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ISO (the International Organization for Standardization) and IEC (the Inter-
national Electrotechnical Commission) form the specialized system for worldwide

£ 1SN0 TR, tha
standardization. National bodies that are members of ISO or IEC participate in the

development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity.

I$O and IEC technical committees collaborate in fields of mutual interest. Other
ifternationai organizations, governmental and non-governmentai, in liaison with
bO and IEC, also take part in the work.

P

1 1 ahlichad
It the field of information techno 108y, 15U and IEC have established a Juuu

tgchnical committee, ISO/IEC JTC 1. Draft International Standards adopted by the
Jjgint technical committee are circulated to national bodies for voting. Publication
a$ an International Standard requires approval by at least 75 % of the national
bpdies casting a vote.

Pt

nternational Standard ISO/IEC 12087-1 was prepared by Joint Technical
ommittee ISO/IEC JTC 1, Information technology, Subcommittee SC 24,
omputer graphics and image processing.

an

[

bO/IEC 12087 consists of the following parts, under the general title Iformation
¢chnology — Computer graphics and image processing — Image processing and
interchange (IPI) — Functional specification:

~ =

— Part 1: Common architecture for imaging

— Part 2: Programmer's imaging kernel systein® application programme
interface

— Part 3: Image Interchange Facility (IIF)

nnexes A to D form an integral part of\this part of ISO/IEC 12087. Annex E is
r information only.

= >
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Introduction

The processing of images is a requirement of many application areas of information processing. Early work
in these areas led to the development of many application program interfaces and a large number of image
representations for interchange. The purpose of ISO/IEC 12087 is to provide an application program interface
and an image interchange representation in order to increase the portability of application software.

ISO/IEC 12087 provides an architectural model for the representation and manipulation of images in a digifal
form. Based on this model, it defines an application program interface and an image interchange format) 14 is
applicable to all application areas that involve the processing, manipulation, or transfer of image data

ISO/IEC 12087 includes notes and exemplary material. Such material is non-normative: it i included sole ly
to aid understanding and does not form part of ISO/IEC 12087.

ISO/IEC 12087 initially comprises three parts:

1 Common architecture for imaging, which describes the common architectural material on which the
entire Standard is based;

2 Programmer’s imaging kernel system application program intetface, which defines processing opera-
tions to be carried out on image data;

3 Image Interchange Facility (IIF), which defines how itnages may be interchanged between applicatipn
programs.

Information may be interchanged between the application program, Programmer’s Imaging Kernel Systen
(IPI-PIKS), and Image Interchange Facility (IPI-IIF) (see figure ). Data paths between all three componerjts
are standardized in ISO/IEC 12087, as indicated by the solid lines; however, it is also permitted that imple-
mentations may use private, implementation-dependent data paths, shown by dashed lines; such data paths
are outside the scope of ISO/IEC 12087

There are a great many types of application that involve the use of images. The Computer Graphics Referenge
Model [ISO 11072] identifies-six main function classes (see figure 0.1):

image analysis — transformation of digital images to image and non-image data; this encompasses basic fun-
tions such-as’histogram generation, mean value determination, image classification, efc., but does npt
include-image understanding using artificial intelligence techniques.

image interptetation — the process of inferring symbolic scene descriptions from image data.

image presentation —  transformation of image data to a form suitable for an observer; e. 8., via video monitors,
printers, film recorders, etc.

image processing — transformation of digital images to digital images; e.g., grey value contrast enhancemert,

edge detection, etc.

image sensing — transformation of real-world information to digital images; e.g., via cameras, optical scan-
ners, etc.

image synthesis — transformation of non-image data to image data; this encompasses functions such as the
rendering of lines, creation of test images, simulation of sensor functions, letters of graphical text and
symbols, etc.

vii
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Application Program

standardized data flow

“““““ implementation-dependent data flow

Figure 0.1 — Data flow between the application program; IPI-PIKS, and IPI-IIF

>

s figure indicates, all these function classes involve the manipulation of a digital image; some function
asses also require information that is related to the data centained in the digital image but is itself non-image
in) nature. This image-related information is essential to many of the common operations performed on digital
thages and is therefore also described by ISO/IEC 12087.

O

—

I$O/IEC 12087 is also concerned with image, intérchange, the interchange of digital images among imaging
bplications; this serves for the communication of image data and related non-image data among imaging
applications.

o

The term ‘digital image’ used in [ISO'11072] is synonymous with the term ‘image’ as used in ISO/IEC 12087.
I{ is important to realize the distinction between ‘image’ (or ‘digital image’) as used in ISO/IEC 12087 and
the term ‘image’ as it may-be-used colloquially: in ISO/IEC 12087, ‘image’ (or ‘digital image’) refers to a
particular representatiomof-image data within a computer system. An image may not be viewed directly. To
view an image, an expliCit presentation step is involved, as figure indicates. Image data that are in a form
shitable for viewing'by an observer are termed ‘presentable’ image data in ISO/IEC 12087.

NOTE 1\(Some application areas, which might loosely be termed “image understanding,” utilize data derived from an
image by means of some analysis; such applications are therefore omitted from this ISO/IEC 12087. However,

—ISOAEC 12087 may beused-by-sueh-applications:

This part of ISO/IEC 12087 fulfills the following purposes:

a) It provides an overview of ISO/IEC 12087;

b) It defines a Common Architecture for Imaging, an abstract architectural model for the representation

viii
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Real : Digital
Sensing & Image Processing
World Image

Presentation

observer

Figure 0.2 — Classes of operations on images
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and processing of image data. The purpose of this model is to define a common set of data types and a
common image representation for use with all other parts of ISO/IEC 12087 and to provide a standard-
ized framework upon which future imaging standards may be built, allowing simplified conversion of
existing applications to the new standard.

¢) It defines rules to which conforming implementations shall adhere and the mechanism by which con-
formance is achieved.
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Information technology — Computer graphics
and image processing — Image Processing and
Interchange (IPI) — Functional specification —

Part 1:
Common architecture for imaging

1 Scope

ISO/IEC 12087 is concérned with the manipulation, processing, and interchange of all types of digital image
The main purpose of this part is to define a generic, unifying imaging architecture to which other parts
ISO/IEC 12087 coniform. This part of ISO/IEC 12087 also defines those “specializations” or “delineation
of the generic imaging architecture that are required to support IPI-PIKS and IPI-IIF.

The relationship of the different parts of ISO/IEC 12087 is shown in figure 1. This part of ISO/IEC 1208
describes material that applies throughout ISO/IEC 12087, including topics such as data types available f|

use in image data and image-related data, and a model for the processing of digital images by operators. Thepe

topics are presented in a general form, since it is intended that subsequent imaging standards will conform

bf

| 9s

7
DI

[o

the same architectural model.

Derived from this general description are more constrained descriptions of the same topics. The princip

al

reason for this process of delineation is to restrict the range of data representations for IPI-PIKS and IPI-IIF,
while simultaneously ensuring that IPI-IIF is capable of interchanging both IPI-PIKS data objects and objects

that cannot be represented or manipulated within IPI-PIKS.

ISO/IEC 12087 permits multiple Application Program Interface (API)s to be developed, each of which must be
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IPI-PIKS-Specific

IPI-IIF-Specific
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Architecture Architecture
IPI-PIKS IPI-IIF
(Part 2) (Part 3)

N3 o T

and ISO/IEC 12087-3.

Lol

Z

—

-

P

JO/IEC 12087 complies directly with all standards listed in clause 2.

Figure 1 — Relationship of the parts of ISO/IEC 12087

hsed on specific delineations of the imaging model described herein, Each API will be specified in a separate
art of ISO/IEC 12087. Any subsequent APIs developed as part of ISO/IEC 12087 must conform to the com-
on architecture described in this document, and must be extensions of the APIs described in ISO/IEC 12087-

SO/IEC 12087 is intended for use in a wide variety of environments where digital images are handled.

OTE 2 Application areas that are addressed by Image Processing and Interchange (IPI) include: image manipulation;
image enhancement; image analysis; and image transport. Application areas that are not addressed by IPI include:
computer graphics; image understanding; multimedia; device control; and window systems.

I§O/IEC 12087 is intended (fo,conform with other International Standards developed to handle digital
mages. Such standards include the JPEG [ISO/IEC 10918-1:1994], and MPEG [ISO/IEC 11172-1:1993]
compression standards,©Open Systems Interconnect [ISO/IEC 8824:1990], and Office Document Architec-
yre [ISO/IEC 8613] Those aspects of ISO/IEC 12087 that are concerned with the acquisition and display of
digital images conform with the Computer Graphics Reference Model [ISO 11072]. Furthermore, annex B of
[ISO 11072] describes how imaging fits within the general framework of that model. ISO/IEC 12087-3 uses
Apbstract Syhtax Notation 1 [ISO/IEC 8824:1990] in the definition of the image interchange format.
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2 Normative References

The following standards contain provisions which, through reference in this text, constitute provisions of this
part of the IPI Standard. At the time of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements based on ISO/IEC 12087 are encouraged to investigate the possibility of
applying the most recent editions of the standards listed below. Members of IEC and ISO maintain registers
of currently valid International Standards.

ISO/IEC 646:1991, Information technology, ISO 7-bit coded character set for information interchange.

ISO/IEC 8613:1989, Information processing — Text and office systems — Office Document Architectuyre
(ODA) and interchange format.

ISO/IEC 8824:1990, Information technology — Open Systems Interconnection — Specification of Abstrdct
Syntax Notation One ASN.1.

ISO/IEC 8825:1990, Information technology — Open Systems Interconnection”— Specification of Badic
Encoding Rules for Abstract Syntax Notation One (ASN.1).

ISO/IEC 9973:1994, Information technology, Computer graphics and<image processing — Procedures flor
registration of graphical items.

ISO/IEC 10918-1:1994, Information technology — Digital compression and coding of continuous-tone st
images: Requirements and guidelines.

ISO/IEC 11072:1992, Information technology — Computer graphics — Computer Graphics Referenfe
Model.

ISO/IEC 11172-1:1993, Information technology~— Coding of moving pictures and associated audio fpr
digital storage media up to about 1,5 Mbit/s <'Part 1: Systems.

CIE:1931, Proceedings of the eighth session, Cambridge, England, 1931. Bureau Centrale de la CIE, Paris.

CIE:1970, International Lighting-Vocabulary. CIE publication no. 17, third edition, Bureau Centrale de |a
CIE.

CIE:1976, CIE recommepdations on uniform colour space, colour difference equations, psychomatic colofir
terms. Supplement no. 2't0-CIE publication 15, Bureau Centrale de la CIE, Paris.

CCIR:1990a, Report 476-1, Colorimetric standards in colour television. Recommendations of the CCIR
1990, Annex to-Volume XI — Part 1 — Broadcasting Service (Television), CCIR, Geneva.

CCIR:1990b,.Report 624-4, Characterization of television systems. Recommendation of the CCIR 199D,
Annex to-Volume XI - Part 1 — Broadcasting Service (Television), CCIR, Geneva.

CCGIR:1990c, Recommendation 709, Basic parameter values of the HDTV standard for the studio and fpr
inteérnational programme exchange. Recommendations of the CCIR 1990, Volume XI — Part 1 — Broadcastifg
Service (Television), CCIR, Geneva. T

EBU:1975, EBU standard for chromaticity tolerances for studio monitors. Tech. 3213-E, Brussels.

DeMarsh:1974, Colorimetric standards in U. S. color television. A report by the subcommittee on systems
colorimetry of the SMPTE television committee. L. E. DeMarsh, Journal of the Society of Motion Picture
and Television Engineers, vol. 83.

NTSC:1954, NTSC signal specifications. Proceedings of the IRE, January 1954.
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For the purpose of ISO/IEC 12087, the following definitions apply.

