows (see Figure N.4):

IPR:

IPR T.801(21)_FN.4

Figure N.4 — Organization of the contents of Intellectual Property Rights box

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.

1

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,

clause 1.7.

1. The contents of this box shall be as follows (see Figure N.5):

Imgld  T801(21)_FN.5

Figure N.5 — Organization of the contents of Image Identifier box

Imgld: Image Identifier field. This field shall be well-formed XML as defined*by XML 1.0.

Table N.5 — Format of the contents of the Image Identifier box

Field na

me | Size (bits) Valué

Imgld

Variable This field contains an XML document as defined‘in clause N.4, with the root element |MA
containing metadata defined in clause N.6.5.

\GE_ID,

N.6

This clau
Each of tk
metadata

N.6.1

This elem
elements

Metadata definitions

e specifies the metadata element syntax and sethantics defined as part of JPX file format extended
e following metadata elements is based on the XML format as defined in XML 1.0. A JPX reader sk
blements it does not understand.

Image Creation metadata

ent specifies information that are,relevant to the creation of the image file. This element may contai
isted below. See also Figure N:6.

<xsd:element namex!'IMAGE CREATION">
<xsd:complexPype>
<xsd:sequehce>
<xsd:ekement ref="jp:GENERAL CREATION INFO" minOccurs="0"/>
<xsd:ielement ref="jp:CAMERA CAPTURE" minOccurs="0"/>
<&sd:ielement 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"/>

metadata.
all ignore

N the sub-

</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.

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

217


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

ISO/IEC 15444-2:2021 (E)

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>
OTeIement name="CREATION TIME" Type= dTdarterime™ mMinoccurs="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" minOccursz!"0"/>
<xsd:element name="OPERATOR ID" type="jp:tLangString" minOccurs="0!/>
</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 dateand time the image was cregted. This
element should be stored when the creation process started. (EJg., it may
be a 8 minute exposure.)<This element should never be changed after it is
written in the image-creation device.

IMAGE_SOURCE: This element specifies the device source of the digital file, such as a film
scanner, reflection print scanner, or digital camera. Table [N.6 lists
suggested valtes for this element.

Table Ni6/— Image Source values

Value Meaning
Digital Chmera Image create Oy a digital camera
Film Scafiner Image create by a film scanner
Reflectiop Print Scanner Image create by a reflection print scanner (commonly referred to as flat bed)
Still From Video Image create by from video
Computef Graphics Image digitally created on computers
SCENE_/YPE: This element specifies the type of scene that was captured. It differentiates

"original scenes" (direct capture of real-world scenes) fronp "second
generation scenes” (images captured from pre-existing hardcopy images).
It provides further differentiation for scenes that are digitally gomposed.

= =P A D N 2 Y P | 1 £ o 1 +
'aUTC TNL 71191 SUYYToleU valuts TUT TS TITTTITTIL

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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OPERATORL_ID:

N.6.1.2 Camera Capture metadata
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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. See
Organization type (clause N.7.1.14) for the format of this element.

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
characterization and camera capture settings. See also Figure N.8.

<xsd:complexType>
<xsd:sequence>

maxOccurs="unbounded" />
</xsd:sequence>

</xsd:complexType>
</xsd:element>

CAMERA_INFO:

SOFTWARE_INFO:

LENS_INFO:

DEVICE_CHARACTER:

CAMERA_SETTINGS:

IACCESSORY:

xsd.element name="CAMERA CAPTURE

<xsd:element name="CAMERA INFO" type="jp:tProductDetails" minOccurs={"Q%/>
<xsd:element name="SOFTWARE INFO" type="jp:tProductDetails" minOccurs="0"/>
<xsd:element name="LENS_ INFO" type="jp:tProductDetails" minOccurs=!0"/>
<xsd:element ref="jp:DEVICE CHARACTER" minOccurs="0"/>

<xsd:element ref="jp:CAMERA SETTINGS" minOccurs="0"/>

<xsd:element name="ACCESSORY" type="jp:tProductDetails" minQecurs="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 camera that
captured the image. See Product Details type (clause N.7.1.2[L) for the
format of thisselement.

Software “information. This element specifies information pbout the
software or firmware used to capture the image. See Product Dgtails type
(clause N.7.1.21) for the format of this element.

L.ens information. This element specifies information about thg lens that
captured the image. See Product Details type (clause N.7.1.2[1) for the
format of this element.

Device characterization. This element specifies the |technical
characterization of the digital capture device. The syntax of this glement is
specified in clause N.6.1.3.

Camera capture settings. This element specifies the camera setfings used
when the image was captured. The syntax of this element is sgecified in
clause N.6.1.7.

This element specifies the information of the accessories used with the
camera to capture the image. Professional and amateur photographers may
want to keep track of a variety of miscellaneous technical informdtion, such

© ISO/IEC 2021 - All rights reserved

as the use of extension tubes, bellows, close-up lenses, and other
specialized accessories. See Product Details type (clause N.7.1.21) for the
format of this element.
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N.6.1.3 Device Characterization metadata

This element specifies the technical characterization of the digital capture device. This element may contain the sub-

elements listed below. See also Figure N.9.

<xsd:element name="DEVICE CHARACTER">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SENSOR TECHNOLOGY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="One-Chip Color Area"/>
<xsd:enumeration value="Two-Chip Color Area"/>
<xsd:enumeration value="Three-Chip Color Area"/>
<xsd:enumeration value="Color Sequential Area"/>
<xsd:enumeration value="Trilinear"/>
<xsd:enumeration value="Color Sequential Linear Sensor"/>

Li.LC LLJ‘_LLJ‘_UII
</xsd:simpleType>
</xsd:element>
<xsd:element name="FOCAL PLANE RES" type="jp:tDoubleSize" minOccurs=§Qu/>
<xsd:element name="SPECTRAL SENSITIVITY" type="xsd:string" minOccuzs="0"/>
<xsd:element name="ISO SATURATION" type="jp:tNonNegativeDouble" minOtcurs="p"/>
<xsd:element name="ISO NOISE" type="jp:tNonNegativeDouble" minQcgurs="0"/>

</xsd:sequence>

</xsd:complexType>
</xsd:element>

SENSOR_TECHNOLOGY:

<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:tNonNegativeDguble" 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 sensing
method used in\the camera or image-capturing device. Tablg 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 Area

A two-chip colour area sensor technology used.

Three-Chip Colour Area

A three-chip colour area sensor technology used.

Colour Sequential Area

A colour sequential area sensor technology used.

Trilinear

An trilinear sensor technology used.

Colour'Sequential Linear Sensor A colour sequential linear sensor technology used.

FOCAL PLANE_RES:

Focal plane resolution. This element specifies the number of pixels per
meter in the X (width) and Y (height) directions for the main ierFage. The

resolution stored is the resolution of the image generated rather than the
width and height of the image sensar

SPECTRAL_SENSITIVITY:

ISO_SATURATION:

ISO_NOISE:

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

This element specifies the spectral sensitivity of each channel of the camera
used to capture the image. It is useful for certain scientific applications.
The contents of this element is compatible with ASMT E1708-95 and
expected to be defined by another standard. 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.

MIN F NUMBER: Minimum F-number. This element specifies the minimum lens f-number
of the camera or image capturing device.

NOTE|- ISO 12232 :1998 and 1SO 14524 :1999, which were in-force at the time of initial publication of this Recommendation |
Interngtional Standard, have been superseded by more recent editions.

N.6.1.4 [Spatial Frequency Response metadata

This specjfies the Spatial Frequency Response (SFR) of the image capturing device. The, device measured BFR data,
described|in 1ISO 12233, can be stored as a table of spatial frequencies, horizontal SFR values, vertical SFR vplues, and
diagonal $FR values. See also Figure N.10.

<xsd:element name="SPATIAL FREQ RESPONSE">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SPATIAL FREQ VAL" maxOccursz"unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SPATIAL FREQ" tgpe="jp:tNonNegativeDouble"/>
<xsd:element name="HORIZ SFR" tyge="jp:tNonNegativeDouble"/>
<xsd:element name="VERT SFR" tyge="jp:tNonNegativeDouble"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.10 — Schema’of the Spatial Frequency Response metadata

SPATIAL_FREQ_VAL: Spatial frequency value. This element specifies the list of SFR vglues.
SPATIAL_FREQ: Spatial frequency value in line widths per picture height units.
HORIZ_SFR: Horizontal SFR value.

VERT_SFR: Vertical SFR value.

NOTE[- ISO 12233:2000; which was in-force at the time of initial publication of this Recommendation | International Standard,
has begn superseded.by-more recent editions.

P a single-
rows 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"/>
<xsd:enumeration value="Yellow"/>
<xsd:enumeration value="White"/>
</xsd:restriction>

N.6.1.6

This elem

optical input and the image file code value outputs of an electronic camera. The property allows OECF values

1SO 1452

</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 celour values of the CFA patte

COLOR: CFA pattern values. The valugs-shall be either Red, Green, B
Magenta, Yellow, or White.

Opto-electronic Conversion Function metadata

ent specifies the Opto-Electronic Conversion Function (OECF). The OECF is the relationship be

1 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"mame="LOG EXPOSURE" type="xsd:double"/>
<xsd:elempents name="OUTPUT LEVEL" type="jp:tNonNegativeDouble"

maxOccurs="unbounded" />
</xsdfseguence>
</xsd:lcomplexType>
</xsd:element>
</xsd:$equence>
</xsdyeomplexType>
</xsdyelement>

Figure N.12 — Schema of the Opto-electronic Conversion Function metadata

n.
ue, Cyan,

tween the
Hefined in

222

NG : hicol i list.of lucs.
LOG_EXPOSURE: Optical input log exposure value.
OUTPUT_LEVEL: Image file code value output value.
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This element specifies the camera settings used when the image was captured. New generations of digital and film cameras
make it possible to capture more information about the conditions under which a picture was taken. This may include
information about the lens aperture and exposure time, whether a flash was used, which lens was used, etc. This technical
information is useful to professional and serious amateur photographers. In addition, some of these properties are useful
to image database applications for populating values useful to advanced imaging applications and algorithms as well as
image analysis and retrieval. This element may contain the sub-elements listed below. See also Figure N.13.

<xsd:element name="CAMERA SETTINGS">
<xsd:complexType>
<xsd:sequence>
<xsd:choice minOccurs="0">

<xsd:element name="EXP TIME" type="jp:tNonNegativeDouble"/>
<xsd:element name="R EXP TIME" type="jp:tRational"/>

</xsd:choice>

d.elelellt Ialle="r NUMBLK

TYPe="JP CNONNEgat IVEDOUDIE

MInuccurs=-u

<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="SUBJECT DISTANCE" type="jp:tNonNegativeDouble" minOCcursg"0"/>
<xsd:element name="METERING MODE" type="jp:tLangString" minOccurs=!0"/>
<xsd:element name="SCENE ILLUMINANT" type="jp:tLangString" minQcglrs="0"/>
<xsd:element name="COLOR TEMP" type="jp:tNonNegativeDouble" mipOccurs="0"/>
<xsd:element name="FOCAL LENGTH" type="jp:tNonNegativeDoubl&"™\'minOccurs="0"}>
<xsd:element name="FLASH" type="xsd:boolean" minOccurs="0""/%
<xsd:element name="FLASH ENERGY" type="jp:tNonNegativeDoubkle" minOccurs="0"{>
<xsd:element name="FLASH RETURN" type="xsd:boolean" minOccurs="0"/>
<xsd:element name="BACK LIGHT" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Front Light"/>
<xsd:enumeration value="Back Light 1"/
<xsd:enumeration value="Back Light 2¢'/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="SUBJECT POSITIONY \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:enumeration val(&="Auto Focus Used"/>
<xsd:enumeration walue="Auto Focus Interrupted"/>
<xsd:enumeration/value="Near Focused"/>
<xsd:enumeration~value="Soft Focused"/>
<xsd:enumeration value="Manual"/>
</xsd:restriebion>
</xsd:simplelype>
</xsd:element>
<xsd:element™name="SPECIAL EFFECT" minOccurs="0" maxOccurs="unbounded">
<xsd:sfimpleType>
<x§d:ifestriction 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>
d: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
© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/202]_) 223


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

ISO/IEC 15444-2:2021 (E)

224

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 camerassélected the
aperture for proper exposure.

Program Creative

The exposure setting is biased toward greater.depth of element.

Program Action

The exposure setting is biased toward faster'shutter speed.

Portrait Mode

The exposure setting is intended for clgSe-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:

METERING_MODE:

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

Brightness valuexThis element specifies the Brightness Value (Bv)
measured when\the image was captured, using APEX units. Theg expected
maximum.yalde is approximately 13.00 corresponding to a picfure taken
of a snowscene on a sunny day, and the expected minimum value is
approximately —3.00 corresponding to a night scene. If the valug supplied
by.the capture device represents a range of values rather than a sirjgle value,
the minimum and maximum value may be specified.

Exposure bias value. This element specifies the actual expqsure bias
(the amount of over-or underexposure relative to a normal exposure, as
determined by the camera's exposure system) used when capfuring the
image, using APEX units. The value is the number of exposure values
(stops). For example, —1.00 indicates 1 eV (1 stop) underexposure, or half
the normal exposure.

This element specifies the distance between the front nodal plgne of the
lens and the subject on which the camera was focusing. The camera may
have focused on a subject within the scene that may not havq been 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
Rt ERtHRed Rt chstaneeof-thesubjeetmaybeset—Fhe value of

this element is in meters.
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 for this

olement

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 [lluminant A

Standard illuminant A used.

