INTERNATIONAL
STANDARD

ISO
19101

First edition
2002-07-01

Geographic information — Referenc
model

Information géographique — Modéle de référence

11

—_— Reference number
= — ISO 19101:2002(E)

©1S0 2002


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

ISO 19101:2002(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this

area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event

that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2002

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +41 22749 01 11

Fax + 4122 749 09 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

Contents
[0 (=1 o T (o \'%
1Y 1 o3 o o T Vi
1 £ oo o - 1
2 CON O M AN T TT—T———————————————— T TTr—r—————r_r] s s s s s a s aaaaanaan 1
3 NOrMatiVe referEnCeS ......coccuiiiiee i resss s rrses e ress s s rsssssssesnsssssensssssannssssennsssseanssssennnsbothede]eneennnsnnnnnnnnns 1
4 Terms and defiNitioNsS ... e rss s esss s e ssss s rnnssssennssssennsnssbpbonssnsefansssrnnnsnnrennen 1
5 Symbols and abbreviated terms ...........ccccvieeecciiiiiire s mn s b e s e e s s ennnnns fersereereennnaaan, 4
5.1 /Y 1] o T =3V = 14 [ Y -3 s NP AU FROO 4
5.2 (10 1 I T = 14 oY o S, SN FRO 5
6 Concepts and organization of the reference model...........cccoocmmrerreeee G e 5
6.1 Integration of geographic information with information technology.... ........cccocirrieeccnnnncecc o 5
6.2 Facus of standardization in the ISO 19100 series of geographic information standards ..{.................. 7
6.3 Reference model organization ...........ccccviiiiiniinn s f 7
6.4 Interoperability of geographic information.........ccccccveeeiiccec O [, 8
6.4.1 Definition of interoperability..........cccococimiiiiiiiinn Al e ——— 8
6.4.2 Aspects of interoperability ... O e e 9
6.4.3 Interoperability in the ISO 19100 series of geographi€istandards............cccevvvmriniiinnnnciccnfrnsenninnnn, 9
7 Conceptual Modelling .......cccovceiiiiiiiiirir s | ———— 10
71 Content of this ClAUSE .......ccoceeeii ittt ee e ss s s sssssssssssnsssnsnnnnnnn]nnnnnnnnnnnnnnen 10
7.2 Deéfinition of conceptual modelling........ccccccciih s ssnene e e e ses e fene e e e e e 10
7.3 Use Of this ClauSe .......ccevveeieii i ettt s et r e e e e e s e s e s e s e s s e e e s e s e s e e s s e e s e s s s s s esssssnssnssenensnens fseennnnnennnnnns 1
7.4 Specification of conceptual schema language for the ISO 19100 series of geographic

[Tg] {ed g e F=14TeT g I3 = T Lo F=T (o L3P URRPPPRRRTY ISP 1
7.5 The approach to conceptual Modelling..........ccueeeeeemmmemimmmmmmmmmemeeeeneennennnnnnnsssnnnsnsnsssnsssssssssssss | ssssssssnnnnnnes 1
7.6 Principles of conceptual modelling ... e 12
7.7 Mpdel integration ... s 13
8 The Domain reference MOdel ..........coiieeiiiieiiiii i s rsns s rrasss s renss s rsassssrenssssrennsssses fansssrennnssnen 13
8.1 CoONtent Of thiS ClAUSE it i i s s rrssa s e s s rrna s s rsans st ranssssrennssssannsssenrennns|eennssneennnnnns 13
8.2 Définition of Domain.reference mModel...........ccueiiiiieiiiie i rssss s rssss s rsnssssssnssssesnns rrsnsnssssennnes 13
8.3 Uses of the Domain-reference mModel ...........cceeciiiieiiiiiieiiiiieeii s rsss s s rsssssssensssssssnssssesns frrrsnssssseennes 14
8.4 Overview of the.Domain Reference model ..........uuueeeeiieieeeeememememeeececeeeeeeemnnensnnnnnsnsnsnsnsssssssssssss]srssssssssnnnnns 14
8.5 Use of abstraction levels in the Domain reference model ........ccccooviiiiiiiiieeeeeeeeeeeee e fereeeeeeeeeeeens 16
8.6 De¢tailed description of the Domain reference model ..........ccccveiiiiccccciecrrrin e fesseeee e, 17
8.6.1  INErOAUEEION ... ..o r e s e e s s s e s e e nm s s s s s e s e e s mnnsssssssresnnnnsssmnnsssnseenennfnnsssnnnrnernnnn 17
L 2SI 1Y o1 T = 1T g TR=T o2 4 T=T o - T S 17
8.6.3 Spatial objects and POSItION.........cueuiiiiieieieiiiiiiiieeneeeennnnnnnnnsnsnsssssssasssssssssssssssssssssssssssssssssssssssssns]essssnsnsnnnnnnn 19
8.6.4 Reference SYStemMS ... ———————— 20
R T 8 L1 - 1 22
b3S T 1 = = T - - 23
b3 A € 1= 4 1= = 1 == 10 1= 1 o Yo [ 24
9 The Architectural reference Model ... s a e ass s e aas s sanssasrennnsssren 25
9.1 Content Of thiS CIAUSE ......cccuiiii i s s s s e a e e aas s ranas s ena s s e annss s rerenass s ennas s ennnsnrs 25
9.2 Definition of the Architectural reference MOdEl ... ...t e rens s rrensssrennssssreenas 26
9.3 Uses of the Architectural reference mModel .............iiiiiiiiieciiiiirrre e r s e e e e s anasnansnrees 26
9.4 Overview of the Architectural reference mModel...........oeeeeciiiiiiiiiierrrii e e e ereeeenes 26
£ TR W O 211 o Yo 11 4 o) o S 26
9.4.2 Services aNd SEIVICE INTEITACES ......ccveeuiiiieeniiiieeiiirriaiireesstrrrssstrrensssrresssssrenssssresnsssrenssssrssnsssssessnsssresnsssrnen 26
9.4.3 Identifying services and service interfaces for geographic information.........cccccceeeecciiceriniiiicccccnecens 28