3{1.1 digital image: Synonymous with image.

| PRSI WS | PRSPLNNN
1CIHICIHL. A CULICCUYC

(98]
[y
o
[
[
=
Q
c
=
€
w
[«
(=9
=
e}
(=9
a
»
O
la}
jal
cr
a

)
=
S
-

maoge data: Digi
mage data: 11

3|1.5 image-related data: Information that provides context for the interpretation of‘an image.

311.6 mechanism: A software element that performs control and management tasks.

(7]

1.7 operator: A software element that performs manipulation of)an’image or set of images. Permitted
perator types are image-to-image, image-to-non-image, and nonsimage-to-non-image.

Q

NOTE 3 Operators may be based upon other operators — iwhich case they are said to be high-level operators — or may
not, in which case they are said to be primitive. All classes of IPI-PIKS operators, tools, and utilities may be invoked
from an application program, but only operators.dnd utilities interface directly to the underlying system.

W

1.8 primitive operator: One of a small'set of low-level operators that is fundamental to image processing.

w

1.9 pixel: An abbreviation for the term ‘picture element.’

NOTE 4 Insome application areas, the term ‘pixel’ commonly refers to 2D images only, with separate terms (e.g., ‘voxel’)
being used to‘describe an element of a higher-dimensional image. In this Standard, the single term ‘pixel’ is used to
refer an element of an image of any dimensionality.

w

1,10\ picture element: A digital representation of one or more quantities at a particular location within an

—

image. A picture element may have an associated physical metric, size_or interval

3.1.11 tool: A software element that creates data objects to be used by operators. Examples of tools are test
image generation and the generation of mathematical functions.

3.1.12 atility: A software element that performs basic image manipulation operations (e.g., image import,
access, and memory management).
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3.2 Abbreviations

ISO/IEC 12087-1:1995 (E)

API Application Program Interface

CAl Common Architecture for Imaging

CCIR Comité Consultatif International des Radiocommunications
CGI Computer Graphics Interface

CGM Computer Sraphics Metafite

CIE Commission Internationale d’Eclairage

CMY Cyan, Magenta, Yellow (colour model)

CMYK Cyan, Magenta, Yellow, Black (colour model)
EBU European Broadcasting Union

GKS Graphical Kernel System

JPEG Joint Photographic Experts Group

IHS Intensity, Hue, Saturation (colour representation)
IIF Image Interchange Facility

MPEG  Motion Picture Experts Group

NMR Nuclear Magnetic Resonance

NTSC National Television Standards Committee

ODA Office Document Architecture

ODIF Office Document Interchange Format

PET Positron Emission Tomography

PHIGS  Programmer’s Hierarchical Interactive Graphics System
PIKS Programmer’s Imaging Kernel System

RGB Red, Green, Blue (colour representation)

ROI region of interest (defined in clause 4.4:2)

SMPTE Society of Motion Picture and Television Engineers

3.3 Diagrammatic Conventions

Diagrams are used throughout ISO/IEC 12087 to support textual descriptions. The graphical items that com-

prise these diagrams have a.consistent meaning, as shown in figure 2, unless indicated to the contrary.
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Figure 2 — Diagrammatic conventions
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4 The IPI architecture

4.1 IPIimaging architecture

In general, imaging systems deal with several types of data falling in the general categories of image data and
non-image data, all of which are normally related to physical phenomena. Examples of these categories are:

image data— grey-scale images, bi-tonal images, colour images, multichannel satellite datd,’)image
sequences, sequences of stereo pair images, efc.;

non-image data — look-up tables, histograms, text, graphics, regions of interest, etc.;

real world information — continuous physical variables such as light intensity and wavelength, pressure, terp-
perature, continuous chemical variables, etc.

For the purpose of ISO/IEC 12087, three categories of data types are defined:

basic data types — these are the data types that must be supported by the system upon which ISO/IEC 12087]is
implemented; the category includes both ‘elementary’ data types (e.g., Boolean, integer) and ‘derived’
(structured) data types (e.g., array, record).

image data types — these are derived data types that représent image data for the purposes of processing and
interchange.

non-image data types — these are derived data-types that represent image-related, but non-image, data
(e.g., region of interest).

These data types are defined in generalterms in this clause. Note that data types are regarded as identical [if
they are of identical structure with respect to the categories defined in this clause.

4.1.1 TIPI imaging medel

Figure 3 shows.the-relationship between the parts of an IPI implementation. In particular,

— IPEPIKS and IPI-IIF are self-contained parts of ISO/IEC 12087, and may be used either independenly
or'in conjunction by an application program;

¢— an application program may apply imaging functions via IPI-PIKS;

an-anplication nrooram mav importand-exnortimaces directlhvia IPL TTE-
PP progRi-ha Yy HRporane PoFt oS- aifecty-via1r1—11rs

— any interpretation of data types other than those of the three abovementioned categories must be per-
formed by the application program;

— an application program controls how and to what extent IPI-PIKS and IPI-IIF are used;

— an application program may use other standards for information processing (e.g., GKS, CGI, PHIGS)
or for data interchange (e.g., CGM, ODA/ODIF);
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Figure 3 — Interfaces between:application program, IPI-PIKS, and IPI-IIF

— an application program may perform user interaction as well as the display and presentation of images

— an application program is‘responsible for the consistent use of different standards.

ote that the parsing and-generation of an IPI-IIF data stream is capable of being performed both within IPI-
IFF itself, or in IPL-PIKS when importing or exporting images from an IPI-IIF data stream. The parsing and
Pneration capability within IPI-PIKS is a subset of that available in IPI-IIE. See clause 7 for further details.

The fundamental operator model for IPI contains three elements, which are summarized in figure 4. Note that
this model does not apply to IPI-PIKS Tools, Utilities, and Mechanisms. The three elements are:

an operator — which performs one of three possible conversions:

— source image data to destination image data;
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Figure 4 — Fundamental operatot processing model

— source image data to destination non-imagéidata;

— source non-image data to destination non<image data.

an image control element — which selects source image pixels to be processed, controls processing optioxs,
and selects which processed source.pixels are to be recorded in the destination image.

a neighbourhood control element —"a'means of describing a region around a pixel, not bound to any one pixEl,
that identifies source image-pixels to be processed and selects processing options, subject to the imajge
control.

NOTE 5 Theimage control and neighbourhood control elements serve distinct purposes. Image control is used to identify
that regién'of the image within which processing will occur: it is necessarily bound to the image. An example of this
is the,region of interest, discussed in this clause and elsewhere. However, neighbourhood control is used to specify
asmall region which is not bound to the image; an example of this is an impulse response array used by convolutipn
operators.

4.2 1PI basic data types

For the purpose of ISO/IEC 12087, two categories of basic data types exist: elementary data types and com-
pound data types. Compound data types are constructed from elementary data types via construction mech-
anisms (see clause 4.2.2). Other data types, such as image data types and non-image data types, shall refer to
basic data types.
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The basic data types directly comply with [1], which defines both simple and structured data types by the
properties that they exhibit. Detailed information regarding the definitions of the basic data types and the
basic operations that are supported are defined in [1]. Data types that are required by IPI but not defined in
[1] are fully defined below.

The lists of basic operations for the data types defined below are not intended to define strictly minimal and
complete sets of operations in a mathematical sense, but rather indicate important basic operations that are
necessary to cover practical applications. All the operations listed below are not necessarily available in

PIKS; they are included to limit any future APIs.

42.1 1IPI elementary data types

The elementary data types supported by IPI are as follows:

it

Boolean

haracter according to [ISO/IEC 646:1991]
omplex number

enumerated

null

nteger number

real number

btate

These types are defined in annex 8.4.3. Each of these generic elementary data types may be delineated into
one or more specific data types elsewhere in ISO/IEC>12087, which should then be treated as separate data

types.

42.2 IPI compound data types

Alcompound data type is a dataltype that is constructed by one of the following mechanisms, also defined in
aninex 8.4.3, from basic data types:

V; X -+ X N, array
haracter string
Choice

ist

pointer

ange

ecord

et

table

Images are comprised of a number of pixels. The pixel values of an image must be constructed from the
basic data types listed in clause 4.2. The construction mechanisms used to combine pixels into images are
the compound data types described in this clause. Similarly, all image-related and non-image data described
by ISO/IEC 12087 are constructed from the same elementary data types via the same construction mechan-
isms. Consequently, all these ‘structured’ or ‘constructed’ data types are referred to as derived data types for

10
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This clause considers the nature of the image data types that are represented and manipulated by
ISO/IEC 12087. All these data types are derived from the elementary data types of clause 4.2.1 using the

construction mechanisms described 1n clause 4.2.2. Two categories of image data type may be derived by tHis
method:

elementary image data type — or fundamental image data type in which the pixel values are|of an elemet-
ary data type or a compound data type whose elements are themselves of basic data fype;

compound image data type — in which the construction mechanisms of clause 4.2.2.aré used to combipe
images, which may themselves be either elementary or compound.

Both these categories are considered below.

4.3.1 IPI derived elementary image data types

An elementary image data type describes an image that is built from pixels whose values are referenced tola
single spatial position. An elementary image may be constructed from elementary data types using any of tie
compound data types of described earlier in this clause:

Note that IPI-PIKS is capable of representing-afid processing only particular categories of elementary image
data types internally, although its compound image aggregation facility (clause 5.4.3) permits the applicatiqn
program to represent a wider range of structures.

4.3.2 IPI derived compound image data types

The central idea behind. compound images in ISO/IEC 12087 is to provide structured access to large sets pf
related images. Heterogeneous image and non-image data collections can be combined into structures of arbjt-
rary complexity.-Pixel values may also be of arbitrary complexity: they could be elementary data types fpr
storing scalar-amplitude information; but they could also be compound data types for associating more com-
prehensive-and structured information with every pixel. Indeed, the compound image data types deliberate]y
provide iere than one way for structuring the same amount of data to optimally meet the demands of the
application. Multi-spectral images, for example, depending on the access mechanisms needed by the appli¢
ation.or the properties of the sensors, could be represented as:

— an elementary image whose pixel values are 1D arrays ol integers representing the intensities of the
respective channels;

— a 1D array of elementary images whose pixel values are integers representing the intensities in one of
the frequency channels, if regularly-spaced frequency channels have to be accessed at random;

— alist of elementary images whose pixel values are integers representing the intensities in one of the
frequency channels, if irregularly spaced frequency channels have to be accessed sequentially;

11
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— arecord of elementary images whose pixel values are integers representing the intensities in one of the
frequency channels, if the frequency channels are of different spatial resolutions or have to be accessed
by name.

In fact, a complete hierarchy of constructs can be achieved:

— individual pixels;
— 1,2,3,...,n-dimensional arrays of pixels;
— images comprising arrays of pixels and additional information;

— compound images of arbitrary complexity comprising different image and non-image data.types.