Standard Illuminant B

Standard illuminant B used:

Standard Illuminant C

Standard illuminant C.used.

D55 Illuminant

D55 illuminant/ised.

D65 Illluminant

D65 illuminant used.

D75 Hluminant

D75 illumipant used.

COLOR_TEMP:

FOCAL_LENGTH:

FLASH:
FLASH_ENERGY:

FLASH_RETWRN:

Colour temperature. This element specifies the actual colour te
value of.the scene illuminant stored in units of Kelvin.

mperature

Thiselement specifies the lens focal length used to capture the ifnage. The

focal length may be specified by using a single number, for a f]
length lens or a zoom lens, if the zoom position is known. The va
element is stored in meters.

This element specifies whether flash was used at image capture.

This element specifies the amount of flash energy that was
measurement units are Beam Candle Power Seconds (BCPS).

This element specifies whether the camera judged that the flas
effective at the time of exposure.

xed focal
lue of this

ised. The

h was not

BACK LIGHT: This element specifies the camera's evaluation of the lighting copditions at
the time of exposure. Table N.12 lists BACK_LIGHT valueg used 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.

© ISO/IEC 2021 - All rights reserved
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SUBJECT_POSITION: This element specifies the approximate position of the subject in the scene.
See Position Type for the format of this element.
EXPOSURE_INDEX: This element specifies the exposure index setting the camera selected.
AUTO_FOCUS: This element specifies the status of the focus of the capture device 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.
Auto Focus Interrupted The image was captured before the camera had successfully focused on the subject.

Near Focused

The camera deliberately focused at a distance closer than the subject to allow for the super-

TMpOSITIoN OF a focused Toreground SUDJect.

Soft Focy

sed The camera deliberately did not focus exactly at the subject distance to create a softerima
(commonly used for portraits).

pe

Manual The camera was focused manually.

SPECIAL_EFFECT: Special Effects. This element specifies the types/of special effécts filters
used. It contains a list of filter elements, wherethe order of the elements in
the array indicates the stacking order of-the filters. The first vdlue in the
array is the filter closest to the origingl seene. This element spgcifies the
special effect filter used. Legal values are Coloured, Diffusign, Multi-
Image, Polarizing, Split-Field, Star.

CAMERA_LOCATION: This element specifies the location of the camera when the picture was
taken. See Location Type forthe format of this element.

ORIENTATION: This element specifiesthe orientation of the camera when the p|cture was
taken. See Directiondype for the format of this element.

PAR: Print aspect ratie,jThis element specifies the print aspect ratio specified by
the user whepsthe picture was taken.

N.6.1.8 [Scanner Capture metadata
This elemeent specifies scanner capture metadata that-may be used for various scanners such as flatbed and film{ scanners.
It optionally contains scanner information, deviee characterization and scanner capture settings. This element may contain
the sub-elpments listed below. See also Figure*N.14.
<xsd:element name="SCANNER CAPTURE">
<xsd:complexType>
<xsd:sequencex
<xsd:elemént) ‘name="SCANNER INFO" type="jp:tProductDetails" minOccurs="0"/>
<xsd:elelmeht name="SOFTWARE INFO" type="jp:tProductDetails" minOccurs="0"/>
<xsd:ellement ref="jp:SCANNER SETTINGS" minOccurs="0"/>
</xsd:Sequence>
<xsdgattribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsdicomplexType>
</xsdvelement>
Figure N.14 — Schema of the Scanner Capture metadata

SCANNER_INFO: Scanner information. This element specifies information about a particular
scanner that was used to digitize an image item. It is recommended that
applications are able to create a unique value of the scanner by combining
all elements. See Product Details type (clause N.7.1.21) for the format of
this element.

SOFTWARE_INFO: Software information. This element specifies information about the
software or firmware used to capture the image. See Product Details type
(clause N.7.1.21) for the format of this element.

SCANNER_SETTINGS: This element specifies the scanner settings used when the image was
scanned. The syntax of this element is specified in clause N.6.1.9.
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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: This element specifies the pixel size, in meters, of the scanner:

PHYSICAL_SCAN_RES: Physical scan resolution. These elements specify the physicall scanning
resolution of the device (not the interpolated resolution of‘the fihal output

data) in the X (width) and Y (height) directions.,The valug 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.created the original imagg. See also
Figure N.[L6.

<xsd:element name="SOFTWARE CREATION">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="SOFTWARE INFO" type="Jp:tProductDetails"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

Figure N.16 — Schema of the’Software Creation metadata

SOFTWARE_INFO: Software, information. This element specifies information fbout the

software that created the original image. See Product Details type (clause
N.7:1.21) 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 gontain the
sub-elemgnts listed below. See also Figure N.17.

<xsd:element namg="CAPTURED_ ITEM">
<xsd:complexType>
<xsd:séguénce>
<xsdrchoice>
<{¥Xsd:element ref="jp:REFLECTION PRINT" minOccurs="0"/>
<xsd:element ref="jp:FILM" minOccurs="0"/>
</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
deottrilbute rof="vml .l
</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 |

isted below. See also Figure N.18.

<xsd:element name="REFLECTION_ PRINT">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="DOCUMENT SIZE" type="jp:tDoubleSize" minOccurs="0"/>
<xsd:element name="MEDIUM" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Continuous Tone Image"/>
<xsd:enumeration value="Halftone Image"/>
<xsd:enumeration value="Line Art"/>
</xsd:restriction>
</xsd:simpleType>

N.6.1.13

Thiselem
See also H

Li. Clblubllb
<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

igure N.19.

<xsd:element(hame="FILM">
<xsd:complexType>
<xsd:seguence>
<x6d:element name="BRAND" type="Jjp:tProductDetails" minOccurs="0"/>
<xsd:element name="CATEGORY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Negative B/W"/>

DOCUMENT_SIZE: This element specifies<the lengths of the X (width) and Y (height)
dimension of the original photograph or document, respectijely. The
values of these elemeénts are given in meters.

MEDIUM: This element specifies the medium of the original photograph, ¢locument,
or artifact, Legal values include Continuous Tone Image, Halftone Image,
and Line Art.

RP_TYPE: Reflection print type. This element specifies the type of thg original
doctiment or photographic print. Legal values include B/W Pript, Colour
Print, B/W Document, and Colour Document.

Film metadata

ent specifies information on the film that was digitized. This element may contain the sub-elements lisfed below.

<xsd:enumeration value="Negative Color"/>

228

<xsd:enumeration value="Reversal B/W"/>
<xsd:enumeration value="Reversal Color"/>
<xsd:enumeration value="Chromagenic"/>
<xsd:enumeration value="Internegative B/W"/>
<xsd:enumeration value="Internegative Color"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="FILM SIZE" type="jp:tDoubleSize" minOccurs="0"/>
<xsd:element name="ROLL 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:

CATEGORY:

FILM_SIZE:

ROLL_ID:

This element specifies the name of the film manufacturer. See Product
Details type (clause N.7.1.21) for the format of this element.

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).

This element specifies the size of the X and Y dimension of the film used,
and the unit is in meters.

This element specifies the roll number or ID of the film. For some film,
this number is encoded on the film cartridge as a bar code.

N.6.2

The Cont
informati
contain th

FRAME_ID:

F1ILM_SPEED:

Content Description metadata

ent Description metadata describes

<xsd:complexType>
<xsd:sequence>

<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
<xsd:element ref="jp:
</xsd:sequence>
<xsd:attribute ref="3p:

</xsd:complexType>
</xsd:element>

GROUP_CAPRTION:

CAPTION:

<xsd:element name="CONTENT

<xsd:element name="GROUP CAPTION" type="jp¢tLangString" minOccurs="0"/>
<xsd:element name="CAPTION" type="jp:tLafigString" minOccurs="0"/>
<xsd:element name="CAPTURE TIME" type=¥jpY¥tDateTime" minOccurs="0"/>
<xsd:element name="LOCATION" type="jpwtlocation" minOccurs="0"/>

<xsd:attribute refxMxml:lang"/>

Figure N.20 — Schema of the Content Description metadata

This element specifies the frame number or ID of the frame digifized from
the roll of film.

This element specifies the film speed of the film. This.element isjmeasured
in the arithmetic scale specified in ISO 12232.

the content of the information captured jn the image. Those ard semantic

n typically requiring user input. The value of such information increases’ as-time passes. This element may
e sub-elements listed below. See also Figure N.20.

DESCRIPTION">

PERSON" minOceuhs="0" maxOccurs="unbounded"/>
THING" minOccu¥s="0" maxOccurs="unbounded"/>
ORGANIZATIONY minOccurs="0" maxOccurs="unbounded" />
EVENT" mifQccurs="0" maxOccurs="unbounded"/>

AUDIO" minOccurs="0" maxOccurs="unbounded" />
PRORERIY" minOccurs="0" maxOccurs="unbounded" />
DICTIONARY" minOccurs="0" maxOccurs="unbounded"/>
COMMENT" minOccurs="0"/>

TIMESTAMP" />

This element specifies the subject or purpose of the image. |t may be
additionally used to provide any other type of information relgted to the
image.

This element specifies the subject or purpose of the image. |t may be
additionally used to provide any other type of information relgted to the

CAPTURE_TIME:

LOCATION:

PERSON:

© ISO/IEC 2021 - All rights reserved

image.

This element specifies the time and date the image was initially generated.
This may be different to the capture device date where the capture device
is a scanner that scans the image at a different time to when it was initially
captured. See DateTime type (clause N.7.1.8) for the format of this
element.

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 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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N.6.2.1

This elem

N.6.2.2

This elem
Monumer

230

THING:

ORGANIZATION:

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: Event description. This element specifies events depicted in the image. The
syntax of this element is specified in clause N.6.2.4.

AUDIO: This element specifies audio streams associated with an image. The syntax
of this element is specified in clause N.6.2.7.

PROPERTY: 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: This element specifies a dictionary of a property. The syntax of this
element 15 specified in clause N.6.2.9.

COMMENT: This element specifies user- and/or application-defined irirormation
beyond the scope of other properties in this group. See Comment element

Person Description metadata

<xsd:element name="PERSON">
<xsd:complexType>
<xsd:complexContent>

<xsd:sequence>

</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

POSITION:

LOCATION:

PROPERTY:

Thing Déscription metadata

<xsd:extension base="jp:tPerson">

<xsd:element name="POSITION" type="jp:fPosition" minOccurs="0"/>

<xsd:element name="LOCATION" type="jp:tlLocation" minOccurs="0"/>
<xsd:element ref="jp:PROPERTY" minQgclrs="0" maxOccurs="unbounded" />

Figure N.21 — Schema’of the Person Description metadata

(clause N.7.3.1) for the format of this element.

ent specifies a person within an image. See Person type (clause N.7.1.13) for the format of this elemhent. This
element npay contain the sub-elements listed below. See also Figure N.21.

This element specifies the position of the person within the ifnage. 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 Locdtion type
(clause N.7.1.15) for the format of this element.

This element specifies additional information describing the pgrson. See
Property metadata (clause N.6.2.8) for the format of this element.

ent, specifies the names and/or properties of tangible things depicted in the image (for example, Washington
t).af of abstract regions. This element may contain the sub-elements listed below. See also Figure NJ22.

<xsd:element name="THING">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:element name="POSITION" type="jp:tPosition" minOccurs="0"/>
<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>

Rec. ITU-T T.801 (06/2021)
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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.6.2.3

This elem
image. Se
listed belg

PROPERTY: The Thing also contains multiple Propertys. These Propertys describe the
thing—See—Property metadata—(ctatse—N-6:2-8—for—the—formpt of this
element.

THING: Sub-thing description. The Thing element may contain zere-or imore Thing
elements, with the interpretation that these are sub-things of the ¢ontaining
thing.

ID: This element is the identifier attribute for the Thing.

Organization Description metadata

ent specifies an organization depicted within an image. This description ¢an.also be used to describe
e Organization type (clause N.7.1.14) for the format of this element. This glement may contain the sul
w. See also Figure N.23.

<xsd:element name="ORGANIZATION">
<xsd:complexType>
<xsd:complexContent>
<xsd:extension base="jp:tOrganization">
<xsd:sequence>
<xsd:element name="POSITION" t§pe="jp:tPosition" minOccurs="0"/>
<xsd:element name="LOCATION" 4ype="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 ~:Sehema of the Organization Description metadata

POSITION: This element specifies the position of the organization within t
See Position type (clause N.7.1.17) for the format of this elemer

LOCATION: This element specifies the physical location of the organiza
element does not specify the relative position of the organiz
Location type (clause N.7.1.15) for the format of this element.

PROPERTFY: This element specifies additional information describing the orgd
See Property metadata (clause N.6.2.8) for the format of this ele

the entire
-elements

he image.
t.

ion. This
htion. See

anization.
ment.

N.6.2.4

vent nn':rrir\finn metadata

This element specifies a description of the event depicted in the image. An Event is the most likely reason why an image
is captured. This element may contain the sub-elements listed below unless otherwise stated. See also Figure N.24.

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

231


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

ISO/IEC 15444-2:2021 (E)

<xsd:element name="EVENT">

<xsd:complexType>

<xsd:sequence>

<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:

<!I--
<xsd

element name="EVENT TYPE" type="jp:tLangString"/>

element name="DESCRIPTION" type="jp:tLangString" minOccurs="0"/>
element name="LOCATION" type="jp:tLocation" minOccurs="0"/>

element name="EVENT TIME" type="jp:tDateTime" minOccurs="0"/>

element name="DURATION" type="xsd:duration" minOccurs="0"/>

element ref="jp:COMMENT" minOccurs="0"/>

element ref="jp:PARTICIPANT" minOccurs="0" maxOccurs="unbounded" />
element ref="jp:EVENT RELATION" minOccurs="0" maxOccurs="unbounded"/>
Sub-events -->

:choice minOccurs="0" maxOccurs="unbounded">

<xsd:element ref="jp:EVENT"/>
<xsd:element name="EVENT REF" type="xsd:string"/>

</xsd:choice>
</xsd:sequence>

LOCATION:

DURATION:
COMMENT:

EVENT:

<xsd:attribute name="ID" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.24 — Schema of the Event Description metadata

EVENT_TYPE:

DESCRIPTION:

EVENT_TIME:

PARTICIPANT:

EVENT_RELATION;

Event type. If there is an Event or Sub-event element, the H
element shall exist. The Event type element may occur only oncg
level of an Event tree or Sub-event branch.

This element specifies a description’ of the event. This element
describe an event in text humaniréadable format.

This element identifies the-physical location of the Event ar]
position within the image. See Location type (clause N.7.1.15
information on this €lement.

Event date and.time. This element specifies the start time of the
DateTime type (clause N.7.1.8) for the format of this element.

This element specifies the duration of the Event.
This ~element specifies user- and/or application-defined in

vent type
in a node

is used to

d not the
for more

bvent. See

formation

beyond the scope of other properties in the Event. See Commerjt element

(clause N.7.3.1) for more information on this element.

This element specifies the participants of the event. A participan
Person, an Organization or a Thing. The syntax of this element i
in clause N.6.2.5.

Event relationships. This element specifies relationships to oth
The syntax of this element is specified in clause N.6.2.6.

Sub-events. The Event element may contain one or more
elements of the encompassing event. A Sub-event element ma
Sub-events. The sub-event element may be either contained
event element, or referenced:

Sub-event description.

may be a
specified

er events.

Sub-event
y contain
vithin the
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EVENT REF:

of the other Event elements.

This element specifies the unique identifier for the Event.

ink to one
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Participant metadata

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>

N.6.2.6

This elem
sub-event
Figure N.

Li.dl_l_LJ..lJLll_b LITL= Hll.ldllg
</xsd:complexType>
</xsd:element>

Figure N.25 — Schema of the Participant metadata

ROLE: This element specifies the role of the participant within the even

OBJECT_REF: Object reference. This element is a reference.te’a participant. Th
is a link to one of the Person, Organization or Thing elements
Content Description metadata.

PERSON: This element specifies a Person Who is a participant of an eve
depicted within the image. Seg¢-Person description metadata (

N.6.2.1) for the format of this.element.

THING: This element specifies_ a/Thing that is a participant of an eve
depicted within theimage. See Thing description metadata (
N.6.2.2) for the format of this element.

ORGANIZATION: This element spécifies the Organization that is a participant of ar
not depicted Within the image. See Organization description met
clause N.8.2.3) for the format of this element.

Event Relationship metadata

ent specifies relationships to other events. These are used for relationships between events that are n
5 of each other. An example of alrelationship might be a link to a previous event of the same type
D6.

<xsd:element name="EVENT_ RELATION">
<xsd:complexTypeX
<xsd:sequence>
<xsd:efement name="RELATION" type="jp:tLangString" minOccurs="0"

maxOccurs="uwnPbounded" />
<x&d:element name="EVENT REF" type="xsd:string" maxOccurs="unbounded"/>
</ xsd:sequence>
<¢xsd:complexType>
<{xgd:element>

t.

s element
vithin the

ht yet not
ee clause

ht yet not
ee clause

event yet
adata (see

Dt directly
See also

= AR Sl ol = P DS Lo P D
FTYUTe IN.2U = OUTIEITIa UT U1E LVETIU IREIAUUTISTITY TTHetaldlad

RELATION: This element specifies a description of the relationship(s) to the other
event(s).
EVENT_REF: Event reference. This element is a reference to related events. This element

is a link to one of the other Event elements within the Event d
metadata.

N.6.2.7 Audio metadata

escription

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>

Figure N.27 — Schema of the Audio metadata

N.6.2.8

This elem
optionally
value. Th
contain th

(clause N.7.3.1) for more informatien on this element.

Property metadata

ent specifies a description of an image or an object within an image. This element shall contain a nam

contain a value and sub-property elements. A Property is either a single word or a small phrase and a
b property is a non-exact language-specific definition 6f the image or part of the image. This ele
e sub-elements listed below. See Figure N.28.

<xsd:element name="PROPERTY">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="NAME" type="jp:tLangString" minOccurs="0"/>
<xsd:element name="VALUE"\Eype="jp:tLangString" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
<xsd:element ref="jpsPROPERTY" minOccurs="0" maxOccurs="unbounded" />
</xsd:sequence>
<xsd:attribute namez!DICT REF" type="xsd:string"/>
<xsd:attribute r&f="9p:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexTybe>
</xsd:element>

Figure N.28 — Schema of the Property metadata

NAME: This element specifies the name of the Property.

VALUE: This element specifies the property value. A Property that contai
cannot contain sub-property elements.

format of

AUDIO_STREAM: This element specities an URI reference to an audio stream. The
the stream is not defined.
AUDIO_FORMAT: Audio Stream Format. This element specifies the name 6fjthe audlio stream
format. For example, AIFF, MIDI, MP3 and WAV.
MIME_TYPE: This element specifies the Internet media type ofithe audio file.
DESCRIPTION: This element specifies a description of the audio Stream.
COMMENT: This element specifies user- and/or capplication-defined in

formation

beyond the scope of other properties_ifythe Audio. See Comment element

b and may
h optional
ment may

ns a value

N.6.2.9

beyond the scope of other propertie
(clause N.7.3.1) for more information on this element.

formation

s in the Property. See Comment element

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

(see clause N.6.2.9).

Dictionary Definition metadata

This element specifies the name of a dictionary. A Property may be defined using a specific dictionary. The advantage of
this is that there is a single definition for each Property metadata, and that two different Property metadata annotations
are not used to define the same thing. See Figure N.28.
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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.

<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:

</xsd:complexType>
</xsd:element>

|y

lang"/>

Fall
—HgeHe-

e N-29  Schema-ofthe Dir\fir\nar\][ Definition-metadata

Totroror

DICT_NAME: Dictionary name. This element specifies the name of the dictionpry.
COMMENT: This element specifies user- and/or application-defined infformation
beyond the scope of other properties in the Dictionary. See [Comment
element (clause N.7.3.1) for more information on'this element.
DICT_ID: Dictionary ID. This element specifies the~Unique identifiey for the
dictionary.
N.6.3  [History metadata
The Histgry element contains a summary of basic image editing operations that,have already been applied to fthe image
and previgus version(s) of the image metadata. The History metadata is not.designed to be used to reverse (unflo) image
editing operations. This element may contain the sub-elements listed below) See Figure N.30.
<xsd:element name="HISTORY">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:PROCESSING SUMMARY" minOccurs="0"/>
<xsd:element ref="jp:IMAGE PROCESSING HINTS" minOccurs="0"/>
<xsd:element ref="jp:METADATA" 45
<xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang%/>
</xsd:complexType>
</xsd:element>
Figure-N.30 — Schema of the History metadata
PROCESSING_SUMMARY:: This element specifies a list of operations previously applied to[an image
during the course of its workflow. The syntax of this element i specified
in clause N.6.3.1.
IMAGE_PROCESSING_HINTS: This element specifies a list of the operations previously performed when
editing an image. The syntax of this element is specified in clauge N.6.3.2.
METADATA: Previous metadata. This element specifies a previous versipn of the
metadata that may include metadata about portions of an imagg¢ that was
deleted (e.g., cropped). The syntax of this element is specified| in clause
N.6.3.1 Processing Summary metadata

This element specifies a list of the operations performed over the life of the image, listing the operations performed and
not the ordering or the number of times each operation is performed.

The processing summary defined below should be considered potential and in all likelihood partial information. That is
because the presence of a particular hint, such as "Image Cropped,” indicates that the image has been cropped. However,
absence of a "Image Cropped" hint is no assurance that the image has never been cropped. This element may contain the
sub-elements listed below. See Figure N.31.
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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/>
</xsd:element>
<xsd:element name="IMG STC ADJ" minOccurs="0">
<xsd:complexType/>

</xsd:element>
<xsd:element name="IMG_SPATIAL_ADJ" minOccurs="0">
<xsd:complexType/>
</xsd:element>
<xsd:element name="IMG_EXT 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 Processing Summary metadata

IMG_CREATED:

IMG_CROPPED:
IMG_TRANSFORMED:

IMG_GTC_ADJ:

Digital image created. The presence of this element indicates that
was created by a metadata-aware application or process. Where
of gperations are performed in the creation of an image (such as
borders), then these operations should be summarized using Dig
Created operation and not listed independently. This element is
useful to show truncation of image metadata. Where this elem
present, the full history of the metadata is known to be in
Presence of this element does not show that the metadata
complete though.

Image cropped. The presence of this element indicates that
editing application, program, or system has cropped the image.

Image Transformed. The presence of this element indicates that
has been transformed.

Global Tone/Colour Adjustment. The presence of this element

the image
a number
removing
tal Image
pspecially
ent is not
complete.
history is

an image
an image

indicates

that a contrast or density adjustment has been applied to the ima|

he, or that

IMG_STC_ADJ:

IMG_SPATIAL_ADJ:
IMG_EXT_EDITED:

IMG_RETOUCHED:

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

the 1mage colouring has been adjusted.

Selective Tone/Colour Adjustment. The presence of this element indicates
that a contrast or density adjustment has been applied to a selected region

of the image.

Global Spatial Adjustment. The presence of this element indicates that the
image has been sharpened, or compressed, or blurred, or re-sampled.

Pixels Extensively Edited. The presence of this element indicates

the image

has been edited extensively — enough to change the captured scene content.

Image Retouched. The presence of this element indicates the image pixels
have been edited to remove scratches or red-eye, or other 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.

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
operations (and their order) can be generated by combining all Image Processing Hints metadata within a Metadata
History tree.

The Imag
Summary|
field and

below shg
"Image C
However,

N.6.3.3

This elem
element i

b Processing Hints element contains the same elements as the Processing Summary metadata. See R
(clause N.6.3.1) for the definition of each element. Each sub-element may appear more than ence'w
bach element may contain a textual description of the operation. The Image Processing Hints metadal
uld be considered potentially partial information. That is because the presence of a particular hin
opped," indicates that the image has been cropped and other metadata may have been omitted at the s
absence of an "Image Cropped™ hint is no assurance that the image has never been ¢ropped. See Fig

<xsd:element name="IMAGE PROCESSING HINTS">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="MODIFIER" type="jp:tProductDetailg’miOccurs="0"/>
<xsd:choice minOccurs="0" maxOccurs="unbounded">
<xsd:element name="IMG CREATED" type="jp:tLangString"/>
<xsd:element name="IMG CROPPED" type="jp:tLdngString"/>
<xsd:element name="IMG TRANSFORMED" type="jp:tLangString"/>
<xsd:element name="IMG GTC ADJ" type="jpitLangString"/>
<xsd:element name="IMG STC ADJ" type="gp}tLangString"/>
<xsd:element name="IMG SPATIAL ADJ" &ype="jp:tLangString"/>
<xsd:element name="IMG EXT EDITED"\bkype="Jjp:tLangString"/>
<xsd:element name="IMG RETOUCHED\tfype="jp:tLangString"/>
<xsd:element name="IMG COMPOSITED" type="Jjp:tLangString"/>
<xsd:element name="IMG METADATAY™ type="jp:tLangString"/>
</xsd:choice>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
</xsd:element>

Figure N.82 > Schema of the Image Processing Hints metadata

MODIFIER: This element specifies the application (most probably softw
performed the operations listed in Processing Summary (clausd
See Product Details type (clause N.7.1.21) for the format of this

Previous metadata

defined along with the History metadata (Figure N.30).

Each time

rocessing
ithin each
fa defined
t, such as
ame time.
ire N.32.

are), that
N.6.3.1).
element.

ent contains a previous version of the metadata (including previous History metadata). The format of this

anov imann dc orantad ac o vocult Af aditina an pmann ar comhinina covaral tmanac cama of tho matd
TCTTC YT coTTT o CoTtTTg o T oot v erorT OTtrc-TTeT

data from

CroCreattoTo ™ T A4 oGO coTTT Ve oYt o ooTTTe:
g J J J A

the previous image(s) may be moved to or referenced by the image history metadata. The contributing image(s) Image
Creation, Content Description, History and IPR metadata may be recorded in a Previous metadata element. Careful
consideration shall be made with regards to this previous metadata, particularly previous IPR metadata. See Figure N.33.
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N.6.3.4

This elem

elements

238

<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="j

p:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>
</xsd:element>

Figure
ASIC IMAGE PARAM:

N.33 — Schema of the Previous metadata

This element specifies references to previous versions of the image. The

IMAGE_CREATION:
CONTENT_DESCRIPTION:
HISTORY:

IPR:

Image Referencing metadata

isted below. See Figure N.34.

<xsd:complexType>

<xsd:sequence>
<xsd:element name="
<xsd:complexType>
</xsd:sequence>
<xsd:element
<xsd:comple

<xsd:element name="BASIC IMAGE PARAM">

</xsd:sequence>

syntax of this element is specified in clause N.6.3.4.