A compound image data type is a data type constructed by one of the following construction’mechanisms from
mage data types:

[

(1 X -+ x N,,) image array — an array of images of identical image datatype that can be accessed indi-
vidually by their indices (41,...,%,). Example operations: equal’relation, setting and retrieving of
individual components with random access. Examples of image arrays are identically-structured, local
high-resolution images of regularly-spaced test patterns for'the inspection of printed circuit boards or
integrated circuits, regular spatio-temporal sequences of §lice images through a beating heart, etc.

image list — an ordered image set. Individual images can‘be accessed only via successor/predecessor rela-
tions. Example operations: equal relation, is-empty, get-head, get-tail, append, cut, get-successor, get-
predecessor, iterate-through-list. Examples of the data type are collections of related images that can be
ordered according to their spatial, temporal, or frequency relation, e.g. stacks of Computerized Tomo-
graphy or Magnetic Resonance images through a tumour in a human body, time sequences of a mov-
ing heart or moving objects in industrial scenes, images obtained at different wavelengths or energies,

e.g. multi-spectral images, scattered X-ray images, spectroscopic sequences in Magnetic Resonance
Imaging, etc.

immage record —  a collection of(individually-named image data types and optional non-image data types. The
record components may be of different type and are accessed via their names. Example operations:
equal relation, appénd-component, remove-component, set-component, get-component. Examples of
situations in whicllimage records would prove useful include collections of images of an object that has
been imaged-with different sensors at different spatial, temporal, or frequency resolutions, e.g. images
of increasingspatial resolution that form an image pyramid, medical images of the same patient, etc.

image set —<_ 4 ‘collection of images of identical image data type. The images cannot be accessed individu-
ally. It is possible only to check whether or not an image belongs to a set. Example operations: equal
and subset relations, is-element-of, define-set-of, is-empty, apply-to-all-elements; set operations com-
plement, union, intersection. Examples of image sets are sets of template images representing a certain

class of objects, e.g. automobile parts, textures etc., that are only used to check whether or not an image
belongs to the class.

Note that image arrays, lists, and sets are analogous to compound data types but that image records are not,
since they may contain both pixel and non-pixel data. The operations that may be performed on these com-
pound data types conform with those described in [1].

12
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4.3.3 IPI derived image attributes

Image attributes carry information on how to correctly interpret the associated image data; they are inher-
ently bound to images. Hence, image attributes are relevant to both IPI-PIKS and IPI-IIF. Image attributes
may be attached either to elementary images (clause 4.3.1) or to compound images (clause 4.3.2). Attributes
that are not attached to pixel rasters but to higher-level structures of compound images are effective for all
lower level components (i.e., the inheritance of attributes is hierarchical). However, it is possible to overwrite
inherited attributes via their basic operations. Example operations for image attributes are: equal relatidn,
attach-attribute, remove-attribute, set-attribute, get-attribute.

This clause describes image attributes in a purely textual and behavioural manner; for details ofithe contdnt
and data types of image attributes supported by IPI-PIKS and IPI-IIF, see clause 5.4.4 and clause 6.3.2.

channel attribute — Many types of images can be thought of as being comprised of several ‘channels’ of daa.
The channel attribute provides information about the sensor models undeflying these channels thatlis
necessary for the analysis of channel information, e.g. the number of bitsused for quantizing the origirjal
sensor signals, sensitivity and noise characteristics of the sensors, spectral behaviour of the sensors, efc.

For example, a medical application might combine an MR and a'PET data set into a single IPI image;
the channel attribute would then be used to identify the MR and PET channels and to describe the char-
acteristics of the two devices that captured them. Similarly, colour images are generally digitized into
three separate channels, the first representing the red pixels, the second the green pixels and the thipd
the blue pixels, and the channel attribute could be used-to describe this.

colour attribute —  Since colour images form such an.jmportant class to the human observer, it is essential that
sufficient information is carried with a colour image for it to be reproduced accurately. Hence, a colopr
attribute is associated with colour images:“Note that a colour image has a single colour descriptin,
but a separate channel description for-each channel. This colour description encompasses all entitips
dealing with the mixing of amplitude)values of multiple channels in order to achieve accurate colopr
reproduction; this may consist ofithe colour representation involved (see annex 8.4.3), test colours fpr
regions of the image, etc.

control attribute — The purpese of a control attribute is to convey information that may be needed for sup-
sequent processing or, presentation of an image. This may include, for example, the match-point agd
the identifier of aTegion of interest associated with an IPI-PIKS image.

free-form attribute ==-The internal structure and syntax of the free-form description attribute is not spg-
cified within TSO/IEC 12087. It is application-dependent, and is provided to allow application-specixc
descriptive information to be attached to the pixel data of an image. It is left to the application to decidle
on the-actual way of storing and manipulating this information. No IPI-PIKS functionality is provid¢d
to, manipulate the content of the free-form description; any processing of this description must be per-
formed entirely by the application program.

One example for a free-form description which is defined in detail by an application-specific standatd
is the header information as defined by the ACR-NEMA standard for medical applications. It provides
specific formats for describing the nature of the image, orientation of the image with respect to the
human body, patient data, etc. Another example is the FITS format widely adopted in the observational
astronomy community, which allows tables of physical quantities associated with the recording process
to be transferred as part of the image description.

Note that the use of the free-form description attribute for transmitting image-related semantics within
IPI-IIF communication must be based on a transmitter/receiver agreement. Otherwise, these image-
related semantics will be lost for the receiver.

13
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representation attribute — The purpose of a representation attribute is to convey information regarding the
spatial nature of the imaging system that recorded the image. This will typically provide information
as to the size of the image, the data types of the pixel values, efc., but it may also include details such
as the sampling raster involved (e.g., rectangular or hexagonal), and the pixel aspect ratio.

4.4 IPI derived non-image data types

The following data types are considered to be non-image data types:

— basic data types, as defined in clause 4.2;

— image annotation data types (e.g., textual descriptions, graphical descriptions of beundaries, audio
tracks of motion pictures);

— image-related data types (e.g., colour look-up tables, histograms).

Non-image data types, unlike image attributes, are not necessarily bound to@n*image. Image annotation and
mage-related data types are described in the following paragraphs.

-

44.1 IPI derived image annotation data types

road categories of image annotation data types are ifitended to provide a flexible interface to other non-
ifnaging standards. These data types can be integrateéd into image data types to allow for textual, auditory,
and graphical descriptions of the image content according to some application-specific requirements. These
IPI-derived image annotation data types must be-constructed by an application program from the elementary
ta types discussed above.

xt, graphics, and audio data types are not defined within ISO/IEC 12087. These data types are referenced
ly via unique names. Their detailed structure must be defined by an application program in accordance

t some other standards (e.g./{ISO/IEC 8613], [3], [S]) and their consistent use has to be guaranteed by the
plication program.

4.2 IPI derived image-related non-image data types

ese non-image data types are also constructed from the elementary data types described in clause 4.2.1.
s with\image attributes, these types are described in a textual way by outlining their required functionality;
tails of the specific delineations are given in clause 5 and clause 6.

feature list — a collection of pairs of elements. The first element of the pair is a coordinate of a pixel, while
the second refers to a basic data type storing the associated feature. The feature list forms the basis of
the value bounds collection described in clause 5 and clause 6.

histogram — a construction that counts the frequency with which pixel values occur with respect to some
partition {V4,...,Vn} of the total range of pixel values. The partition elements V; (: = 1,...,N)

14
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could be defined as, for example, arrays of the lower and upper bounds of intervals along the axes of a
multi-band image, or as sets containing the pixel values falling into the associated partition elements.

Familiar examples of histograms are counts of the number of pixels with respect to some partition amp-
litude ranges, e.g. 8-bit grey values. However, histograms, as defined here, could also measure higher-
dimensional co-occurrence probabilities over multi-band images for cluster analysis or statistical mod-
elling (Markov models) of multi-sensor input; or, in non-destructive testing applications, the number of
regions in an image that match templates, thereby modelling structural defects.

Example operations on histograms are: check equality of two histograms, add an element to a histogra
get the current bounds of a partition element, set element counts to zero.

look-up table (LUT) — a structure that contains pairs of entries: the first entry of the pair is an input value fo
be matched, while the second contains a corresponding output value. Note that look-up tables are
restricted to mapping scalar onto scalar.

Look-up tables may be used for, for example, colour look-up tables for mapping scalar and non-sca
pixel data onto some colour representation, e.g. for display purposes using sommie colour coding sche

vice versa; and transfer functions correcting raw sensor data for some sengor characteristics or mappi
raw sensor data onto some application-specific internal representation,

Example operations on look-up tables are: check the equality of two tables; check whether entry (z, )
is a member of the table; add an entry (z, y) to the table, if it ishot already a member of the table; remoye
an entry (z,y) from the table, if it is a member; for input yalue z, if entry (z, y) is a member of the table,
get output value y; get current table length.

neighbourhood — a mechanism for defining a region of an-image; this region is not referenced to a particp-
lar position within an image. For example, a neighbourhood could be used for specifying an impulpe
response function for a convolution operator, Those particular representations of a neighbourhood thiat
are supported by ISO/IEC 12087 are deseribed in clause 5 and clause 6.

region of interest (ROI) — a Region of Interest (ROI) is defined as a general mechanism for pixel-by-pixel
selection, yielding a Boolean value for each pixel location of the image. In principle, the representatiopn
of a ROI could be, for example, via geometrical models (for circles, cylinders, etc.), via coordinates
(for rectangular regions), ok via a Boolean array of the same dimensions as the image. Those particular
representations of a ROI that are supported by ISO/IEC 12087 are described in clause 5 and clause §.

15
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583 JPLPIKS neighbourhood-eontrel

In IPI-PIKS, neighbourhood control is a complished by means of a neighbourhood object, which consists
of a fixed array of data values f identical data type. Such a neighbourhood array is typically much smaller
in dimensionai extent than an image. Common 1nstance of an image neighbourhood object are an impulse
response array and a ‘“10rphoiog ical structuring element array. The nature of the neighbourhood ¢ ntrol 18
operator-dependent. Further details of this topic are provided in ISO/IEC 12087-2.
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5.1.2 IPI-PIKS image control

Image control is accomplished in IPI-PIKS by two means: ROI control of the source and destination images
and match-point control.

An IPI-PIKS ROI may be conceptually thought of as an array of Boolean data type, each element of which is
associated with a pixel of an image. Separate ROIs are associated with source and destination images. Jointly,
source and destination ROIs determine which pixels of source images are to be processed and which pixels j:e
recorded in destination images. Furthermore, a ROI could be used to determine how the pixels of arlimage
are to be processed (e.g., taking the logarithm of each pixel value within a ROI and the square root of every
pixel value outside the ROI), though such a scheme is not yet used by any of the IPI-PIKS operators.

Each IPI-PIKS image has an associated match-point. Prior to processing, all source and destination images
undergo translation to align their match-points. A ROI bound to an image undergoes the same translation|as
the image to which it is bound.

Further specification of IPI-PIKS image control is provided in ISO/IEC 12087+2.

5.2 IPI-PIKS system control

IPI-PIKS system control performs four basic functions:

— data object management
— operational synchronization
— element chaining

-— €rror management

These functions are described\in'greater detail in the remainder of this clause.

5.2.1 Data object. management

IPI-PIKS treats all image and image-related, non-image data as abstract data objects internally. In IPI-PIKS,
the physical representation and storage methods of data objects are provided transparently to the application
by arl API implementation. The application need not be explicitly concerned with implementation methqds
suchas

= TUNIEIT data TEPIesemtation (2. g-, IMteger or ffoating=point);
— computational precision (e.g., 16- or 32-bit integers);

— data storage format (e.g., pixel interleaved or tiled bands).

AnIPI-PIKS implementation provides enquiry facilities concerning specific implementation methods but does
not specify physical representations.

17
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5.2.2 Operational synchronicity

IPI-PIKS provides for operation either synchronously or asynchronously. In the synchronous mode, each step
of a sequence of processes must be completed before the next step is initiated. In the asynchronous mode,
concurrent processing is permitted — provided, of course, that the input data are available to a process before
that process is initiated.

5l2.3 Element chaining

In image processing, it is common to link a series of processes together to achieve some desired result. IPI-
[KS provides such a mechanism, called element chaining, whereby chains of functions may be-explicitly
dentified and called for execution as higher-level entities. IPI-PIKS also provides a mechanism. for naming
hains and dynamically specifying their arguments.

o =

5{2.4 Error management

In any computing environment, errors may occur. It is important that such'errors are identified readily and
hndled gracefully. To this end, IPI-PIKS and IPI-IIF provide an error nianagement mechanism which permits
Ccurate error reporting but which does not usually abort processing:

o

5.3 IPI-PIKS basic data types

—

his clause defines specific representations of the generic data types described in clause 4 that are applicable to
IPI-PIKS. Unless explicitly stated in this clause; the generic data types are not carried forward into IPI-PIKS.

Basic data types have been described generically in clause 4.2. IPI-PIKS supports only a subset of these gen-
eric data types, as defined in this clause.

34

3.1 IPI-PIKS elementary-data types

P

PI-PIKS supports the-following elementary data types, as discussed in clause 4.2.1:

bit
Boolean
Character
Complex

enumerated
integer

null

real

state

All these types are consistent with annex 8.4.3. Two instances of the integer class are supported by IPI-PIKS:

18
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signed integer — as defined in annex 8.4.3;

non-negative integer —  as defined in annex 8.4.3 but with the additional restriction that only zero and positive

integers may be represented.

In IPI-PIKS, the enumerated data type is used to specify the values of options in IPI-PIKS functional elements
and data object attributes. Such options are limited in number — e.g., ‘up’ or ‘down.’ Option lists that can

potentially be extended are specified using a signed integer type — e.g., adding an additional arithmetic fur
tion to the dyadic operator (see ISO/IEC 12087-2).

The IPI-PIKS complex data type is composed of a doublet of real data types, which represent'the real a
imaginary parts of a complex number.

The state data type is used, for example, to describe whether the use of match-points is epabled or disabled.

The description of data types given in this clause is not prescriptive: an implementation may use differs
internal representations for the data types provided these meet the conformanee, criteria discussed in clausg
and elsewhere in ISO/IEC 12087. An implementation may also provide a datatype at more than one precisig
in which case they must be treated as separate types.

5.3.2 IPI-PIKS compound data types

IPI-PIKS supports the following compound data typesywhich are derived from the array, table, list, point
and record generic compound data types defined in clause 4.2.2. These tables indicate content only; orderi
of elements within each table is not implied.

character string — as described in annex 8.4.3. The character string shall not be exchanged by IPI-IIF.

choice — as described in annex 8.413. The choice shall not be exchanged by IPI-IIF.

C-

nd

nt

T,
ng

ID_ARRAY — an array of.data object identifiers that is used in the creation and manipulation of compoupd

images in IPI-PIKS-“An ID_ARRAY object is denoted by ID_ARRAY and consists of the followi
fields:

ENTRY NAME DESCRIPTION

length, N number of entries in array

identifier array | array of identifiers

Objects of type ID_ARRAY are internal to IPI-PIKS and may not be exchanged by IPI-IIF.

ID TIST — alist of data ohject identifiers that is used in the creation and manipulation of compound imag

in IPI-PIKS. An ID_LIST object is denoted by ID_LIST and consists of the following fields:

ENTRY NAME DESCRIPTION
first item identifier of first list_item

where list_item consists of the following fields:

19
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forward link
prior link
identifier

Objects of type ID_LIST are internal to IPI-PIKS and may not be exchanged by IPI-IIF.

ID_RECORD — arecord of data object identifiers that is used in the creation and manipulation of compound

images in IPI-PIKS. An ID_RECORD object is denoted by ID_RECORD and consists of the following

fields:
ENTRY NAME DESCRIPTION
length, N value
name tuple tuple of record names
identifier tuple | tuple of identifiers

where name tuple consists of the following fields:

3 TC ’
record name

and identifier tuple consists of the following fields:
N

[3 I D ’
identifier

Objects of type IDZRECORD are internal to IPI-PIKS and may not be exchanged by IPI-IIF.

pijel record — an'aggregate of B pixels, with each pixel value being of one of the elementary data types sup-
ported by IPI-PIKS. A pixel record consists of the following fields:
ENTRY NAME DESCRIPTION
length, N value
data type pivpl type B mplp
value 1 value
value 2 value
value B value

where the data type B-tuple consists of the following fields:
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&TC’
CHOOSE{‘BC’,'NC’,‘SC’,‘RC’,‘CC’ }
CHOOSE{‘BC’,‘NC’,‘SC’,‘RC’,‘CC’}

CHOOSE{‘BC’,'NC’,SC’,‘RC’,‘CC’}

pointer — as described in annex 8.4.3. The pointer shall not be exchanged by IPI-IIF.

tuple — an aggregate of object attributes combined with a collection of values of the same elementary data
type, which represents IPI-PIKS functional element parameters and image object pafameters.

A tuple object consists of the following fields:

ENTRY NAME DESCRIPTION
tuple data size | number of values
data type code | CHOOSE{‘BC’,‘NC’,‘SC’,‘RC*CC’,‘TC’}

value 1 value
value 2 value
value P value

This definition does not provide a constraint on theiimplementation of the tuple, since it is accessed only
via IPI-PIKS tools.

The definitions of the data type codes are giyen in table 1. The other compound data types defined in clausg 4
are not available within IPI-PIKS in their-general form. However, certain IPI-PIKS data types, both image
and non-image, are derived from these,generic compound data types.

CODE STRING MEANING

‘BC’ Boolean code

‘EC’ enumerated code

‘NC’ non-negative integer code
‘sc’ signed integer code

‘RC’ real number code

‘cc complex number code
‘TC’ text (character) string code

Table 1 — Codes for the externally-visible representations of IPI-PIKS-specific data types

NOTES

6 In some language bindings, it may not be possible to represent the tuple type directly.

7 InIPI-PIKS, the choice compound data type is used implicitly, via the CHOOSE{-} operator, as a means of choosing
a subset of the generic data types for the IPI-PIKS-specific data types.

8 InIPI-PIKS, the pointer compound data type is used to abstractly identify a data object, a variable of a particular data
type.
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An identifier uniquely denotes an IPI-PIKS data object.

NOTE 9 Identifiers may be implemented as pointers.

I=|

his clause contains a number of tables that describe the content of certain data aggregates. These tables indic*
te content only; ordering of elements within each table is not implied.

&

5/4.1 [IPI-PIKS derived data types

—

PI-PIKS supports several image data types that are derived from the compound datatypes defined generically
i clause 4. An IPI-PIKS image has the following attributes associated with it:

ATTRIBUTE DESCRIPTION
representation | representation description.identifier
channel channel description identifier
colour colour description.identifier
control control description identifier

The details of these image-related descriptions are défined in clause 5.4.4.

4.2 IPI-PIKS compound image data types

n image is considered by IPI-PIKS\to be a five-dimensional (5D) data structure, where the indices have the

eanings indicated in table 2, (The designators X,Y, Z, T and B in this table represent the maximum sizes

ong each dimension. Howevet, an image is not necessarily an array (see clause 4.2.2) because the data type

ay vary with the b index\. Within each band (i.e., for any combination of z, y, z, t values but a fixed b value),
the data type must be homogeneous. This heterogeneity across the band dimension is intended to facilitate the

mbination of images from several, different sensors into a single IPI-PIKS image. Furthermore, to allow

eaningful namesto be associated with particular bands (e.g., * red "), IPI-PIKS provides access mechanisms
that accept a.band specification that is either numeric or textual.

INDEX RANGE INDEX MEANING
0<z< X spatial columns (horizontal)
0<y<y spatial rows (vertical)

0<z<Z7 depth pixel planes
0<t<T temporal pixel planes
0<b< B colour bands, spectral bands, or generic pixel planes

Table 2 — Dimensions of an IPI-PIKS Data Object

The array sizes X, Y, Z and T are constant and do not vary with the b index.
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Wherever applicable, IPI-PIKS specifies relationships between physical imaging coordinates (volume, timk,
wavelength) and the semantic indices (z, %, t, b) of an IPI-PIKS image. For example, figure 6 illustrates tle
physical relationship between a physical volume (horizontal, vertical, depth) and the IPI-PIKS volume indicgs
(z,y, z). The volumetric origin is atthe upper left front corner of the cuboid. Index z increases positively
lefi-to-right, horizontaily. Index g.incCreases positively top-to-bottom, verticaily. Index z increases positively
front-to-rear. The temporal index ¢ increases positively over a past-to-future time base. The index b, when
uged to degionate anectral image hande nimmorically fmaraacac smncieioale Furs S Tacom e o bt b o o1 oo
ustu U Usigiiae spitudl dilagt vaiils inuincricaiiy, incrcascs pUbluV51y 110111 a JIUWCL WV a HLIEILICL waveICigy
NOTES

11 The z left-té-right and y top-to-bottom index progression adopted by IPI-PIKS is consistent with the presentati¢n
format of most imaging systems.

12 In many-computer graphics software systems, the y index progression is bottom-to-top.

13 IRDDIKS provides for the specification of a generic five-dimensional image in which the {z,y, 2,¢, 5) have fo
semantic meaning.

14 To avoid confusion, the term ‘band’ is reserved for the index name of colour and multispectral images only.

The 5D epresentatlon of images employed by IPI-PIKS is adequate for the majority of applications; however,
when a task naturally lends itself to highly structured image representations, the 5D r epresentation may not
be appropriate. For this reason, a facility is provided by which several 5D images may be combined into
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Figure 7 — Aggregation of Image References into a List

composite image. This aggregation mechanism does not increase the dimensionality of IPI-PIKS images
bove five, but does permit IPI-PIKS images to be loosely associated. Aggregation aims to minimize\memory
quirements, to avoid the duplication of image data, and (if necessary) to permit the same imagé-data to be

imultaneously combined into different logical structures.

he location and representation of an image within IPI-PIKS is necessarily not visibledo the application; the
pplication program merely has access to a reference to an image. The image aggregation mechanism provides
e application program with a means for combining a number of image referenCes-into a single entity. This

ntity might be any of the array, list, or record data types described in clause 4.2.2-applied to image identifiers.

unctions are provided within IPI-PIKS to perform aggregation, de-aggregation, and access to the individual

mages of an aggregation. These are described in ISO/IEC 12087-2. Note'that the image aggregation facilities

re only required to be available in a full implementation of IPI-PIKS.

he IPI-PIKS operators do not themselves process composite images; the application program must explicitly
Ktract image references from aggregate data structures and pass them to operators. However, when composite
hages are used in conjunction with operator chaining;the program is able to effectively define a loop over a
t of images in a portable manner.

p provide an example of how these image aggregation facilities may be used, figure 7 illustrates three image
ferences that have been aggregated into a-(doubly-linked) list of images. The first of the three images is
ferred to by an “aggregation reference,”and each member of the list indicates where the next and prior list

niembers are located.

4.4 TPI-PIKS image object attributes

nly a subset of-the image attribute descriptors described in clause 4 are supported within IPI-PIKS; those
tributes that ar€supported are also constrained in their content. The supported attribute descriptors are spe-

fied below. Further details concerning these attributes and the functionality associated with them are given
ISO/IEC12087-2.

representation attribute — this attribute contains information concerning the image dimensions, and the rep-

resentation of the image bands, where the image structure codes are defined in annex 8.4.3.

ENTRY NAME DESCRIPTION
image size image size 5-tuple
band data type | pixel data type B-tuple
image structure | image structure code
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where the image structure codes are defined in annex 8.4.3. The image size 5-tuple consists of the fol-

lowing fields:

‘NC’
X size value
Y size value

Z-size-vatue
T size value
B size value

and the pixel data type B-tuple consists of the following fields:

‘TC’
CHOOSE{‘BC’,‘NC’,‘SC’,‘RC’,‘CC’}
CHOOSE{‘BC’,NC’,‘SC’,‘RC’,‘CC’}

CHOOSE{‘BC’,‘NC’,‘SC’,‘RC’,‘CC’}

where CHOOSE{ -} represents the choice data generator, which is introduced in clause 5.3.2. The pér-

mitted values of the image structure code are defined-in annex 8.4.3.

channel attribute — this attribute gives details of the pixel precision of each channel of an IPI-PIKS imag

There are B entries in this attribute in a B-band image.