This element specifies the image creation information. The,synfax of this
element is specified in clause N.6.1.

This element specifies the content description information. The|syntax of
this element is specified in clause N.6.2.

This element specifies previous history metadata. The syntgx of this
element is specified in clause N.6.3.

This element specifies image intellectual property. The syntax of this
element is specified in clause N.6@.

ent specifies information for referencing previous versions ©f the image. This element may contaip the sub-

BASIC IMAGEMINEFO" minOccurs="0"/>

name="FILE FORMAT " minOccurs="0"/>
xType>

<xsd:eldment name="FILE NAME" type="xsd:anyURI" minOccurs="0"/>
<xsd:rgllement name="FORMAT TYPE" type="xsd:string" minOccurs="0"
<xgd:element name="NIME TYPE" type="xsd:string" minOccurs="0"/>

<xsdtel

<xso:comple
</xsd:element
<xsd:element
<Yxsd:sequence>
<xsd:attribute
<xsd:attribute
<xsd:complexType>
</xsd:element>
</xsd:sequence>
<xsd:attribute ref="j

<¥xsd:sequence>

ement name="VERSION" type="xsd:string" minOccurs="0"/>
xType>

>

ref="jp:IMAGE ID" minOccurs="0"/

ref="jp:TIMESTAMP"/>
ref="xml:lang"/>

p:TIMESTAMP" />

dTacttripute rer—
<xsd:complexType>
</xsd:element>

It Iang

Figure N.34 — Schema of the Image Reference metadata

FILE_NAME:
FORMAT _TYPE:
MIME_TYPE:
VERSION:
IMAGE_ID:

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

This field specifies the name of an image file.

File Format Type. This field specifies the file format of the image.
This field specifies the Internet media type of the image file.

This field specifies the version of the file format.

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
may apply within any particular jurisdiction.
NOTE — Implementors should take into account the Berne Convention for the Protection of Literary and Artistic Works, World
IntelleqtUal Property Organization Copyrignt Treaty and other WIPO publications, 1T appropriate.

This element may contain the sub-elements listed below. See Figure N.35.

<xsd:element name="IPR">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="jp:IPR NAMES" minOccurs="0"/>
<xsd:element ref="jp:IPR DESCRIPTION" minOccurs="0"/>
<xsd:element ref="jp:IPR DATES" minOccurs="0"/>
<xsd:element ref="jp:IPR EXPLOITATION" minOccurs="0"/>
<xsd:element ref="jp:IPR IDENTIFICATION" minOccurs="Q%/>,
<xsd:element ref="jp:IPR CONTACT POINT" minOccurs=1QN/>
<xsd:element name="IPR HISTORY" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="Jjp: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 of'the Intellectual Property Rights metadata

IPR_NAMES: This element specifies names related to the represented image. The syntax
of this element is specified in clause N.6.4.1.

IPR_DESCRIPTION: This element specifies the description of the content such as thg title and
caption. The syntax of this element is specified in clause N.6.4.4.

IPR_DATES: This element specifies the IPR-related date information. The syntax of this

element is specified in clause N.6.4.3.

IPR_EXPLOIFATION: This element specifies exploitation information such as type of grotection,
use restriction and obligations to exploit an image. The syntax of this
element is specified in clause N.6.4.4.

IPRMDENTIFICATION: This element specifies an identifier of an image that is a link fo a place
where additional information is kept. The syntax of this glement is
specified in clause N.6.4.6.

IPR_CONTACT_POINT: This element specifies the contact point of the right holder. The syntax of
this element is specified in clause N.6.4.9.
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>

'\1 . ClClLLCll C 4l = ;rr\irr_.r\oum
<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:ste¥hg"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>

<xsd:element name="IPR NAME REF">
<xsd:complexType>
<xsd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</xsd:simpleContent>
</xsd:complexType>
</xsd:element>

Figlre N.36 — Schema of the IPR Names metadata

IPR_PERSON: Person. This element specifies the person description. See Pdrson type
(clause N.7.1.13) for the format of this element.

IPR_ORG: Organization. This element specifies the organization description. See
Organization type (clause N.7.1.14) for the format of this elemept.

IPR_NAME_REF: Name reference. This element specifies a reference to a person or
organization within the IPR metadata.

DESCRIPTION: This element is the description of the name. Table N.14 lists suggested

values 1or this element which have the Tollowing meaning.
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Table N.14 — Name description values

Value

Meaning

Original Work Author This value specifies that the element is the name of the author who created the original 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 original
work author may be "anonymous."

Image Creator

This value specifies that the element is the name of the image creator.
The image creator may be, for example, the photographer 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

previous right holder in a transaction which usually has been registered officially.

end user in a pay-per-view process. The right holder has acquired the rights from the creator or

Represen|

ed Individuals | This value specifies that the element is the name of an individual shown in the image.

This may be used as a description of the image or because privacy rights may require that|ind
depicted grant consent to publish their image. In such an example, this descriptive element m
in restriction of use for the image, as well as describing the image contents.

viduals
y result

N.6.4.2

This elem
content of
understan
format is

IPR Description metadata

ent specifies the description of the content. It may be desirable to have a complementary explanation|

the image in order to exploit the content. For instance, a technical description of the content may he
Hing and, therefore, valuing the content of an image (e.g., circumstances uhder which the image was t3
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:tlangString" minOccurs="0"/>
<xsd:element name="IPR LEGEND" type="jgstFangString" minOccurs="0"/>
<xsd:element name="IPR CAPTION" types%jp:tLangString” minOccurs="0"/>
<xsd:element name="COPYRIGHT" types!jp:tLangString" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP!AX
<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
that may be used, for instance, as a caption when printing. When
creates the title, he may add meaning to the image. However, tit
necessarily significant of IPR. This is determined on a case-by-g

e.g., at the back of a photograph, written by the photograph
classify the photos. It is generally a more detailed or technical d
of what appears in the image. This element may answer the
"why?" An example is saying, "image taken at dawn to test a
zoom on stand."

about the
p users in
ken). The

S a string
the author
es are not
ase basis.

IPR_LEGEND: Legend. This element specifies the legend, a caption added to the picture,

r to later
escription
question,
135 mm.

IPR_CAPFP TTON: Caption. Tnis element specities the caption or the 1mage. In

s element

addresses the text which has been added as complementary information to

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>

<xsd:sequence>
<xsd:element name="IPR DATE" maxOccurs="unbounded">

</xsd:complexType>
</xsd:element>

eomrtexFyr
<xsd:complexContent>
<xsd:extension base="jp:tDateTime">
<xsd:attribute name="DESCRIPTION" type="xsd:string"/>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>
</xsd:element>
</xsd:sequence>

Figure N.38 — Schema of the IPR Dates metadata

IPR_DATE: The date element contains a date of arbitrary precision. See Date[lime type

(clause N.7.1.8) for the format of this element. The commerjt element
defined in the DataTime‘type may be used for describing more information
on the element.

DESCRIPTION: This element is thexdescription of the date. The precision of IPR Dates may

vary in accuracy depending on the age of the operation or item|and other
information.known at the time of the metadata generation. Table[N.15 lists
suggestedvalues for this element which have the following meahing.

Table N:15 — Date description values

Value

Meaning

Original

Vork Creation | This value specifies that the element is the date that the original work was created. All types df dates

may appear here, as stated above.

Picture Thken This value specifies that the element is the date that the picture was taken. Some digital camefas insert
this(information automatically.

Scanned This value specifies that the element is the date that the image was scanned.

Processe This value specifies that the element is the date that the image was processed.

Modified This value specifies that the element is the date when any kind of modification was made to the

original work. This element will store the most recent modification date. Although it is valid fo have
more than one modification date in this section, it would be more common that the entire IPR|is

updated during the modification, and the previous modifications moved to the IPR history. THe
pracessing tool may generate this date automatically

Last Modified

This value specifies the last date the image was modified. This date should be easily found, because
there may be either an automatic process putting this element and replacing the previous "last
modification" as a "history element" or a manual process where the 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.
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<xsd:element name="IPR EXPLOITATION">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR PROTECTION" type="jp:tLangString" minOccurs="0"/>

:2021 (E)

<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

IPR PROTECTION: This element either indicates that there is a watermark, that the image is

N.6.4.5

IPR Man
Copyrigh
system. A
owner of
charge thd
stored on

recommended, there shall be-a link to where all information about it is kept. This element may contain the sub

listed belg

registered, or that the image is protected by some other means,
zero specifies that the image is not protected and contains‘no. W
Values between 1 and 255 are reserved. Other valuescmay ex
element is not present, then the watermark content™(or its pr:
undefined.

IPR_USE_RESTRICTION: This element specifies the use restrictions of an”image. Use r
may apply to an image that is not allowed outside the factory for
applications, or for which exclusive rights of copy have been de
a unique agency, or for which prior atthorization of represented
mandatory before publishing. Otherrestrictions may exist.

IPR_OBLIGATION: This element specifies the obligations of exploiting an image. ¢
may concern any mandatory:condition for exploiting the conten

\ value of
atermark.
st. If this
bsence) is

bstrictions
industrial
legated to
people is

Dbligation
f of a file.
ritten on

For example, the copyright information may be required to be
the side of any printout for photographs; other obligations may ¢
need to get allowance from persons represented on a picture if
is published. Obligations may vary with time. For example,
forbidden to publish a photograph before a given date, etc.

IPR_MGMT_SYS: IPR management system. This element specifies what managems
is used..Jhe syntax of this element is specified in clause N.6.4.5
IPR Management System metadata

hgement Systems such as IPMP, (Intellectual Property Management & Protection) or ECMS (
Management System) use thes€ elements to determine where information is kept regarding the ma

ncern the
e picture
t may be

nt system

Electronic
nagement

n example use of these elements is to track the usage of an image. During transfer, an agency deteimines the

he image from the management systems elements. It already knows the consumer, and uses this info
user and credit the owner the amount as determined by the management system. This information is g
a server describing_the IPR of the image, and depending upon whether IPR licensing is mar]

w. See FigurésN.40.

<xsd¢element name="IPR MGMT_ SYS">
<Xsd@:complexType>
<xsd:sequence>
<xsd:element name="IPR MGMT TYPE" type="xsd:string" minOccurs="0"/>

mation to
ommonly
datory or
-elements

deelement name="TPR MCGMT SVS TD" fypno=" destring" minQccoprs="0"

<xsd:element name="IPR MGMT SYS LOCATION" type="xsd:anyURI" minOccurs="0"/>
</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>
<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attribute ref="xml:lang"/>

=i (ot Txzo
ing I

</xsd:element>

Figure N.41 — Schema of the IPR Identification metadata

IPR_IDENTIFIER: Generic IPR identifier. This element contains_a\ygeneric purpose IPR
identifier. The syntax of this element is specified \in clause N.6.4.7.
LICENCE_PLATE: This element specifies License plate of the_eontent. The syntpx 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 N.42.

<xsd:element name="IPR IDENTIFIER">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPR ID MODE" type="9p:tLangString" minOccurs="0"/>
<xsd:element name="IPR ID" type="jp:kbangString" 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 deqcribes the
content of this element.

N.6.4.8 [License Plate metadata

This elenjent specifies the license plate of the original image, defined in ISO/IEC 10918-3. The combinat|on of the
elements [n the license plate-eontains a globally unique identifying sequence of numbers. This element may cpntain the
sub-elemgnts listed below: See Figure N.43.

<xsd¢kelement name="LICENCE PLATE">
<Xsd:complexType>
<xsd:sequence>

<xsd:element name="LP COUNTRY" type="xsd:string" minOccurs="0"/>
deelement—name="LR REC AUT" tyungayod:string" minQccurstQn

<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">
d-ﬁmmpTa Type
<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 persenidescription. The syntax of th{s element
is specified in clause N.6.4.1¢

IPR_ORG: Organization. This element-specifies the organization descrigtion. The
syntax of this elementqs,Specified in IPR Names (see clause N.§.4.1).

IPR_NAME_REF: Name Reference.. This element specifies a reference to a person or

organization within'the IPR metadata. This element is a link to pne of the
Person or QOrganization elements within the IPR Names | metadata
(see clauseN.6.4.1).

DESCRIPTION: This element is the description of the contact point that is an pdditional
value<for the person or organization in Table N.14. The valug listed in
Table N.16 is added and has the following meaning.

Table:N-16 — Additional name description values

Value Meaning

Collectiop This value is a link to a collector, museum, group, institution, etc.
Tihe contact 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 Intellectua) Property
Rights mqtadata-(Figure N.35).

Each timethe TPR Information of an image IS changed, some of the IPR metadata defined through clause N.6.4.1 and
clause N.6.4.9 may be moved to this IPR History metadata element. The IPR History metadata stores all IPR metadata-
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

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 element
asa UR]

N.7 Fundamental type and element definitions

XML Schema Part 2 defines many built-in and derived datatypes; however, they are not sufficient to specify various
metadata plements defined in this Recommendation | International Standard. This clause defines\the common|types and
elements that are referenced within other metadata boxes. The types and elements defined are intended only to pe used or
referred tg in other schemas, and have no intrinsic significance.

N.7.1  [Defined types

N.7.1.1 [Non-negative double type
This typelis 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 ef\the non-negative double type

N.7.1.2 [Rational type

This typelis used to define rational numbersxlt’contains an enumerator and denominator in a single string. §ee Figure
N.47.