ENTRY NAME

DESCRIPTION

band pixel precision

bits/pixel B-tuple

where the channel attribute 'B-tuple consists of the following fields:

‘NC,
value-forband 1
value for band 2

value for band B

o

colour attribute — this attribute describes, for colour images only, the colour representation used. The per-
missible colour representations are defined in annex 8.4.3.

ENTRY NAME DESCRIPTION
colour representation | colour representation code
white point specification of white point or NULL
control attribute —  this attribute carries references to the various image-related data structures that determine

how the image will be affected by processing operators.
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PI-PIKS supportis the following non-image data objects, which are derived from the pointer, array, table, list,
and record generic compound data types defined in clause 4.2.2.

—

chain — a data type which is used to store the identifier of a chain in IPI-PIKS. Objects of type chain are
internal to IPI-PIKS and may not be exchanged by IPI-IIF.
histogram il f object attributes combined with an arr.

s combined with an array of E entries (E being a positive integer),

Oong Some

A Lat
e uniformly quantized betWween

lower and upper amplltude bounds The anay has a spemﬁed size. A histogram object is dénoted py
HIST and consists of the following fields:

ENTRY NAME DESCRIPTION
array size, £ value
lower amplitude bound | value
upper amplitude bound | value

histogram data

Leiaill Uawa

look-up table — an aggregate of object attributes combined with a table'of'the same elementary data typ¢s.
The table has a specified size. A lookup table object is denoted by LUT and consists of the followihg

fields:
ENTRY NAME DESCRIPTION
table entries number of entri€s in table
table bands number of gutput values for each table entry

input data type | CHOOSE{*“NC’,‘sC’}
output data type | CHOOSE{‘BC’,‘NC’,‘SC’,‘RC’,‘CC’}
table tablé data

matrix — a two-dimensional array of values of integer, real or complex data type with associated descriptive
information. A matrix object:is.denoted by MATRIX and consists of the following fields:

ENTRY NAME DESCRIPTION
column size value
row size value
matrix data type | CHOOSE{‘NC’,‘SC’,‘RC’,‘CC’"}
array array data

neighbourhodd array —  an aggregate of object attributes with an array of up to five dimensions of values of the
sameé. elementary data type, which represents a neighbourhood processing structure. A neighbourhopd
atray object, denoted by ‘NBHOOD_ARRAY’, consists of the following fields:

ENTRY NAME DESCRIPTION

data type CHOOSE{‘BC’,‘NC’,‘SC’,'RC’,‘CC’}

neighbourhood size | neighbourhood size 5-tuple

key pixel key pixel 5-tuple

scale factor value

semantic label one of: generic, dither, impulse response,
mask, structuring element
CHOOSE{‘GL’,'DL’,‘IL’,'ML’,‘SL’}

neighbourhood neighbourhood array data
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where the key pixel and scale factor are explained in annex G of ISO/IEC 12087-2.
The neighbourhood size 5-tuple consists of the following fields:

5

Ne?

first index array size value
second index array size value

third index atray size valuc
fourth index array size value
fifth index array size value

The key pixel 5-tuple consists of the following fields:

‘Ne?
first index key pixel value
second index key pixel value
third index key pixel value
fourth index key pixel value
fifth index key pixel value

NOTES

16 The key pixel offset is measured with respect to the origin of the neighbourhood array.

17 Unspecified values in the tuple are represented as NULLs.
RQI data objects — Further details on the semantic use of all ROI data objects are given in ISO/IEC 12087-2.

RQI array — an aggregate of object attributes\with a five dimensional array of values of the Boolean data type,
which represents a region-of-interestnrask. A ROI array object is denoted by ROI_ARRAY and consists
of the following fields:

ENTRY NAME | DESCRIPTION
ROI size ROl size 5-tuple
ROI ROI array

The ROI size 5-tuple consists of the following fields:

5

‘e

X size value
Y size value

Zsize value
T size value
B size value

and is the size of a box which bounds the ROI.
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ROI coordinate coliection — a coliection of obiect attributes combined with a list of 5D coordinates of the

non-negaiive integer data type, wmcn specifi mask. A ROI coordinate coiiection object is

ENTRY-NAME
ROI size
collection size
polarity FALSE'}
ROT atng
IN/L 11atcd
The ROI size 5-tupie consists of the foliowing fieids
5
‘NC’
X size value
Y size value
Z size value
T qiza valiia
4 DlLv vaiuo
B size value
andic tha cira Afa lhaw shhinl At ds o DNL
aliu 1d UIC D140 Ul a DUA WIIL1] DOULIUD UIC NULIL
A ROI coordinate collection of E entriesconsists of the following fields:
(D) (0 ~(0) +(0) h(0)
wAVv) J\V) ~“\V) viv) YY)
z(e) y(e) 2(e) t(e) b(e)
/T 1)\ g nl 1)\ I8 nl 1\ /T 1\ 1/ 1 1\
o —1) yoe—1) zo—-1) to—1) oleg—1)
ISO/IEC 12087<2 contains a description of the construction process for a ROI coordinate list object.
ROI elliptical™~“an aggregate of iject attributes combined with a sequence of values, which specifies|a
region=of-interest mask in terms of a filled elliptical shape. A ROI elliptical object is denoted by
ROI_ELLIP and consists of the following fields:
ENTRY NAME DESCRIPTION
ROI size ROI size S-tuple
ellipse centre ellipse centre 5-tuple
ellipse axis length | axis length 5-tuple
index manipulate | index manipulation 5-tuple
Al ann ain of e ATIAAAT A (AT (Aarmd CamI (mmo )
Qaiimension CnoUsKk{ 1D, 2D, 30,40, 5D }
nalarity ArINACE ‘mRIT’ ‘AT om’)
pularit “hvVvon) LRUL,, fALOL j

The ROI size 5-tuple consists of the following fields:

3%}
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[~
J

‘NC?

X size value
Y size value
Z size value
mo_ 1

4 S1Z€ valuc
B size value

‘RC
x index ellipse centre
y index ellipse centre
z index ellipse centre
t index ellipse centre
b index ellipse centre

The axis length S-tuple consists of the following fields:

5

‘RC’

z index ellipse axis length
y index ellipse axis length
z index ellipse axis length
t index ellipse axis length
b index ellipse axis length

The index manipulate 5-tuple consists of the following fields:

5

‘Ne?

X index manipulate value
Y index manipulate value
Z index manipulate value
T index manipulate value
Biindex manipulate value

ISO/IEC 12087-2 contains a description of the construction process for a ROI elliptical object and its

properties

ROI generic — an identifier of one of the specific ROI data objects. A ROI generic object is denoted by
ROI_GEN; it consists of the following field:

ENTRY NAME DESCRIPTION
ROI ROI identifier
ROI size ROI size 5-tuple
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ROI polygon sequence — an aggregate of object atiributes combined with a sequence of two-dimensional
coordinates of the non-negative integer data type which specifies a region-of-interest mask in terms of
a filled polygon. A ROI polygon list object is denoted by ROI_POLY consists of the following fields:

ENTRY NAME DESCRIPTION
ROI size ROT size 5-tupie
sequence size number of 2D coordinates in sequence
mdex—maninulata amdas oo H A PPN /PN |
OO TTIanIpuTatt O ATIIaTpaiatioirJ lul}lU
ROI polygon sequence
polarity CHOOSE{‘TRUE’, ‘FALSE’}
The ROI size 5-tuple consists of the following fields:

‘N’
X size value
Y size value
Z size value
T size value
B size value

and is the size of a box which bounds the ROI.
A ROI polygon sequence of E entries consists ofthe following fields:

z(0) y(0)
z(e) y(e)
z(E-1) y(E-1)
The index manipulate)5-tuple consists of the following fields:
‘NC’
X)index manipulate value
Y index manipulate value
Z index manipulate value

T index manipulate value
B index manipulate value

ISO/IEC 12087-2 contains a description of the construction process for a ROI polygon sequence object
and its properties.

ROI rectangular — an aggregate of object attributes combined with a sequence of values, which specifies a
region-of-interest mask in terms of a filled rectangular shape. A ROI rectangular object is denoted by
ROI_RECT; it consists of the following fields:
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ENTRY NAME

DESCRIPTION

ROl size

start position

end position
index manipulate
dimension
polarity

ROl size 5-tuple

start position 5-tuple

end position 5-tuple

index manipulation S-tuple
CHOOSE{‘1D’,‘2D’,*3D’,4D’,'5D’ }
CHOOSE{‘TRUE’, ‘FALSE’}

© ISO/IEC

The ROI size 5-tuple consists of the following fields:

5

Ne?

X size value
Y size value
Z size value
T size value
B size value

and is the size of a box which bounds the ROL
The start position 5-tuple consists of the following fields:

5

‘Ne

x index start position
y index start position
z index start position
t index start position
b index start position

The end position 5-tuple consists of'the following fields:

5

Ne?

z index end position
y index end-position
z index end-position
t indexend position
b index’end position

Theindex manipulate 5-tuple consists of the following fields:

32
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X index manipulate value
Y index manipulate value
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T index manipulate value
B index manipulate value
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ISO/IEC 12087-2 contains a description of the construction process for a ROI rectangular object and its
properties.

static array —  an aggregate of object attributes with an array of up to five dimensions of values of the same ele-
mentary data type. A static array object, denoted by STATIC_ARRAY, consists of the following fields:

ENTRY NAME DESCRIPTION
array size array size 5-tuple

semantic label | one of: generic, power spectrum, transfer
function, windowing function
CHOOSE{‘GL’, ‘PL’, ‘TL’, ‘WL’}

data type CHOOSE{‘BC’,‘NC’,‘SC’,‘RC’,‘CC’ }

array array data

The array size 5-tuple consists of the following fields:

5

‘Ne?

X size value
Y size value
Z size value
T size value
B size value

value bounds collection — a data structure that is uséd only by the IPI-PIKS routine of the same name. [It
consists bf
an aggregate of object attributes combinéd with an ordered list of entries [z, y, 2, t,b, S(z,y, 2, t, b]],
which contains the image index set [z,79, 2, t, b] of non-negative data types (‘NC’) and the associatg¢d
pixel value S(z,y, 2, t, b) for each’pixel whose value lies within some specified amplitude bounds. |A
value bounds collection is denoted by VALUE_BOUNDS and consists of the following fields:

ENTRY NAME DESCRIPTION
collection size value
lower amplitude bound | value
upper amplitude bound | value
pixel data type CHOOSE{‘BC’,NC’,‘SC’,‘RC’ }
collection value bounds collection data

A yalue bounds list of E entries consists of the following fields:

z(0) ¥(0) z(0) t(0) 5(0) S[(0),4(0), 2(0), £(0), 5(0)]

20)  wle)  ae)  te)  be) Sle(e). ule). 2(e). te).ble)]
2(B—-1) y(E-1) 2(E—1) t(F-1) b(E-1) Sfz(E—1),y(E-1),2(E —1),t(F - 1),b(E — 1)]

virtual register — a data type which supports storage of values within IPI-PIKS and can be used for com-
munication, synchronization, and process control within IPI-PIKS only, i.e. cannot be interchanged by
IPI-IIF. It consists of the following fields:
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ENTRY NAME DESCRIPTION

data type code | CHOOSE{‘BC’, ‘NC’, ‘SC’, ‘RC’, ‘CC’, ‘TC’, ‘ID’, ‘IP’}
status flag VREG_SET or VREG_.CLEARED

value value

An implementation of an IPI-PIKS binding is not required to represent each of the image attribute descriptors
in a separate data structure; their physical representation is entirely the prerogative of the implementation,

ithin the constraints outlined above. It is only necessary that an application program be able to enquire the
vplues of the attribute descriptors.