<xsd:simpleType name=""tRational">
<xsd:restrictipn®base="xsd:string">
<xsd:pattemn\walue=" (\-|\+)2[0-9]+/[0-9]+"/>
</xsd:restriction>
</xsd:simpléType>

Figure N.47 — Schema of the rational type

N.7.1.3 [Stringincluding language attribute type

This typelis\iséd to when an element requires a string and a language attribute definition. The content of this glement is
intended to store human readable data. See Figure N.48.

<xsd:complexType name="tLangString">
<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

This type ppecifies a direction in degrees and fractions of degrees. The exact meaning of the values is dependenton usage.
This type [defines a smaller range than Degree Type (see clause N.7.1.4). See Figure N.50.

<xsd:simpleType name="tHalfDegree">
<xsd:restriction base="xsd:double">
<xsd:minExclusive value="-90"/>
<xsd:maxInclusive value="90"/>
</xsd:restriction>
</xsd:simpleType>

Figure N.50 — Schema of the half degree type

N.7.1.6 [Double size type
This type[specifies a size in double coordinates. See Figure N.51.

<xsd:complexType name="tDoubleSize">
<xsd:sequence>
<xsd:element name="WIDTH" type="jp:tNohNegativeDouble"/>
<xsd:element name="HEIGHT" type="jp:&NonNegativeDouble"/>
</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:elemernmty'name="WIDTH" type="xsd:positiveInteger"/>
<xsd:element’ name="HEIGHT" type="xsd:positiveInteger"/>
</xsd:segquence>
</xsd:complexType>

Figure N.52 — Schema of the integer size type

N.7.1.8 [DateTime type

This type specifies a partial or exact date. A date can include either a specific day (e.g., 26 January 2000), or a broader
definition such as "Winter." A date may or may not include a time. This type may contain the sub-elements listed below.
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:positivelInteger">
<xsd:minInclusive value="1"/>
<xsd:maxInclusive value="12"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="YEAR" type="xsd:gYear" minOccurs="0"/>
<xsd:element name="CENTURY" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:integer"/>
</xsd:simpleType>
</xsd:element>
</xsd:sequence>
</xsd:choice>
<xsd:element name="WEEK DAY" type="xsd:string" minOccurs="0"/>
<xsd:element name="SEASON" type="xsd:string" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexType>
Figure N.53 — Schema of the DateTimge-type
EXACT: This element contains an,exact date and a time.
DATE: This element contains@'date (excluding the time of day).
MONTH: This element contains a month of the year. An integer value is Used rather
than a string to.be consistent with the other elements contairjed in the
DateTime type. The value for January shall correspond to 1 and Pecember
to 12.
YEAR: This elément contains a calendar year. Positive values used fof AD and
negative values for BC. The year zero is not valid.
CENTURY: This element contains the century that an event occurred. For example, the
twentieth century is stored as "19." The century zero is not valid
WEEK _DAY: This element is a text description of the day. Examples include {Monday"
and "Friday."
SEASON: This element is a text description of a season. Examples include,|"Spring,"
"Summer," "Autumn," and "Winter."
COMMENT; See Comment element (clause N.7.3.1) for more information on this
element. Examples include "Easter Sunday,"” "Morning," "Just affer lunch.”
Address-type
specifies the address of an object or location. For example, it may be used to describe the address an iimage was
artha addrace Af tha tntallactiial nranarinv, cnvanar Af Aan 1mann Thic fvnna mav, aantatn tha ol Alam ,ntS ||5ted

Ot C OO C oo Ut T e I CtooT Prop ety O HiCT ot o oy e T oty Pty oot tric— oo~ CTeTTT

below. See Figure N.54.

248

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


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

NOTE
Recom

ISO/IEC 15444-2:2021 (E)

<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"/>
<xsd:element name="POSTCODE" type="xsd:string"/>

</xsd:choice>

<xsd:element name="COUNTRY" type="7jp:tLangString" minOccurs="0"/>

</xsd:sequence>

</xsd:complexType>

ADDR_NAME:
ADDR_COMP:

TYPE:

Imendation | International Standard now

<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>

Figure N.54 — Schema of the Address type

Table N.17 — Address component type values

Address name. It is a descriptive element.for'the address.

Address component. Multiple elements are used to specify the] complete
address. The order of the address elements specifies the full addrgss. A full
address shall be generated by concatenating the separate address|elements.
For example, if the type is a ¢'state”, this element contains the name of the
state. Where the type is a "Street,” this element contains the nagme of the
street. 1SO 3166-2 listsicountry subdivision codes. These codgs may be
used in this element;yvhen the element is being used to specify|a country
subdivision.

This is the name*of this part of the address. Examples include {street” or
"state." 1SO.3166-2 specifies country subdivisions and the typds of these
divisions. These subdivision types may be used to specify the adgress type.
Suggested values and their corresponding meanings are listed in Table
N.17+~Multiple values shall not be specified within a single element.

— A previous edition of this Recommendation | International Standard referenced the 1998 edition of 1SO 3166-2. This

makes an undated reference to 1ISO 3166-2.

Value Meaning
Unit The’/unit number of the address to identify a house or a house name relative to a street.
Room The room number within a building or an apartment.
Street The street address in a postal address. Examples are street name, avenue and house number.
Posthox The post office box number
City The locality of a.geographic area.
State THeTTame of a geograpticat Subaivision. Other terms suchas— Province - Prefecture T “County " may

be used instead.

ZIPCODE/POSTCODE:

COUNTRY:

TYPE:

© ISO/IEC 2021 - All rights reserved

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.

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.

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" minOccursz*0"/>
</xsd:sequence>
<xsd:attribute name="TYPE" type="xsd:string"/>
<xsd:attribute ref="jp:TIMESTAMP"/>
</xsd:complexType>
Figure N.55 — Schema of the Phone number type

COUNTRY_CODE: This element containsthe country code part of a phone number. This phone
code does not include any prefix such as "00" used to dial international
numbers, but instead just the international country code. This elgment also
does not include'a leading "+."

AREA: This element contains the local area code part of a phone number| This area
code daes not include leading zeros (or other digits) used fo dial an
interstate number from within a country. It appears as it would beJappended
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 N.19.
Multiple type values may be specified delimited with a comma (",").

Table N.19 — Phone number type values

Value Meaning
Home Rhone-numberassociated-with-a-residenee:
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.
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Email address type
specifies an email address. This type may contain the sub-elements listed below. See Figure N.56.

<xsd:complexType name="tEmail">
<xsd: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.

N.7.1.12
This type

N.7.1.13

This type
may contd

\Web address 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:

Person type

specifies a person. The sub-elements are compatible with the vCard description defined in RFC 2426
in the sub-elements listed below. See Figure N.58:
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<xsd:complexType
<xsd:sequence>
<xsd:element
<xsd:element
<xsd:compl

name="tPerson">

name="NAME TITLE" type="jp:tLangString" minOccurs="0"/>
name="PERSON NAME" minOccurs="0" maxOccurs="unbounded">
exType>

<xsd:sequence>

<xsd:e

lement name="NAME COMP" maxOccurs="unbounded">

<xsd:complexType>

<X

sd:simpleContent>
<xsd:extension base="xsd:string">
<xsd:attribute name="TYPE" use="optional" default="Given">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="Prefix"/>
<xsd:enumeration value="Given"/>
<xsd:enumeration value="Family"/>
<xsd:enumeration value="Suffix"/>

</

</xs

</xsd:
</xsd:se
<xsd:att
<xsd:att
</xsd:comp
</xsd:elemen
<xsd:element
<xsd:element

<xsd:eleme
<xsd:eleme
</xsd:choice
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
<xsd:element
</xsd:sequence
<xsd:attribute
<xsd:attribute
<xsd:attribute
</xsd:complexTyp

NAME_TITLE:
PERSON_NAME:

<xsd:choice minOccurs="0">

<xsd:enumeration value="Maiden"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:attribute>
</xsd:extension>
xsd:simpleContent>
d:complexType>
element>
quence>
ribute ref="jp:TIMESTAMP"/>
ribute ref="xml:lang"/>
lexType>
t>
name="NICK NAME" type="xsd:string" mipOectirs="0" maxOccurs="unbofnded"/>
name="JOB_ TITLE" type="xsd:string" minOccurs="0"/>

nt name="PERSON_ ORG" type="jp:tOpganization"/>
nt name="ORG_REF" type="xsd:string"/>

>

name="ADDRESS" type="jp:tAddfess" minOccurs="0" maxOccurs="unbouhded"/>
name="PHONE" type="Jjp:tPhdne" minOccurs="0" maxOccurs="unbounded| />
name="EMAIL" type="Jp:tEBmail" minOccurs="0" maxOccurs="unbounded| />
name="WEB" type="jp:tWeb" minOccurs="0" maxOccurs="unbounded"/>
name="BIRTH DATE" type="xsd:date" minOccurs="0"/>

name="AGE" type="xsdsduration" minOccurs="0"/>
ref="jp:COMMENT"~mminOccurs="0"/>

>

name="ID" type="xsd:string"/>

ref="jp:TIMESTAMP" />

ref="xmlylahg"/>

e>

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 spgcifies the
full name of the person. For example, in languages where the farpily name
is usually placed before the given name, then they would appgar in this
order in the file.

NAME_COMP:

TYPE:

Name component. This element contains a single portion (word) of the
name of a person. A name component element may contain a single initial
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.

RGANTZATION: ThiS element SpeciTies the organization Tor which a person is a member of.
The organization element may be either contained within ‘the person
element, or referenced.

ORG_REF: Organization reference. A reference to the organization,-This element is a
link to one of the Organization elements within thewietadata.

IADDRESS: This element specifies address information for the person. For example, it
can contain a home address or a work address. It does not necessarily
contain the address depicted within the image, but instead information
about the person. See Address type (clause N.7.1.9) for the format of this
element.

PHONE: Phone number. This element specifies phone number information for the
person. See Phone number type (clause N.7.1.10) for the fornpat of this
element.

EMAIL: Email address. This-element specifies an email address for a pgrson. See
Email address type (Clause N.7.1.11) for the format of this elem¢nt.

WEB: Web page. Thisieléement contains a web page for a person. See Web address
type (clause.N:7.1.12) for the format of this element.

BIRTH_DATE: Date of birth. This element specifies the birth date of the pefrson. This
element* shall specify an exact date. For non-specific infornpation the
Comment element shall be used.

AGE: This element contains the age of a person.

COMMENT: This element specifies user- and/or application-defined information
beyond the scope of other properties in the person type. See |[Comment
element (clause N.7.3.1) for more information on this element.

ID: This element specifies the unique identifier for the person.

N.7.1.14 [Organization type
This type|specifies af<rganization. The sub-elements are compatible with the vCard description defined in RFC 2426.
This type|may contain the sub-elements listed below. See Figure N.59.

<xsd:comple

xType name="tOrganization">

<xsd:sequence>
XSd:element name="URG _NAME ™ Cype= Jp:CLLangstring . Minoccurs="u
<xsd:element name="ADDRESS" type="jp:tAddress" minOccurs="0" maxOccurs="unbounded" />

<xsd:el
<xsd:el
<xsd:el
<xsd:el
<xsd:el
<xsd:el
<xsd:el

ement name="PHONE" type="jp:tPhone" minOccurs="0" maxOccurs="unbounded"/>
ement name="EMAIL" type="jp:tEmail" minOccurs="0" maxOccurs="unbounded"/>
ement name="WEB" type="jp:tWeb" minOccurs="0" maxOccurs="unbounded"/>
ement name="LOGO FILE" type="xsd:anyURI" minOccurs="0"/>

ement name="LOGO FORMAT" type="xsd:string" minOccurs="0"/>

ement name="MIME TYPE" type="xsd:string" minOccurs="0"/>

ement ref="jp:COMMENT" minOccurs="0"/>

</xsd:sequence>

<xsd:attr

ibute name="ID" type="xsd:string"/>

<xsd:attribute ref="jp:TIMESTAMP"/>

<xsd:attr
</xsd:compl

ibute ref="xml:lang"/>
exType>

Figure N.59 — Schema of the Organization type
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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.

W_ . IS element SPeciTies a reference to a 1ogo Tile of the organization.
LOGO_FILE_FORMAT: This element specifies the name of the logo file format. For‘example, EPS,
JP2 and TIFF.

MIME_TYPE: This element specifies the Internet media type of the lago file.

COMMENT: This element specifies user- and/or applicatien-defined information
beyond the scope of other properties in <the" organization fype. See
Comment element (clause N.7.3.1) for more‘information on this|element.

1D: This element specifies the unique identifier for the organization.

N.7.1.15 [Location type
This typespecifies the physical location of an object or a scene. For example, it may be used to describe an object within
an image,|or the location of a camera at the time of capture. The Location-is the physical location, whereas the Position
is the position of an object relative to the image. See Figure N.60.
<xsd:complexType name="tLocation">
<xsd:sequence>
<xsd:element ref="jp:COORD LOC" minOcCelrs="0"/>
<xsd:element name="ADDRESS" type="jp:tAddress" minOccurs="0"/>
<xsd:element ref="jp:GPS" minOccurs="0"/>
<xsd:element ref="Jjp:COMMENT" wminOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref="jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lapg"/>
</xsd:complexType>
Figure N.60 — Schema of the Location type

COORD_LOC: Coordinate location. This element specifies the exact longitudg, latitude
and altitude of an object. The syntax of this element is specified in clause
N.7.1.15.1.

ADDRESS; This element specifies the location of an object using an addlress. See
Address type (clause N.7.1.9) for the format of this element.

GPS; Global Positioning System. This element specifies location information
received from a GPS receiver. The syntax of this element is sgecified in
clause N.7.1.15.2.

COMMENT: This element specifies the location of an object that cannot be described

using the other location elements. For example, "Under the table." See

Comment element (clause N.7.3.1) for the format of this elemen

N.7.1.15.1 Coordinate location

t.

This element specifies the terrestrial location (altitude/longitude/latitude) of an object. It may be used to describe the
content of an image along with the location of a camera.

While the coordinate location may have come from a GPS (and a GPS block may or may not be present in the metadata),
the values in the coordinate location may have come for some other means. For this reason, the location information is a
more general system for storing the location than the GPS system. The location information and the raw GPS data are
stored in different formats.
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GPS is one of a number of methods that may be used to determine a location. If the GPS information is filled in, it is
expected that the coordinate location is also specified. A reader shall only look in a single place to determine the
coordinate location (this element).

The meridian through Greenwich (Great Britain) is defined with the value longitude | = 0. The longitude | of a point P on
the surface is the angle between the planes through its meridian and the Greenwich meridian. The longitude is counted
from Greenwich up to | = £180° in east(+) and west(-) directions.

The latitude j of a point P is the angle between a line normal to its parallel and the equatorial plane (j = 0). On a sphere
this normal line will be the connecting line between its center and the point P. On the elliptical earth this line will only
pass the center if P is situated at the equator. The latitude is counted from the equator up to j = £90° in north (+) and
south (-) directions. See Figure N.61.

<xsd:element name="COORD_LOC">
<xsd:complexType>
d:seguence

N.7.1.15.2

The infor
For thisre
may be st
version 2,

If informa
Coordinat

This elem

<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, tepresented in double dd
fractions of degrees. E.g., "138,700,%\"-122,450."

LATITUDE: This element specifies the Jatitude, represented in double de
fractions of degrees. E.g., "35,383," "37,767."

ALTITUDE: This element would centain the distance in meters. Zero is

positive is above, and negative is below.

Raw GPS Information

ason, the elements are not consistent with other metadata elements. For example, a distance on the GPS
pred in miles, while all other metadata distances are stored in meters. These elements are compatible
1.

tion for latitude, longitude and altitude are present in the raw GPS information, the matching elemg
e location shall be filled in.

ent may contain the sub-elements listed below. See Figures N.62 to N.64.

grees and
prees and

sea level,

mation in these elements is expected to be importéd from a GPS system and is compatible with NMEA-0138.

elements
with Exif

nts in the
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<xsd:element name="GPS">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="GPS_LAT REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration value="N"/>
<xsd:enumeration value="S"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS LATITUDE" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="xsd:nonNegativelnteger"/>
<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:nonNegativélnteger"/>
<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" types!'jp:tNonNegativeDouble" minOccurs="0"{>
<xsd:element name="GPS TIME" type=%%sd:dateTime" minOccurs="0"/>
<xsd:element name="GPS_ SATELLITES$Y type="xsd:string" minOccurs="0"/>
<xsd:element name="GPS STATUS" MiinOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:string">
<xsd:enumeration valu¥e="A"/>
<xsd:enumeration value="V"/>
</xsd:restriction>
</xsd:simpleTypex
</xsd:element>
<xsd:element names"GPS_MEASURE MODE" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="xsd:positivelInteger">
<xsdiminExclusive value="2"/>
<xgdrmaxInclusive value="3"/>
</®s@l:restriction>
</Xsd:simpleType>
</xsd:element>
<Xsd: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>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS TRACK" type="jp:tNonNegativeDouble" minOccurs="0"/>
<xsd:element name="GPS_IMAGE_DIR REF" minOccurs="0">
<xsd:simpleType>
<xsd:restriction base="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" minQccurs="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" minO¢curs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="D" type="%sd:nonNegativeInteger"/>
<xsd:element name="M" types¥xsd:nonNegativelnteger"/>
<xsd:element name="S" typE="jp:tNonNegativeDouble" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GPS DEST LONG REF" minOccurs="0">
<xsd:simpleType>
<xsd:restrictien base="xsd:string">
<xsd:enumerafion value="E"/>
<xsd:enuméretion value="W"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:element>
<xsd:element name="GPS DEST LONGITUDE" minOccurs="0">
<xsdicbmplexType>
<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>
. CTLTICIIT TIalllc— UE’D_UDDL_DD[‘SI\LL\JU_RDE HLJ‘.HULLUL = U
<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_ DEST BEARING" type="jp:tNonNegativeDouble" minOccurs="0"/>

Figure N.63 — Schema of the Raw GPS Information element (continued)

© ISO/IEC 2021 - All rights reserved Rec. ITU-T T.801 (06/2021) 257


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

ISO/IEC 15444-2:2021 (E)

258

<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 Latitude Reference. This element specifies whether the GPS Latitude
is North or South Tahle N 21 lists legal values of this element

GPS_LAT_REF:

Table N.21 — Latitude reference values

Value Meaning
N North Latitude
S South Latitude
GPS_LATITUDE: GPS Latitude. This element contains the'latitude of the GPS receilver. Table
N.22 lists legal values of this element,
Table N.22 — Latitude values
Value Meaning
D The.number of degrees of latitude.
M The number of minutes of latitude.
S The number of seconds of latitude.

GPS Jongitude Reference. This element specifies whether|the GPS

GPS_LONG_REF:
Longitude is East or West. Table N.23 lists legal values of this glement.

Table'N.23 — Longitude reference values

Vatue Meaning
E East longitude
" West longitude

GPS Longitude. This element contains the longitude of the GP$ receiver.

GPS_LONGITUDE:
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. 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.

GPS_ALTITUDE:

GPS_TIME:
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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. 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:

Table N.26 — GPS Measure mode values

on the
N.26 lists

GPS Measure Mode. This element contains information
measurement mode used to determine the GPS location. (Table
legal values of this element.

Value Meaning
2 2 dimensional measuremént.
3 3 dimensional measurement.

GPS_DOP:

GPS_SPEED_REF:

Table N.27 — GRS'Speed reference unit values

GPS Data Degree of Precision (DOP). This element contains a value
indicating the GPS DOP,, ArR-HDOP (horizontal degree of precisjon) value
is written during a two-<dimensional measurement, and a PDOP (BD degree
of precision) value iSwritten during a three-dimensional measurgment.

GPS Speed Reference. This element contains the units of measyre for the
GPS Speed element. Table N.27 lists legal values of this element.

Value Meaning
K Kilometres per hour
N Knots

GPS_SPEED:

GPS_TRACK_REF:

Table N.28 — Direction reference values

GPS Speed. This element contains a value indicating the speed df the GPS
receiver. The value units are defined by the GPS Speed Referenge.

GPS Track Reference. This element contains the reference fof the GPS

Track element. Table N.28 lists legal values of this element.

Value Meaning
T True north
M Magnetic north

GPS_TRACK:

GPS_IMAGE_DIR_REF:

GPS_IMAGE_DIR:

© ISO/IEC 2021 - All rights reserved

GPS Track. This element contains the value in degrees indicating the
direction of the GPS receiver movement. 0 indicates North and 90 indicate
East.

GPS Image Direction Reference. This element contains the reference for
the GPS Image Direction element. Table N.28 lists legal values of this
element.

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_DEST_LONGITUDE:

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 Destination Longitude. This element contains the destination
Inngifllrln of the GPS receiver-Table N.24 lists Iagnl values of this element.

GPS_DEST_BEARING_REF:

GPS_DEST_BEARING:

GPS_DEST_DISTANCE_REF:

Table N.29 — GPS Destination distance reference unit values

GPS Destination Bearing Reference. This element containgythe| reference
for the GPS Destination Bearing element. Table N.28 lists_legal| values of
this element.

GPS Destination Bearing. This element containsythe value iph degrees
indicating the direction of the destination from the GPS] receiver.
0 indicates North and 90 indicate East.

GPS Destination Distance Reference. This element contains the units of
measure for the GPS Destination Distance element. Table N.29|lists legal
values of this element.

Value Meaning
K Kilemetres per hour
N Knots

GPS_DEST_DISTANCE:

N.7.1.16 Direction type

GPS Destination Distance. This element contains a value indifating the
distance'to the destination from the GPS receiver. The valug| units are
defined by the GPS Destination Distance Reference.

This type|specifies a three-dimensionakheading. While this type is primarily used to specify the direction a|camera is
facing, it may also be used to specify infarmation about an object in a scientific photograph for example. When dalculating
the direct|on the camera is facingy.first the yaw is applied, then the pitch, then the roll. This type may contaip the sub-

elements listed below. See Figure'N.65.

<xsd:segguence>

</xsd:sequence>

<xsd:complexType name="tDirection">

<xsdselement name="YAW" type="jp:tDegree" minOccurs="0"/>
<ksd:ielement name="PITCH" type="jp:tHalfDegree" minOccurs="0"/>
<xsd:element name="ROLL" type="jp:tDegree" minOccurs="0"/>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>

<xsd:attribute ref="qjp:TIMESTAMP" />

<xsd:attribute ref="xml:lang"/>

</xsd:complexType>

Figure N.65 — Schema of the Direction type

YAW:

PITCH:
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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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N.7.1.17
This type

ISO/IEC 15444-2:2021 (E)

ROLL: 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.

COMMENT: 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.

Position type

is used to specify the position of an object, within an image. The Position type can be one of the following:
— _Anx, ysingle point.

The imag
pointing d
1.0. To ke
a square [
to the img
ISO/ IEC
coordinat
Ysiz are t
linearly inf

This infon
differencsd

- Arectangular area (specified as an x, y, width and height).
- A set of splines that represent an area of the image.
- A free-text comment element.

P is described in a Cartesian system, with the X-axis horizontal and pointing to the right,the Y -axis vértical and
ownward, and the origin at the upper left corner. The scale is such that the height of.the image is normalized to
ep the scale of the X-axis and the Y-axis the same, the image width (R) is its aspect ratio (width/height). Thus,
art of any image has equal width and height in this coordinate system. The metadata coordinate sysfem refers
ge area on the reference grid as defined in ITU-T T.800 | ISO/IEC 154441/ See Figure B.1 in ITU}T T.800 |
15444-1 for an illustration of the image area. Coordinate (0, 0) refers ta'the top left of pixel (XOsiz, Y|Osiz) and
e (R, 1) refers to the bottom right of pixel (Xsiz—1, Ysiz—1) on the reference grid where XOsiz, YOsiz, Xsiz and
ne values of the respective fields in the SIZ marker (see clause A.2:3)"in the codestream. Other coordipates map
to this image area.

mation may become useless if the image is cropped or manipulated. See Location type (clause N.7.1.15) for the
between the Position and Location types. See FigureN.66.

<xsd:complexType name="tPosition">
<xsd:sequence>
<xsd:choice minOccurs="0">
<xsd:element name="POINT" type="jp:tPoint"/>
<xsd:element name="RECT" .t{pe="Jp:tRect"/>
<xsd:sequence>
<xsd:element name="RECT" type="]jp:tRect"/>
<xsd:element name="REGION" type="jp:tRegion"/>
</xsd:sequence>
</xsd:choice>
<xsd:element ref="jp:COMMENT" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute.zref="jp:TIMESTAMP" />
</xsd:complexTHpe>

Figure N.66 — Schema of the Position type

POINT: Single point. This element specifies a single point in the coprdination
system. See Point type (clause N.7.1.18) for more informatipn of this
element.

RECT: Rectangular—region—TFhis—elementspecifies—a—rectangular—reglon in the

coordinate system. See Rect type (clause N.7.1.19) for more information
of this element.

REGION: Avrbitrary region. This element specifies an arbitrary region. See Region
type (clause N.7.1.20) for more information on this element.

COMMENT: This element can describe the position of an object less accurately than one
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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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. T

his 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 element specifies the X coordinate of the point.
A4l This element Qpnr‘ifinc the Y coordinate of the Ihnin’r
N.7.1.19 [Rect type
This type|specifies details about a rectangular region on an image. This type is used to describe a rectangularn

the coord
contain th

N.7.1.20

This type
segments,

Where an
Acrbitrary
even if th

This type

nate system. See Point type (clause N.7.1.18) for the base format of this type. Additionally, this
e 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:tNonNegativeDeouble"/>
<xsd:element name="HEIGHT" type="jp:tNonNegatiyeBouble"/>
</xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

Figure N.68 — Schema-of the Rect type

X: The left of the rectangle.

Y: The top of\the rectangle.

WIDTH: The width of the rectangular (to the right of X).

HEIGHT: The height of the rectangular (below Y).

Region type

specifies details about an arbitrary region on an image. This type consists of a start point and on

Each segment may be either a straight line (specified using a point), or a spline.

Region). A standard JPX compliant metadata reader or editor has the option of not using the Arbitral
e Rectangular<Region is used.

shall contain‘the sub-elements listed below. See Figure N.69.

region in
type shall

e O more

arbitrary region is §pécified, a Rectangular Region shall also be specified (which is the bounding ox of the

y Region,
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N.7.1.21

This type
shall be ¢

N.7.2
N.7.2.1

<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:se
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:

</xsd:sequence>

quence>
element
element
element
element
element
element

name="X1"
name="Y1"
name="X2"
name="Y2"

type="7Jp:tNonNegativeDouble"/>
type="7jp:tNonNegativeDouble"/>
type="Jp:tNonNegativeDouble"/>
type="7jp:tNonNegativeDouble"/>

name="X" type="jp:tNonNegativeDouble"/>
name="Y" type="jp:tNonNegativeDouble"/>

</xsd:complexType>

</xsd:eleme

nt>

ISO/IEC 15444-2:2021 (E)

</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 system.
See Point type (clause N.7.1.18) for the formatof this element.