.6 IPI-PIKS data pragmata

e IPI-PIKS data types defined in this clause are abstractions conforming to some specialmathematical rules.
ch physical implementation of these IPI-PIKS data types has its own internal data typés. ,An implementation
of IPI-PIKS data types is a particular mapping from IPI-PIKS data types to internal-data types.

data pragmata is a description of a mapping between an abstract data typé.and a physical data type. IPI-
KS does not specify data pragmata, but ISO/IEC 12087 does provide guidelines for data type mappings, as
scussed in the following paragraph.

IPI-PIKS implementations may use any internal representation and\precision for the ‘BC’, ‘NC’, ‘SC’, ‘RC’,
d ‘CC’ elementary data types provided that their IPI-PIKS implementation meets minimal levels of con-
fprmance (see clause 8). In typical implementations, the ‘N ‘data type will be represented by an unsigned or
sitive integer. The signed integer data type is common in many implementations. Some implementations
ay choose to utilize signed integers in two’s complement format for the real arithmetic data type, while oth-
's may use a floating point representation. It should be noted that an implementation may choose a mixed
ppresentation in which some images are signed(integer, and others are floating point, for example. It is also
pssible within the IPI-PIKS abstract data type concept to support images of the same elementary data type
ith different levels of precision.

=9 4 0
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6 IPI-IIF-specific architecture

6.1 IPI-IIF imaging model

The imaging model used by IPI-IIF is identical to that described in clause 5, which is delineated from
the generic model of clause 4. IPI-IIF fulfills two purposes: the first is the definition of the IPI-IIF data

format for interchange of digital images; the data format is specified syntactically by means of ASN.Y (see
ISO/IEC 12087-3). Secondly, IPI-IIF incorporates a gateway whose purpose is to control the impbrt ahd
export of image data to and from application programs and to and from IPI-PIKS (see figure 3). ~This|is
achieved via an IPI-IIF “gateway,” the functionality of which is classified into the following categories:

import/export to application — these functions allow for the import and export of image data to and from the
IPI-IIF gateway by the application program.

compose/decompose — these functions provide facilities for inter-converting between the restricted dgta
types acceptable to IPI-PIKS and the more structured data types desctibed in clause 4 and in this clauge.
The ‘compose’ function synthesizes more structured data types fromsimpler IPI-PIKS-compatible d4ta
types, while the ‘decompose’ operation extracts the simpler IPI-PIKS data types from the more stryc-
tured ones. Hence, these functions effectively form a conversion mechanism between structured apd
unstructured representations.

parse/generate — these functions facilitate the reading and'writing of the IPI-IIF data stream according to the
IPI-IIF data format and IPI-IIF syntax described/in ISO/IEC 12087-3. The ‘parse’ function analyses
the IPI-IIF data stream and passes on the identified IPI-IIF data tokens to the internal data structures jof
the IPI-IIF gateway. The ‘generate’ function synthesizes an IPI-IIF data stream according to the IPI-I[F
syntax from the image representation used within the IPI-ITF gateway. (This IPI-IIF gateway represent-
ation need not be the same as that used by IPI-PIKS.)

image structure manipulation — thésefunctions provide the ability to attach attributes to images, etc.
gateway control functions — these functions provide explicit control over the action of an IPI-IIF gateway

(e.g., opening and clesing).

These categories 0f functionality are not necessarily orthogonal: for example, functions in the import/export
class may invoke,functions in the compose/decompose category, which may themselves utilize parse/genergte
functions.

To perform these functions, IPI-IIF has an API which may be used by an application program. These API
furictions are defined in Part 3 of ISO/IEC 12087.

There is a defined relationship between IPI-IIF and IPI-PIKS, which is described in clause 7.

6.2 IPI-IIF basic data types

All the fundamental data types defined in clause 4.2 may be represented and interchanged by IPI-IIF, but only
when built into a derived data type.
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6.3 IPI-IIF derived data types

IPI-IIF is capable of transferring all the data types used by IPI-PIKS unless otherwise stated in clause 5.

6.3.1 IPI-IIF derived image data types

IPI-IIF is capable of transferring both the image data types used by IPI-PIKS and the structured data types
described in clause 4.3.2. Indeed, it allows the level of structuring to be arbitrarily complex. For furthér
information, refer to ISO/IEC 12087-3.

6}3.2 IPI-IIF image attributes
IPI-IIF supports the following image attributes:

ATTRIBUTE DESCRIPTION
representation | representation description identifier
channel channel description identifier
colour colour description identifier
control control description identifier
free-form free-form description’identifier

=

hich are described briefly in the following paragraphs, The following attribute tables indicate required
riformation but do not constrain their placement within the IPI-IIF syntax. Full details of the attributes are
glven in ISO/IEC 12087-3.

—

channel attribute — this attribute consists\Of-three fields:

ENTRY NAME DESCRIPTION
channel type one of: bi-level, halftone, grey-value, colour, transpar-
ency, feature, application-specific
CHOOSE{‘BL’,'HT",GV’,‘CO’,TP’,'FE’,‘AS’}
band pix€lprecision number of bits/pixel
scanning characteristics | one of: scan type, gamma correction, quantization depths,
transfer function label, NULL
CHOOSE{‘ST’,‘GC’,‘QD’,‘TL’ }

For:an TPI-PIKS image, the type is always grey-value.

colopr attribute — this attribute consists of the following fields:

ENTRY NAME DESCRIPTION

colour system | one of the colour systems described in annex 8.4.3

colour space one of the colour spaces described in annex 8.4.3

white point the specification of a white point in CIE-XY Z system
of the 1931 standard (see annex 8.4.3) or NULL

test colours the specification of a sequence of test colours associ-
ated with particular regions of the image or NULL
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All fields in the colour attribute are optional.

control attribute — this attribute contains the following fields:

ENTRY NAME DESCRIPTION

ROl identifier | identifier of a ROI

ROI offset specification of a ROI offset
match point specification of a match point

free-form attribute — this attribute consists of an arbitrary stream of data. The content of this attrib@ife 1s n

interpreted by IPI-IIF.

representation attribute — this attribute contains the following fields:

ENTRY NAME

DESCRIPTION

image size
band data type
image structure code

coordinate system

dimension mappings

metric transformation

specification of the sizes of the image

specification of the data type of the bands of the image
a character string containing one.of the image structure
codes defined in annex 8.4.3

a description of the coordinate system in which the
image is represented or NULL

a sequence of dimension mappings, each of which
provides a physical description of the recording system
for one dimension of the image or NULL

one of: a standard transformation (e.g., quincunx), a
transformation matrix, a list of points, or NULL

where a dimension mapping consists ofithe following information:

identifier
coordinate axis

domain (e.g., spatial‘er spatial frequency)

unit of measurement

origin of measurement system

scale factor

6.3.3 IPI-HE derived non-image data types

6.3.371 ) TPI-IIF image annotation data types

IPL-IF provides facilities for the transfer of text, graphics, and audio annotation of images via the ImageA|
notationDataTypes entity of IPI-IIF. This takes the values TextDataDescriptor, GraphicsDataDescriptor,

n-
pr

AudioDataDescriptor for the three respective types of annotation. For further details, refer to ISO/IEC 12087-

3.

6.3.3.2 IPI-IIF image-related non-image data types

IPI-IIF defines the following image-related non-image data types:
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feature list — this consists of the following fields:

ENTRY NAME DESCRIPTION
number of coordinates | number of entries in the feature list
coordinate and feature | a sequence of feature descriptions

where each feature description has the following form:

coordinate of the feature in the image
feature number

hijtogram — this consists of the following fields:

ENTRY NAME DESCRIPTION
number of partition classes | number of entries in the histogram
partition class data type data type of the pixels of the image
from which the histogram.is\derived
partition classes a sequence of partition classes

Each partition class consists of the following fields:

lower boundary of partition
upper boundary of partition
count

logk-up table — this consists of the following fields:

ENTRY NAME DESCRIPTION
number of entries | number of entries in the look-up table
number of bands [\ number of output values for each table entry
input data type the data type that will be used to index the table
output data type* | the data type that will be output from the table
table entri€s a sequence of look-up table entries

where each table efitry consists of the following fields:

inpUtvalue
output value

mdtrix<— this consists of the following fields:

ENTRY NAME DESCRIPTION

column size value

row size value

matrix data type | CHOOSE{‘NC’,‘SC’,‘RC’,‘CC’}
array array identifier

neighbourhood — this consists of the following fields:

38


https://standardsiso.com/api/?name=2c55b778899b25bfcb400cb0bfe1ac9b

© ISO/IEC

ISO/IEC 12087-1:1995 (E)

ENTRY NAME

DESCRIPTION

neighbourhood size

specification of the neighbourhood size

key pixel
scale factor
semantic label

data type

specification of the key pixel

value used for re-scaling the neighbourhood
one of: generic, dither, impulse response,
mask, structuring element
CHOOSE{‘GL’,'DL’,‘IL’,'ML’,‘SL’ }
CHOOSE{‘BC’,‘'NC",*SC” ‘RC”,‘CC’}

neighbourhood

specification of the neighbourhood identifier

region of interest — this may be represented in a number of ways:

ROI array — this is a generalization of the IPI-PIKS ROI array.

ENTRY NAME

DESCRIPTION

ROl size
ROI

number of dimensions
dimension descriptors

number of dimensions of the ROI
sequence of dimensiondéscriptions
size of the ROI

identifier of a Bool€an array

ROI elliptical —  this corresponds to the IPI-PIKS ROI elliptical:

ENTRY NAME

DESCRIPTION

polarity

ROI size

ellipse centre
ellipse axis length
index manipulate
dimension

size of the elliptical ROI

ellipse centre

axis length

index manipulation specification
dimensionality of the elliptical ROI
CHOOSE{‘TRUE’, ‘FALSE’}

ROl interval — this is a generalization of the IPI-PIKS ROI rectangular.

ENTRY NAME DESCRIPTION

number of dimensions | number of dimensions of the ROI

ROI size size of the ROI

lowerboundary vector that gives the lower boundary of the ROI in each
dimension

upper boundary vector that gives the upper boundary of the ROl in each
dimension

index manipulate index manipulation specification

polarity CHOOSE{‘TRUE’, ‘FALSE’}

ROI polygon — this corresponds to the IPI-PIKS ROI polygon sequence.