POINT: This element specifies a line starting at the end of the previous $pline and
ending at the new point. See Point typg(clause N.7.1.18) for the| format of
this element.

SPLINE: This element specifies a Beziér €eurve starting at the end of th¢ previous
spline, and ending at the new-end point (X, y), with x1, y1 and x3, y2 being
the first and second conttel points of the spline respectively.

Product details type

specifies details about a product (hardware or software). By combining these three elements, a unique value

eated. 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="MODELX, type="xsd:string" minOccurs="0"/>
<xsd:element name="SERTAL" type="xsd:string" minOccurs="0"/>
<xsd:element name="VERSION" type="xsd:string" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute ref£"jp:TIMESTAMP"/>
<xsd:attribute ref="xml:lang"/>
</xsd:complexTypeX>
Figure N.70 — Schema of the Product Details type

MANUFACTURER: Manufacturer name. This element specifies the name of the mapufacturer
or vendor of the product. It is recommended to set the manufacturer name
shown on the device. See Organization type (clause N.7.1.1#) for the
format of this element.

AOBEL: Medel-rame—This—elementspectfiesthemedelname—ernumber 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.

Defined attributes

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.

© ISO/IEC 2021 - All rights reserved

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

263


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

	RECOMMENDATION ITU-T T.801 – Information technology – JPEG 2000 image coding system – Extensions
	Summary
	FOREWORD
	CONTENTS
	Introduction
	1 Scope
	2 Normative references
	2.1 Identical Recommendations | International Standards
	2.2 Paired Recommendations | International Standards
	2.3 Additional references

	3 Definitions
	4 Abbreviations
	5 Conventions
	6 General description
	6.1 Extensions specified by this Recommendation | International Standard
	6.1.1 Syntax
	6.1.2 Variable DC offset
	6.1.3 Variable scalar quantization
	6.1.4 Trellis coded quantization
	6.1.5 Visual masking
	6.1.6 Arbitrary decomposition
	6.1.7 Arbitrary wavelet transformation
	6.1.8 Single sample overlap discrete wavelet transformations
	6.1.9 Multiple component transformations
	6.1.10 Non-linear transformation
	6.1.11 Region of interest
	6.1.12 File format
	6.1.13 Metadata definitions

	6.2 Relation between extensions

	Annex A  Compressed data syntax, extension
	A.1 Extended capabilities
	A.2 Extensions to Rec. ITU-T T.800 | ISO/IEC 15444-1 marker segment parameters
	A.2.1 Image and tile size (SIZ), extended
	A.2.2 Start of tile-part (SOT) extended
	A.2.3 Coding style (COD, COC), extended
	A.2.4 Quantization (QCD, QCC), extended
	A.2.5 Region of interest marker (RGN), extended

	A.3 Extended marker segments
	A.3.1 Variable DC offset (DCO)
	A.3.2 Visual masking (VMS)
	A.3.3 Downsampling factor styles (DFS)
	A.3.4 Arbitrary decomposition styles (ADS)
	A.3.5 Arbitrary transformation kernels (ATK)
	A.3.6 Component bit depth definition (CBD)
	A.3.7 Multiple component transformation definition (MCT)
	A.3.8 Multiple component transform collection (MCC)
	A.3.9 Multiple component transform ordering (MCO)
	A.3.10 Non-linearity point transformation (NLT)
	A.3.11 Quantization default, precinct (QPD)
	A.3.12 Quantization precinct component (QPC)
	A.3.13 Extended capabilities (CAP)
	A.3.14 Precinct length, tile-part header (RLT)


	Annex B  Variable DC offset, extension
	B.1 Variable DC offset flow
	B.2 Inverse DC offset
	B.3 Forward DC offset (informative)

	Annex C  Variable scalar quantization, extension
	C.1 Variable scalar quantization
	C.2 Variable scalar dequantization for irreversible filters
	C.3 Variable scalar quantization for irreversible filters (informative)

	Annex D   Trellis coded quantization extensions
	D.1 Introduction to TCQ
	D.2 Sequence definition
	D.3 Forward TCQ quantization (informative)
	D.4 Inverse quantization (normative)
	D.4.1 Full TCQ dequantization
	D.4.2 Approximate dequantization

	D.5 Lagrangian rate allocation (informative)

	Annex E  Visual masking, extensions
	E.1 Introduction to visual masking (informative)
	E.2 Point-wise extended non-linearity (informative)
	E.3 Decoding with visual masking
	E.4 Encoding with visual masking (informative)
	E.5 Setting parameters (informative)
	E.6 Compatibility with other technologies (informative)

	Annex F  Arbitrary decomposition of tile-components, extensions
	F.1 Wavelet sub-bands
	F.1.1 Tier 1: Number of decomposition levels
	F.1.2 Tier 2: Resolution formation
	F.1.3 Tier 3: Sub-level decompositions
	F.1.4 Tier 4: Horizontal and vertical splits to variable sub-level depths
	F.1.5 Complete sub-band notation
	F.1.6 HorOrient, VerOrient and PrimeOrient sub-band operators

	F.2 Equation, text and decomposition updates
	F.2.1 Updates to NLLL references
	F.2.2 Context updates
	F.2.3 Extension to Rec. ITU-T T.800 | ISO/IEC 15444-1, Equation B-14
	F.2.4 Remaining updates
	F.2.5 Updates to decomposition structure

	F.3 Inverse discrete wavelet transformation for general decompositions
	F.3.1 Modified IDWT procedure
	F.3.2 Modified 2D_SR procedure
	F.3.3 Modified 2D_INTERLEAVE procedure
	F.3.3.1 The 2D_HV_INTERLEAVE procedure
	F.3.3.2 The 2D_H_INTERLEAVE procedure
	F.3.3.3 The 2D_V_INTERLEAVE procedure


	F.4 Forward discrete wavelet transformation for general decompositions (informative)
	F.4.1 Modified FDWT procedure
	F.4.2 Modified 2D_SD procedure
	F.4.3 Modified 2D_DEINTERLEAVE procedure
	F.4.3.1 The 2D_HV_DEINTERLEAVE procedure
	F.4.3.2 The 2D_H_DEINTERLEAVE procedure
	F.4.3.3 The 2D_V_DEINTERLEAVE procedure



	Annex G  Whole-sample symmetric transformation of images, extensions
	G.1 Wavelet transformation parameters, definitions and normalizations
	G.2 Whole-sample symmetric (WS) wavelet transformations reconstruction
	G.2.1 Normalization of WS wavelet transformations
	G.2.1.1 Normalization of reversible wavelet transformation
	G.2.1.2 Normalization of irreversible wavelet transformation

	G.2.2 One-dimensional sub-band reconstruction procedure for WS wavelet transformations
	G.2.2.1 The 1D_SR_WS procedure
	G.2.2.2 The 1D_FILTR_WS procedures
	G.2.2.2.1 The reversible one-dimensional reconstruction (1D_FILTR_WS) procedure
	G.2.2.2.2 The irreversible one-dimensional reconstruction (1D_FILTR_WS) procedure



	G.3 Whole-sample symmetric (WS) wavelet transformation decomposition (informative)
	G.3.1 The 1D_SD_WS procedure (informative)
	G.3.2 The 1D_FILTD_WS one-dimensional decomposition procedure (informative)
	G.3.2.1 The 1D_FILTD_WS reversible one-dimensional decomposition procedure (informative)
	G.3.2.2 The irreversible one-dimensional decomposition procedure (1D_FILTD_WS) (informative)


	G.4 Examples of WS wavelet transformations (informative)
	G.4.1 Reversible WS wavelet transformations (WT_Typ = REV) (informative)
	G.4.1.1 Reversible 5-3 wavelet transformation (informative)
	G.4.1.2 Reversible 13-7 wavelet transformation (informative)

	G.4.2 Irreversible WS wavelet transformations (WT_Typ = IRR) (informative)
	G.4.2.1 Irreversible 5-3 wavelet transformation (informative)
	G.4.2.2 Irreversible 7-5 wavelet transformation (informative)
	G.4.2.3 Irreversible 9-7 wavelet transformation (informative)



	Annex H  Transformation of images using arbitrary wavelet transformations
	H.1 Wavelet transformation parameters and normalizations
	H.1.1 Normalization of ARB wavelet transformations
	H.1.2 Compatibility of ARB and WS wavelet transformations

	H.2 Arbitrary (ARB) wavelet transformation reconstruction procedures
	H.2.1 The extended 1D_SR_ARB procedure
	H.2.2 The 1D_SCALER procedure
	H.2.3 The 1D_STEPR procedure
	H.2.4 Extension procedures
	H.2.4.1 Minimum extension lengths
	H.2.4.2 1D_EXT_WS procedure
	H.2.4.3 1D_EXT_CON procedure

	H.2.5 One-dimensional reconstruction update filtering procedures
	H.2.5.1 Reversible one-dimensional reconstruction update (1D_UPDATER_REV) procedure
	H.2.5.2 Irreversible one-dimensional reconstruction update (1D_UPDATER_IRR) procedure


	H.3 Arbitrary (ARB) wavelet transformation decomposition procedures (informative)
	H.3.1 Extended 1D_SD_ARB procedure (informative)
	H.3.2 The 1D_STEPD procedure (informative)
	H.3.3 Extension procedures (informative)
	H.3.4 One-dimensional decomposition update procedures (informative)
	H.3.4.1 Reversible one-dimensional decomposition update (1D_UPDATED_REV) procedure (informative)
	H.3.4.2 Irreversible one-dimensional decomposition update (1D_UPDATED_IRR) procedure (informative)

	H.3.5 1D_SCALED procedure (informative)

	H.4 Examples of ARB wavelet transformations (informative)
	H.4.1 Examples of arbitrary wavelet transformations (Filt_Cat = ARB) (informative)
	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)
	H.4.1.1.2 Reversible 2-6 wavelet transformation (informative)
	H.4.1.1.3 Reversible 2-10 wavelet transformation (informative)

	H.4.1.2 Irreversible ARB wavelet transformations (WT_Typ=IRR) (informative)
	H.4.1.2.1 Irreversible 6-10 wavelet transformation (informative)
	H.4.1.2.2 Irreversible 10-18 wavelet transformation (informative)


	H.4.2 Example of a structure for lifting implementation of half-sample symmetric wavelet transformations (informative)


	Annex I  Single sample overlap discrete wavelet transform, extensions
	I.1 Introduction to single sample overlapping
	I.2 The code-block anchor points (CBAP) extension
	I.2.1 Division of resolution levels in precincts
	I.2.2 Division of the sub-bands into codeblocks
	I.2.3 Resolution level-position-component-layer progression
	I.2.4 Position-component-resolution level-layer progression
	I.2.5 Component-position-resolution level-layer progression

	I.3 The SSO extension
	I.3.1 Single sample overlap inverse discrete wavelet transformation (SSO-IDWT)
	I.3.1.1 The IDWT_SSO procedure
	I.3.1.2 The 2D_SR_SSO Procedure
	I.3.1.3 The HOR_SR_SSO procedure
	I.3.1.4 The VER_SR_SSO procedure
	I.3.1.5 The 1D_SR_SSO procedure
	I.3.1.6 The 1D_FILTR_SSO procedure
	I.3.1.6.1 Reversible transformations
	I.3.1.6.2 Irreversible transformations


	I.3.2 Single sample overlap forward discrete wavelet transformation (informative)
	I.3.2.1 The FDWT_SSO procedure
	I.3.2.2 The 2D_SD_SSO procedure
	I.3.2.3 The HOR_SD_SSO procedure
	I.3.2.4 The VER_SD_SSO procedure
	I.3.2.5 The 1D_SD_SSO procedure
	I.3.2.6 The 1D_FILTD_SSO procedure
	I.3.2.6.1 Reversible transformations
	I.3.2.6.2 Irreversible transformations


	I.3.3 Selection of single sample overlap parameters (informative)
	I.3.3.1 Division of image tile components into overlapping SSO blocks (informative)
	I.3.3.2 Selection of tile parameters (informative)

	I.3.4 SSO examples (informative)
	I.3.4.1 Illustration in the case of the 5-3 forward reversible transformation (informative)
	I.3.4.2 Illustration in the case of the 5-3 forward irreversible transformation (informative)
	I.3.4.3 Illustration in the case of the 9-7 forward irreversible transformation (informative)


	I.4 The TSSO extension
	I.4.1 Signalling for the TSSO
	I.4.2 Partitioning of the image into single-sample overlapping tiles
	I.4.3 Reconstruction of images samples from reconstructed tiles

	I.5 Combining the SSO and TSSO extensions (informative)

	Annex J  Multiple component transformations, extension
	J.1 Introduction to multiple component transformation concepts
	J.2 Overview of inverse processing
	J.2.1 Inverse multiple component transformation (MCO_TRANSFORM)
	J.2.2 Multiple component transformation stage (MCC_TRANS)
	J.2.3 Transformation component collection (CC_TRANS)
	J.2.3.1 Define input component collection (DEF_INPUT_CC)
	J.2.3.2 Apply transformation (APPLY_TRANS)
	J.2.3.3 Assign output components (MAP_OUTPUT_CC)


	J.3 Transformations
	J.3.1 Array-based transforms
	J.3.1.1 Decorrelation transformation
	J.3.1.1.1 Irreversible decorrelation transformation
	J.3.1.1.2 Forward irreversible decorrelation transformation (informative)
	J.3.1.1.3 Reversible decorrelation transform
	J.3.1.1.4 Forward reversible decorrelation transformation (informative)

	J.3.1.2 Dependency transformation
	J.3.1.2.1 Irreversible dependency transformation
	J.3.1.2.2 Forward irreversible dependency transformation (informative)
	J.3.1.2.3 Reversible dependency transformation
	J.3.1.2.4 Forward reversible dependency transformation (informative)


	J.3.2 Wavelet-based transformation
	J.3.2.1 Inverse multi-dimensional wavelet transformation
	J.3.2.2 Forward multi-dimensional wavelet transformation (informative)



	Annex K  Non-linear transformation
	K.1 Signalling the use of the non-linear transformations
	K.1.1 Decoded component reconstruction
	K.1.2 Bit depth and interaction with the multiple component transformation
	K.1.3 Marker interpretation

	K.2 Non-linear transformation specifications
	K.2.1 Gamma-style non-linearity
	K.2.1.1 Forward gamma-style non-linearity (encoding, informative)
	K.2.1.2 Reverse gamma-style non-linearity (normative)

	K.2.2 LUT-style reverse non-linearity transformation
	K.2.3 Binary complement to sign-magnitude conversion transformation


	Annex L  Region of interest coding and extraction, extensions
	L.1 Decoding of ROI
	L.2 Description of the Scaling based method
	L.2.1 Encoding with ROI (informative)

	L.3 Region of interest mask generation
	L.3.1 Rectangular mask generation on the reference grid
	L.3.2 Elliptic mask generation on the reference grid
	L.3.3 Region of Interest mask generation of whole-sample symmetric filter banks
	L.3.4 Region of Interest mask generation of arbitrary optional filter banks
	L.3.4.1 Single sample overlap

	L.3.5 Fast generation of a rectangular mask (informative)
	L.3.5.1 Single Sample Overlap


	L.4 Remarks on region of interest coding
	L.4.1 Usage together with Maxshift method described in ITU-T T.800 | ISO/IEC 15444-1
	L.4.2 Multi-component remark (informative)
	L.4.3 Implementation Precision remark (informative)


	Annex M  JPX extended file format syntax
	M.1 File format scope
	M.2 Introduction to JPX
	M.2.1 File identification
	M.2.2 File organization
	M.2.3 Greyscale/Colour/multi-component specification
	M.2.4 Specification of opacity information
	M.2.5 Metadata
	M.2.6 Storage of a codestream within JPX
	M.2.7 Combining multiple codestreams
	M.2.8 Support for various pixel formats
	M.2.9 Support for JPEG XR codestreams

	M.3 Greyscale/Colour/Palette/multi-component specification architecture
	M.3.1 Extensions to the Colour Specification box header
	M.3.2 Extensions to the Enumerated method
	M.3.3 Any ICC method
	M.3.4 Vendor Colour method
	M.3.5 Palettized colour
	M.3.6 Using multiple methods
	M.3.7 Interactions with the decorrelating multiple component transformation

	M.4 Fragmenting the codestream between one or more files
	M.5 Combining multiple codestreams
	M.5.1 Mapping codestreams to compositing layers
	M.5.1.1 Establishing a sequence order for compositing layers
	M.5.1.2 Establishing an order for channels in a compositing layer
	M.5.1.3  Establishing a sequence order for codestreams

	M.5.2 Sharing header and metadata information between codestreams and compositing layers
	M.5.2.1 Default headers and metadata
	M.5.2.2 Cross-referencing headers and metadata
	M.5.2.3 Labelling and association
	M.5.2.4 Compositing layer extensions

	M.5.3 Composition
	M.5.3.1 Composition rendering
	M.5.3.2 Animation model
	M.5.3.2.1 Special cases of life and persistence
	M.5.3.2.2 Assigning compositing layers to instructions and layer reuse
	M.5.3.2.3 Looping animations



	M.6 Using reader requirements masks to determine how a file can be used
	M.6.1 Types of expressions
	M.6.1.1 Fully understand aspects
	M.6.1.2 Display contents
	M.6.1.3 Fallback

	M.6.2 Expression representation
	M.6.2.1 Formulating requirements expressions
	M.6.2.2 Encoding requirements expressions
	M.6.2.3 Examples

	M.6.3 Testing an Implementation against requirements expressions

	M.7 Extensions to the JPX file format
	M.7.1 General
	M.7.2 Reserved items
	M.7.2.1 Definition
	M.7.2.2 Enumerated colourspace
	M.7.2.3 Desired reproduction boxes
	M.7.2.4 Compatibility modes
	M.7.2.5 Standard feature codes

	M.7.3 User items

	M.8 Differences from the JP2 binary definition
	M.9 Conformance
	M.9.1 Interpretation of JPX data structures
	M.9.2 Support for JPX feature set
	M.9.2.1 Compression types
	M.9.2.2 Compositing layers
	M.9.2.3 Codestreams
	M.9.2.4 Colour specification
	M.9.2.5 Codestream fragmentation
	M.9.2.6 Cross-reference boxes
	M.9.2.7 JP2 Header box location
	M.9.2.8 Opacity
	M.9.2.9 Other data in the file
	M.9.2.10 JPEG XR profiles
	M.9.2.11  Compression type
	M.9.2.12 Compositing layers
	M.9.2.13 Colour specification
	M.9.2.14 Codestream fragmentation
	M.9.2.15 Cross Reference Boxes
	M.9.2.16 JP2 Header Box Location
	M.9.2.17 Opacity
	M.9.2.18 Rotation
	M.9.2.19 Other Data in the file
	M.9.2.20 Conformance testing


	M.10 Key to graphical descriptions (informative)
	M.11 Defined boxes
	M.11.1 Reader Requirements box
	M.11.2 Data Reference box
	M.11.3 Fragment Table box (superbox)
	M.11.3.1 Fragment List box

	M.11.4 Cross-Reference box
	M.11.5 JP2 Header box (superbox)
	M.11.5.1 Image Header box
	M.11.5.2 Bits Per Component box

	M.11.6 Codestream Header box (superbox)
	M.11.7 Compositing Layer Header box (superbox)
	M.11.7.1 Colour Group box (superbox)
	M.11.7.2 Colour Specification box
	M.11.7.3 METHDAT field specifications in the Colour Specification box
	M.11.7.3.1   METHDAT values for the Enumerated method
	M.11.7.3.2   METHDAT values for the Any ICC method
	M.11.7.3.3   METHDAT values for the Vendor Colour method
	M.11.7.3.4   METHDAT values for the Parameterized method

	M.11.7.4 EP field format and values
	M.11.7.4.1   EP field format for the CIELab colourspace
	M.11.7.4.2 EP field format for the CIEJab colourspace

	M.11.7.5 Channel Definition box
	M.11.7.6 Opacity box
	M.11.7.7 Codestream Registration box
	M.11.7.8 Pixel Format box

	M.11.8 Contiguous Codestream box
	M.11.9 Media Data box
	M.11.10 Composition box (superbox)
	M.11.10.1 Composition Options box
	M.11.10.2 Instruction Set box
	M.11.10.2.1 Instruction parameter


	M.11.11 Association box (superbox)
	M.11.12 Number List box
	M.11.13 Label box
	M.11.14 Binary Filter box
	M.11.15 Desired Reproductions box (superbox)
	M.11.15.1 Graphics Technology Standard Output box

	M.11.16 ROI Description box
	M.11.17 Digital Signature box
	M.11.18 XML box
	M.11.19 MPEG-7 Binary box
	M.11.20 Free box
	M.11.21 Compositing Layer Extensions box
	M.11.22 Compositing Layer Extensions Info box
	M.11.23 Multiple Codestream box
	M.11.24 Multiple Codestream Info box
	M.11.25 Grouping Box
	M.11.26 Decomposed XML box
	M.11.27 XML Header box

	M.12 Dealing with unknown boxes
	M.13 Using the JPX file format in conjunction with other multi-media standards (informative)
	M.14 Decomposing an XML document into multiple boxes

	Annex N  JPX file format extended metadata definition and syntax
	N.1 Introduction to extended metadata
	N.2 Additional references for extended metadata
	N.3 Scope of metadata definitions
	N.3.1 Image Creation metadata
	N.3.2 Content Description metadata
	N.3.3 History metadata
	N.3.4 Intellectual Property Rights metadata
	N.3.5 Fundamental metadata types and elements
	N.3.6 Image Identifier metadata

	N.4 Metadata syntax
	N.4.1 Metadata schema definition language
	N.4.2 Namespace
	N.4.3 Document type definition information
	N.4.4 XML Schema information

	N.5 Defined boxes
	N.5.1 Image Creation metadata box
	N.5.2 Content Description metadata box
	N.5.3 History box
	N.5.4 Intellectual Property Rights box
	N.5.5 Image Identifier box

	N.6 Metadata definitions
	N.6.1 Image Creation metadata
	N.6.1.1 General Creation Information metadata
	N.6.1.2 Camera Capture metadata
	N.6.1.3 Device Characterization metadata
	N.6.1.4 Spatial Frequency Response metadata
	N.6.1.5 Colour Filter Array Pattern metadata
	N.6.1.6 Opto-electronic Conversion Function metadata
	N.6.1.7 Camera Capture Settings metadata
	N.6.1.8 Scanner Capture metadata
	N.6.1.9 Scanner Settings metadata
	N.6.1.10 Software Creation metadata
	N.6.1.11 Captured Item metadata
	N.6.1.12 Reflection Print metadata
	N.6.1.13 Film metadata

	N.6.2 Content Description metadata
	N.6.2.1 Person Description metadata
	N.6.2.2 Thing Description metadata
	N.6.2.3 Organization Description metadata
	N.6.2.4 Event Description metadata
	N.6.2.5 Participant metadata
	N.6.2.6 Event Relationship metadata
	N.6.2.7 Audio metadata
	N.6.2.8 Property metadata
	N.6.2.9 Dictionary Definition metadata

	N.6.3 History metadata
	N.6.3.1 Processing Summary metadata
	N.6.3.2 Image Processing Hints metadata
	N.6.3.3 Previous metadata
	N.6.3.4 Image Referencing metadata

	N.6.4 Intellectual Property Rights metadata
	N.6.4.1 IPR Names metadata
	N.6.4.2 IPR Description metadata
	N.6.4.3 IPR Dates metadata
	N.6.4.4 IPR Exploitation metadata
	N.6.4.5 IPR Management System metadata
	N.6.4.6 IPR Identification metadata
	N.6.4.7 Generic IPR Identifier metadata
	N.6.4.8 License Plate metadata
	N.6.4.9 IPR Contact Point metadata
	N.6.4.10 IPR History metadata

	N.6.5 Image Identifier metadata

	N.7 Fundamental type and element definitions
	N.7.1 Defined types
	N.7.1.1 Non-negative double type
	N.7.1.2 Rational type
	N.7.1.3 String including language attribute type
	N.7.1.4 Degree type
	N.7.1.5 Half degree type
	N.7.1.6 Double size type
	N.7.1.7 Integer size type
	N.7.1.8 DateTime type
	N.7.1.9 Address type
	N.7.1.10 Phone number type
	N.7.1.11 Email address type
	N.7.1.12 Web address type
	N.7.1.13 Person type
	N.7.1.14 Organization type
	N.7.1.15 Location type
	N.7.1.15.1   Coordinate location
	N.7.1.15.2   Raw GPS Information

	N.7.1.16 Direction type
	N.7.1.17 Position type
	N.7.1.18 Point type
	N.7.1.19 Rect type
	N.7.1.20 Region type
	N.7.1.21 Product details type

	N.7.2 Defined attributes
	N.7.2.1 Language attribute
	N.7.2.2 Timestamp attribute

	N.7.3 Defined elements
	N.7.3.1 Comment element


	N.8 JPX extended metadata document type definition
	N.9 JPX extended metadata XML Schema

	Annex O  Examples and guidelines, extensions
	O.1 Arbitrary decomposition examples
	O.2 Odd Tile Low Pass First (OTLPF) convention
	O.2.1 Example one (even tile sizes)
	O.2.2 Example two (odd tile sizes)
	O.2.3 Example three (TSSO/OTLPF)

	O.3 Multiple component collection example
	O.3.1 Array-based multiple component transform example
	O.3.2 Unitary decorrelation transformation factorization and reversible decorrelation transformation
	O.3.3 Dependency transformation, irreversible and reversible

	O.4 Background to enhancement of quantization
	O.5 Wrapping JPEG XR (Rec. ITU-T T.832 | ISO/IEC 29199-2) Codestreams by the JPX file format
	O.5.1 File Type box
	O.5.2 Reader requirements list
	O.5.3 Alpha channels encoded as a separate alpha image plane
	O.5.4 Image Header box
	O.5.5 Channel Definition Box
	O.5.6 Pixel Format box
	O.5.7 Colour Specification box
	O.5.8 Instruction Set box
	O.5.9 UUID Boxes carrying the JPEG XR PIXEL_FORMAT UUID value

	O.6 Representing floating point numbers within JPEG 2000
	O.7 Working with ROI Description boxes

	Annex P  Block coder extensions
	P.1 Selective arithmetic coding bypass (lazy mode)
	P.2 Enhancement of selective arithmetic coding bypass (fast mode)