ENTRY NAME

DESCRIPTION

ROt

ROI size

index manipulate
collection size

polarity

rdentifrerof cottectiomof coordimates

ROI size

index manipulation specification

number of coordinate values that define the polygon
ROI

CHOOSE{‘TRUE’, ‘FALSE’}

ROI set of coordinates — this is a generalization of the IPI-PIKS ROI coordinate collection.
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stal

ENTRY NAME DESCRIPTION
number of dimensions | number of dimensions of the ROI
ROI size size of the ROI
number of coordinates | number of coordinates in the ROI
coordinates identifier of coordinate values
polarity CHOOSE{‘TRUE’, ‘FALSE’}
ic array — an aggregate of object attributes with an array of up to five dimensions of values of the same ele-

mentary data type. A static array object, denoted by STATIC_ARRAY, consists of the following fields:

ENTRY NAME DESCRIPTION

array size size of array

semantic label | one of: generic, power spectrum, transfer
function, windowing function
CHOOSE{‘GL’, ‘PL’, ‘TL’, ‘WL’}

data type CHOOSE{‘BC’,'NC’,‘SC’,‘RC’,‘CC’}

array array data
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7 Relationship between IPI-PIKS and IPI-IIF

To ensure that IPI-PIKS and IPI-IIF correctly interact, it is necessary to specify the relationship between the

two parts, thereby ensuring mutual, consistent data exchange and control. This clause describes this relatio

n-

ship. Implementations of IPI-PIKS and IPI-IIF must conform with this specification, in both generic and spe-
cific terms; such conformance is intended to permit, for example, IPI-PIKS and IPI-IIF implementations to be

obtained from different suppliers

The standardized interface between IPI-PIKS and IPI-IIF is a data stream that conforms to the ASN.1 specifi
ation [ISO/IEC 8824:1990] described in greater detail in ISO/IEC 12087-3. As figure 3 shows, the parsing (f
import to IPI-PIKS) and generation (for export from IPI-PIKS) of the data stream lie within the domain of IP
PIKS. This parsing and generation facility within IPI-PIKS is in addition to the parsing and generation abiliti

of IPI-IIF. However, the data that are passed across the IPI-PIKS/IPI-IIF interface must centain only IPI-PIK

data types; images and related information with a higher degree of structure in the IPI-IF domain must
reduced to IPI-PIKS-compatible data types. These IPI-PIKS data types form a strict subset of the generic d4
types described in clause 4 and of the range of data types supported by IPI-IIF\(see clause 6). The mappi
between IPI-PIKS data types and the IPI-IIF data types in its IIF-PIKS profileyis given in ISO/IEC 12087-
When it is necessary to import an image over the IPI-PIKS—-IPI-IIF ASN.1 'data stream that may not be reprg
ented by an IPI-PIKS data type, the IPI-IIF import/export mechanism that resides within IPI-PIKS (figure
must perform the necessary conversion, with potential loss of information.

One consequence of the restriction on the data types that may be interchanged between IPI-PIKS and IPI-I
is that application programs which need to import and export data types or objects that are not supported 1
IPI-PIKS must do so outside the import/export mechanisms'defined by the API presented in ISO/IEC 12087
However, ISO/IEC 12087-3 defines an API for the interchange of these more structured types of informati

directly with the application program. Hence, it is\possible for an application to represent, interchange, and

process such extra-IPI-PIKS data in a program that conforms to ISO/IEC 12087.

ISO/IEC 12087 also permits an implementation-dependent data stream to exist between IPI-PIKS and IPI-II
the nature of such a data stream is not defined within ISO/IEC 12087. This feature is intended to allow impl
mentations that include both IPI-PIKS and IPI-IIF to use a more efficient communication mechanism th
an ASN.1 data stream. However, dependence on a non-standardized data stream may result in non-portab
applications.
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8 Conformance

This Standard specifies the functional capability of an IPI implementation. Where an implementation claims
to support a function defined in this Standard, the behaviour of the implementation shall match the function
definition.

8.1 Conformance of functionality

is permissible for a Standard-conforming IPI implementation to implement all the necessary non-IPI-IIF

nctionality of IPI-PIKS without any of the functionality of IPI-IIF. Similarly, a Standard-conformiing IPI
I‘nplementation may implement all the functionality of IPI-IIF without any of the functionality of IPI-PIKS.
equirements for IPI-PIKS and IPI-IIF functionality are determined entirely by the profile;mechanism (see
ause 8.4).

[ ==

s

n implementation conforms to the IPI standard if all of the following conditions are\met:

a) All implemented IPI API functions shall behave as specified by ISO/IEE 12087-2;
b) All implemented IPI IPI-IIF capabilities shall be as specified by ASO/IEC 12087-3;

c) All implemented functions shall conform to at least one of the.encodings or bindings specified in support
of this Standard;

d) The implementation conforms to least one of the Profiles specified in ISO/IEC 12087,

¢) A mechanism shall be provided that enables an application program to detect when extensions are being
used.

8.2 Conformance of accuracy-and precision

e

linimum constraints are normally:placed on the accuracy and precision of an implementation. The meanings
f these two terms are:

o

ac¢uracy — a measure'of-the fidelity with which a computed result compares with the mathematically correct
result;

prgcision — agmeéasure of the inherent quantization error of representation of a quantity.

(onforimance of accuracy is addressed as a documentation requirement in Conformance Profiles. Conform-
hce of precision is discussed in ISO/IEC 12087-2 and ISO/IEC 12087-3.

o

8.3 Extensions

Extensions are defined as those data types, API functions, and IPI-IIF capabilities that are not part of the base
standard. An implementation that satisfies the conformance constraints and provides additional, non-standard
functionality shall satisfy the following criteria to be a conforming implementation:
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a) Provide an enquiry mechanism for the detection of extensions;

b) Follow the rules and guidelines for this Standard and its corresponding language bindings and data

encodings;

¢) Clearly specify the extensions and document them as extensions;

d) Ensure that the extensions do not cause Standard-conforming application programs to work incorrectly.

Functions described in this Standard that are supplied by an implementation in addition to those required b3

particular application profile are considered as extensions to that profile. Mechanisms for detectingthe exip

ence of extensions are described in ISO/IEC 12087-2 and ISO/IEC 12087-3.

8.4 Conformance profiles

Profiles are a means of standardizing IPI implementations that have different futictional scopes, in order to sfit

a variety of users. Profiles represent a minimum level of capability that an IP¥implementation shall provi

and a maximum level of capability that an application program shall utilize. An implementation may excepd

the minimum requirements of a given profile. In this way, an IPI implementation may support multiple pi
files, each of which reflects a subset of the capabilities implemented.

Each profile contains sufficient function support and resouroes for it to be used effectively for its intend
purpose independently of other profiles. Given any two profiles, a single API or IPI-IIF implementation m
be provided that satisfies both profiles. This implies.that’a profile may not be defined with any restrictions
assumptions that could prevent this ‘profile compatibility’ principle.

In general, profiles may impose requirements 'on resource availability and functional capacity that may

interpreted as demands on a memory resource. For implementations that use dynamic memory allocation, the

interpretation of the profile may be takef.as to mean the total memory needed to satisfy all such requiremen
In this way, the same fixed memory-resource may be allocated in different manners to satisfy different sets
requirements for different profiles.

This clause explains the principle of the definition of profiles. The details of the profiles defined by IPI apd

their content are defined in ISO/IEC 12087-2 and ISO/IEC 12087-3.

8.4.1 Types-of profile

Three(types of profile are defined, the Foundation Profile, the Application Profile and the Full Profile.

-
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Foundation Profiles — there are two Foundation Profiles, one for IPI-PIKS and one for IPI-IIF. These specif

A TITTEy=ConforTming fevet of comparibility to IPI-PIKS and IPI-IIF respectively.

Application Profiles — serve users who may require different classes of functionality from ISO/IEC 1208
Such profiles consist of a list of particular IPI-PIKS functions and a level of IPI-IIF support. All Appli

7.
C-

ation Profiles, either included in the ISO/IEC 12087 or subsequently registered shall be supersets of

either the IPI-PIKS Foundation Profile or the IPI-IIF Foundation Profile. This means that an Appli

C-

ation Profile shall include support for all of a Foundation Profile’s required functions and interchange

capabilities and meets the resource requirements of that Foundation Profile.
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Full Profiles — include all permissible functionality available within ISO/IEC 12087. There are two Full Pro-

files, one for IPI-PIKS and one for IPI-IIF. A Full Profile is a superset of all Application Profiles.

The following information is contained in the definition of a profile:

— A name that is used to uniquely identify the profile, whether the profile is defined in ISO/IEC 12087 or
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18 subsequently registered.

— A list of API functions that are required to be present. Such a list shall be complete in the sense that
an implementation of only those functions may be used effectively for its intended purpose. It shall not
contain functions that are useless in the absence of any function that is not listed.

— A statement of the minimum support requirements. Note that these minimum values repre§eént the max-
imum capability that an application program may expect to be available.

ibject to approval by ISO, constituencies may impose other requirements in profiles, providing that such
quirements do not violate any of the rules for profiles stated in ISO/IEC 12087 Where latitude is permitted
the behaviour of a function or capability, there is a preferred behaviour; thispreferred behaviour is stated in
BO/IEC 12087. A profile shall not require a behaviour that conflicts with the)preferred behaviour. A profile
ay require a particular behaviour even if ISO/IEC 12087 indicates thatthe behaviour is implementation-
ependent.

4.2 Application profile registration

he profiles included in ISO/IEC 12087 are not expected to satisfy all future needs. Other profiles may be
gistered, when required, in the ISO Register of-Graphical Items [ISO/IEC 9973:1994] or via International
andardized Profiles.

4.3 Profiles defined by IPI

O/IEC 12087 defines severalprofiles for both IPI-PIKS and IPI-IIF. Table 3 shows those profiles for IPI-

IIIF that correspond to IPI*PIKS profiles, while table 4 shows those IPI-PIKS profiles that correspond to the

PI-IIF profiles.

IPI-PIKS PROFILE | CORRESPONDING IPI-IIF PROFILE
IPI-PIKS Foundation | IPI-IIF Foundation

IPI-PIKS Technical IPI-IIF Full IPI-PIKS

IPI-PIKS Scientific IPI-IIF Full IPI-PIKS

IPI-PIKS Full IPI-1IF Full IPI-PIKS

Table 3 — IPI-IIF profiles that correspond to IPI-PIKS profiles
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IPI-IIF PROFILE

CORRESPONDING IPI-PIKS PROFILE

IPI-IIF Foundation
IPI-IIF Full IPI-PIKS
IPI-IIF Full

IPI-PIKS Foundation
IPI-PIKS-Technical, Scientific, Full
none

Table 4 — IPI-PIKS profiles that correspond to IPI-IIF profiles
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Annex A

(normative)
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Structured image data types

he purpose of this annex is to indicate the way in which familiar classes of images fit inte, the TPI-PIKS
D image representation. The following paragraphs give textual descriptions of these image'cldsses. Case is
gnificant in the codes defined below.

nochrome (MON) — Two-dimensional structure of pixels of the same data type with X columns and Y’
rows. A bi-tonal image is a special case of a monochrome image; it possesses only two grey level states.

lour (COLR) — Three-dimensional structure of pixels of the same-data type with X columns, Y rows,
and three or four colour bands. Additive colour images have(thrée colour bands and subtractive col-
our images have four colour bands. The registered colour répresentations are described in annex 8.4.3.

lume (VOL) — Three-dimensional structure of pixels of the)same data type with X columns, Y rows, and
Z depth values.

ectral (SPE) — Three-dimensional structure of pix€ls of the same data type with X columns, Y rows, and
B spectral bands.

mporal (TEM) — Three-dimensional structure of pixels of the same data type with X columns, Y rows,
and 7" temporal values.

Jume-Colour (VC) — Four-dimensional structure of pixels of the same data type with X columns, Y rows,
Z depth values, and three(or)four colour bands. The supported colour bands are the same as for a colour
image.

lume-Spectral (VS) < Four-dimensional structure of pixels of the same data type with X columns, Y rows,
Z depth valuesyand B spectral bands.

ume-Temporal(VT) — Four-dimensional structure of pixels of the same data type with X columns, Y
rows{Z)depth values, and T' temporal values.

Temporal<Colour (TC) — Four-dimensional structure of pixels of the same data type with X columns,

Y rows, T temporal values, and three or four colour bands. The supported colour bands are the same

as fora cotourinmage:.

Temporal-Spectral (TS) — Four-dimensional structure of pixels of the same data type with X columns, Y’

rows, T' temporal values, and B spectral bands.

Volume-Temporal-Colour (VTC) — Five-dimensional structure of pixels of the same data type with X

columns, Y rows, Z depth values, T temporal values, and three or four colour bands. The supported
colour bands are the same as for a colour image.
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Volume-Temporal-Spectral (VTS) — Five-dimensional structure of pixels of the same data type with X
columns, Y rows, Z depth values, T temporal values, and B spectral bands.

Generic (GEN) — Five-dimensional structure of pixels of the same data type with dimensions of
(X,Y,Z,T,B). No interpretation is placed upon the semantics of the five dimensions by
ISO/IEC 12087.

NOTES

19 It is possible for different images, having different attributes, to refer to the same pixel data. This makeshit possilile
for an image to be considered as being of different structured data types according to the requiremerits of differdnt
operators. This is accomplished in IPI-PIKS by means of, for example, an ‘index reassignment’ méchanism.

ator definition. Some operators are three-dimensional in nature, e.g. temporal sequence average: Many operators

20 Some IPI-PIKS operators only provide functionality for a subset of the image structural types, a$défined in each opjtr-
inherently two-dimensional, e.g. unsharp masking. When applied to multi-band images,such operators process ea

depth, temporal, colour or spectral band independently.

This same information may be conveniently summarized in the followingytable. The values given in the
DIMENSIONS column refer to the numbers of possible subscript values for each of the {z,y, z,t, b} dimeh-

sions.

MNEMONIC MEANING DIMENSIONS
MON monochrome X, Y, 1,1,1

COLR colour X, Y,1,1,B
VOL volume XY Z,1,1

SPE spectral X,Y,1,1,B
TEM temporal XY 1,T,1

vVC velume-colour X,Y,Z,1,B
VS volume-spectral XY Z,1,B
VT volume-temporal XY, Z,T,1
TC temporal-colour X, Y, 1,T'B
TS temporal-spectral X,Y,1,T,B
VIC volume-temporal-colour | X,Y,Z,T,B
VTS volume-temporal-spectral | X,Y,Z,T, B
GEN generic XY, Z,T,B

h
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Annex B

(normative)

In

Structure codes

clause 5 and clause 6, mention is made of various ‘structure codes’. These are values that aré used within

IRI-PIKS or IPI-IIF or passed between IPI-PIKS and IPI-IIF to indicate the presence of various pieces of
information. This annex, which is normative, summarizes these codes and their meanings.

NPTE 21 Character codes have been chosen in preference to integers because of theif'mnemonic value.

MNEMONIC MEANING MNEMONIC MEANING

‘AS’ application-specific ‘Pl power spectrum label
‘BC’ Boolean data type ‘QD’ quantization depth

‘BL’ bi-level ‘RC’ real data type

‘cc’ complex data type ‘sc’ signed integer data type
‘co’ colour ‘sL’ structuring element label
‘DL’ dither label ‘ST’ scan type

‘FE’ feature ‘TC’ character string data type
‘GC’ gamma correction ‘TL’ transfer function label
‘GL’ generic label ‘TP’ transparency

‘GV’ grey-value ‘WL’ window function label
‘HT’ halftone ‘1D’ one-dimensional

‘ID’ internal identifier 2D’ two-dimensional

‘IP’ external identifier ‘3D’ three-dimensional

‘I’ impulse response label ‘4D’ four-dimensional

‘ML’ mask label ‘5D’ five-dimensional

‘NC’ non-negative integer data type
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Annex C

(normative)

The representation of colour

entation of colour is an important aspect of ISO/IEC 12087. Colour is a perceptual concept, not a stric
objective or physical phenomenon. Nevertheless, to permit the manipulation of{eolour data, various repr
entations have been developed. This annex, which is normative, describes these colour representations that
are supported by ISO/IEC 12087.

Image processing is a visual science and colour plays an important in the visual progess; hence the repr}s—

In discussing colour in relation to IPI, it is desirable to differentiate between the concepts of colour systets
and colour spaces:

colour system — a particular representation of colour thatis’independent of all other representations; it is rot
possible to convert from one colour system to.ancther in a fully colour-preserving way.

NOTE 22 However, within a given context,:such as fixed printing and viewing conditions, it may be possible to perfoqm
a conversion that will preserve colours:

colour space — a specific/instance of a colour system; colours represented within a particular colour spage
may be converted to other colour spaces that describe the same colour system.

Furthermore,th€term colour representation means, in the context of this Standard, a colour space associat¢d
with a specifie/colour system. The distinction between colour systems and colour spaces, which is illustrat¢d
in figurei8;-will become more apparent in the following paragraphs.

rix arithmetic.

IPI identifies the following colour systems:

CIE 1931 — the principal colour system used in image processing and computer graphics, defined for an
observer with a two-degree field of view; the fundamental space in this system is (X, Y, Z) [CIE:1931].
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ILLUMINANT Xo Yo Zo
A 1.098700 | 1.000000 | 0.355900
C 0.980708 | 1.000000 | 1.182163
D50 0.964296 | 1.000000 | 0.825105
D65 0.950456 | 1.000000 | 1.089058
E 1.000000 | 1.000000 | 1.000000

Table 5§ — XY Z tristimulus values for the white points of common illuminance

CIE 1964 — an alternative to the CIE 1931 system, defined for an observer with a ten-degree field of vie
the fundamental space in this system is (X1, Y10, Z10) [CIE:1976].

NOTE 24 This system is not currently supported in ISO/IEC 12087.

non-standardized RGB, CMY, CMYK, etc. systems — commonly used for images derived from non-CI
calibrated sources.

Within each colour system, several categories of representation are, identified. Most of these categories ha
associated parameters in order to describe them fully. Table 6 shoWws which colour representation falls in|

which category and indicates the type of associated informatior that is required to produce a complete descrip-

tion. For example, to derive L*a*b* from XY Z, one must specify a white point. IPI permits these associat
parameters to take on any valid values. Certain values for these parameters, corresponding to widely-used cq
our representations, are specifically supported and are.assigned particular names. These are listed in table

Additional parameterisations of colour representations will be supported by IPI if they are registered with t
appropriate registration authority — see clause'8.

For those representations that have been developed for broadcast television and related applications (s
table 7), certain illuminants (white.points) are in common use. IPI provides explicit support for fiy
commonly-used illuminants, the white-point (XY Z) tristimulus values of which are shown in table 5.

NOTE 25 The tristim@lus-values quoted in table 5, and the transformation matrices given later in this Annex, are quot
to six decimal.places. In some cases, this is a greater number of places than their original specification. The numb
of places has.been increased to avoid the introduction of spurious errors when concatenating transformations betwe;
colour representations.

Conversion between specific colour representations (for specific white points, in some cases) may frequent
be.represented as a matrix product. A matrix that converts one colour representation to another is termed
colour conversion matrix. Colour conversion matrices for common conversions are available in IPI-PIKS v|

I

ed

. '

Ne

7~

(=

ed

21

its data object repository and in IPI-IIF. These matrices are derived from the definitions listed below.

CCIR709 —
z Yy z
red 0.640000 | 0.330000 | 0.030000
green | 0.300000 | 0.600000 | 0.100000
blue | 0.150000 | 0.060000 | 0.790000
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CIE —
T Y z
red | 0.734690 | 0.265310 | 0.000000
green | 0.273680 | 0.717430 | 0.008900
blue | 0.166540 | 0.008880 | 0.824580
EBU —
x Y z
red | 0.640000 | 0.330000 | 0.030000
green | 0.290000 | 0.600000 | 0.110000
blue | 0.150000 | 0.060000 | 0.790000
NTSC —
T Y z
red | 0.670000 | 0.330000 | 0.000000
green | 0.210000 | 0.710000 | 0.080000
blue | 0.140000 | 0.080000 | 0.780000
SMPTE-C —

x Y z

red 0.630000 | 0.340000-1 0.030000
green | 0.310000 | 0.595000 | 0.095000
blue | 0.155000 | 0070000 | 0.775000

Within IPI-PIKS, colour images are represented as multi-band images that have an associated colour attribute
(3ee clause 5). There is a unique mapping of colour bands onto bands for those representations that are sup-
ported; these mappings are tabulated in table 9. Further detail of the various colour representations are given
in ISO/IEC 12087-2.

NOTES

26 IPI-IIF transports both the.names and the parameter values — both are useful, and providing both ensures that IPI-
IIF-encoded images can still be read correctly even if the colour standards are revised.

27 Additional categories,of representation are not permitted within this Standard, so that all implementations of IPI-IIF
will be able to handle all colours, even if more are registered. New categories of representation may be included only
by amending this Standard.

28 The ‘OTHER ATTRIBUTES’ column of table 6 indicates whether additional information is required. If this is the case,
such information (e.g., manufacturer and model of scanner) should be supplied as a character string. Such information
isaot interpreted by the IPI Standard.
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REPRESENTATION REFERENCE | PRIMARIES | WHITE | TRANSFER LUMINANCE OTHER
POINT | FUNCTION | COEFFICIENTS | ATTRIBUTES
CIEXYZ [CIE:1931] no no no no no
CIE Yzy [CIE:1931] no no no no no
CIEUVW [CIE:1970] no no no no no
CIE Yuv [CIE:1970] no no no no no
CIE L*a*b* [CIE:1976] no yes no no no
CIE L*u*v* [CIE:1976] no yes no no no
Linear RGB yes yes no no no
Gamma RGB yes yes yes no no
Luminance-chrominance yes yes yes yes no
non-standardized RGB no no no no yes
non-standardized CMY no no no no yes
non-standardized CMYK no no no no yes
non-standardized IHS no no no no yes

Table 6 — Supported types of colour representation, and their attributes

REPRESENTATION REFERENCE
Linear RGB
linear NTSC.RGB [CCIR:1990a], [CCIR:1990b]
linear EBU"RGB [CCIR:1990a], [CCIR:1990b], [EBU:1975]
linearfSMPTE RGB [DeMarsh:1974]
linear CCIR-709 RGB [CCIR:1990c]
Gamma RGB
gamma NTSC RGB [CCIR:1990b]
gamma EBU RGB [CCIR:1990b]
gamma SMPTE RGB [DeMarsh:1974)
gamma CCIR-709 RGB [CCIR:1990c]
Luminance-Chrominance
YIQ [NTSC:1954]
YUV [CCIR:1990b]
SMPTE YC,C. [DeMarsh:1974]

Table 7 — Standardized parameterisations of colours
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REPRESENTATION PRIMARIES | WHITE POINT | TRANSFER | LUMINANCE
T,y FUNCTION | COEFFICIENTS
CIE representations
XYZ no no no no
Yzy no no no no
uvw no no no no
Yuv no no no no
L*a*b* no yes no no
L*u*v* no yes no no
Linear RGB
linear NTSC RGB yes yes no no
linear EBU RGB yes yes no no
linear SMPTE RGB yes yes no no
linear CCIR-709 RGB yes yes no no
Gamma RGB
gamma NTSC RGB yes yes yes no
gamma EBU RGB yes yes yes no
gamma SMPTE RGB yes yes yes no
gamma CCIR-709 RGB yes yes yes no
Luminance-Chrominance
YIQ yes yes yes yes
YUv yes yes yes yes
SMPTE Y C,,C, yes yes yes yes

Table 8 — Parameter values for the standardized colour representations (non-normative)
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COLOUR SPACE CHANNEL 1 | CHANNEL 2 | CHANNEL 3 {JCHANNEL 4
CIEXYZ X Y Z null
CIE L*a*b* L* a* b* null
CIE L*u*v* L* u* u* null
CIEUVW U v W null
CIEYzy Y T y null
CIE Yuv Y U v null
MY C M Y null
CMYK C M Y K
gamma NTSC RGB R G B null
gamma EBU RGB R G B null
gamma SMPTE RGB R G B null
gamma CCIR RGB R G B null
IHS I H S null
linear CIE RGB R G B null
linear NTSC RGB R G B null
linear EBU RGB R G B null
linear SMPTE RGB R G B null
linear CCIR RGB R G B null
uncalibrated RGB R G B null
luminance-chrominance YIQ Y I Q null
luminance-chrominance YUV Y U \'% null
luminance-chrominance Y C,C, Y C, Cy null

Table 9 — Mappings Between Colours and Image Channels
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