ISO 19101:2002(E)

© ISO 2002 — All rights reserved iii


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

ISO 19101:2002(E)

9.5 Types of geographic information Services ..o ——— 28
Lo TR T O | 411 o Yo 11T 1 ' o 28
9.5.2 Types of information technology services relevant to geographic information............ccccccccerrrrrnnnneee. 28
9.5.3 Extension of service types for geographic information ..........cccccccmiiriiiiiinii 30
9.5.4 Service types in the ISO 19100 series compared to other service models .........ccccccrrriiccciiecrrnneniiccnnns 30
9.6 Service interfaces and standardization requirements.........ccccco e ———————— 30
L2 20 I | 411 o Yo [T 1o o 30
9.6.2 Identifying standardization requirements for geographic information services ..........cccceecrrrrrrrrrnnnnee. 31
9.6.3 Fulfilling standardization requirements and the role of profiles ........ccccccoi i, 32
9.6.4 Elaboration of standardization requirements.........ccccccocc i 32
9.6.5 Using this procedure to identify requirements for geographic information standards....................... 33
10 Profjles and functional standards.............cccooomiiiiiiiccnsr e | e 34
10.1 Confent of this ClaUSe ..........iiii e e e s e s B e 34
10.2 Profjles and base standards...........cccccciiiiiiiiiiiisi e el e 34
10.3  Modularity CONCEPt.......ccciiiiiiiiiiir i e e 34
10.4  Use |of Profiles...... e mnmn e s dne e mn e e s e e 34
10.5 Product specifications .......cccccoiiicccieciiii e S e e e e e e e e s e 34
10.6 Relationship of profiles to base standards.........cccccecccciiimiiiiiicccccceerr e e sssenreeeee e snneeene e 34
10.7  Fungtional standards ... e st e 35
10.8 Registration of Profiles .......cccccoeeecceicmiiiiiiicccccceerrrr e e NeT s snmnn e e e e essnsssnnnnsensnns | snnmeennens 35
Annex A (informative) The Conceptual Schema Modelling Facility............c.. 5 ecciiiiicccccceeeeeeeeesss e, 36
AA L o [0 1T T o oY o = SO I 36
A.2 The ]SO Conceptual Schema Modelling Facility Schema architecture...........ccocevviiirnnnicicccnovnennns 36
A3 ISO CSMF schema architecture and the ISO 19100 series of.geographic information standards .....38
Annex B (informative) Focus of standardization in the ISO 19100 series of geographic information

£ T = T o £ O Y RS 39
L= o1 o | =T o 1 T 41

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

ISO 19101:2002(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liasison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3.
The main fask of technical committees is to prepare International Standards. Draft International Standards adopted
by the teg¢hnical committees are circulated to the member bodies for voting. Publication as an |International
Standard fequires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 19101 was prepared by Technical Committee ISO/TC 211, Geographic.information/Geomatics.

Annexes A and B of this International Standard are for information only.
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Introduction

Every comprehensive standardization effort needs a reference model to ensure an integrated and consistent
approach. This International Standard is a guide to structuring geographic information standards in a way that will
enable the universal usage of digital geographic information. This reference model describes the overall
requirements for standardization and the fundamental principles that apply in developing and using standards for
geographic mformatlon In descrlblng these reqwrements and pr|nC|pIes thls reference model prowdes a vision of
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contribute to a unified approach to addressing.global ecological and humanitarian problems.

and applications. This International Standard is intended to be used by information syste
program plampners and developers of geographic information standards that are related to geographic’i

5 well as others in order to understand the basic principles of this series of standards;and
for standardization of geographic information.

of information technology that indexing by location is a fundamental way,te organize and to
ingly, digital data from a wide variety of sources is being referenced to-locations for use in

rocessing this information. To meet this need, the ISO 19100 seriés standardizes relevant
on and management of geographic information and geo@raphic information serv
pn will:

the understanding and usage of geographic informatior;
the availability, access, integration and sharing of geographic information;

the efficient, effective and economic use of \digital geographic information and associated
vare systems;

these goals, standardization of geographic information in the 1SO 19100 series is bas
f the concepts of geographiciinformation with those of information technology. The deve
geographic information imust consider the adoption or adaptation of generic information {
enever possible. It is pnly when this cannot be done that geographic information standards

This Internafjonal Standard<{identifies a generic approach to structuring the ISO 19100 series of stand
reference mpdel uses concepts obtained from the ISO/IEC Open Systems Environment (OSE)
determining ptandardization requirements described in ISO/IEC TR 14252, the IEC Open Distributed F
(ODP) Reference Madel described in ISO/IEC 10746-1 and other relevant 1ISO standards and technic
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INTERNATIONAL STANDARD

ISO 19101:2002(E)

Geographic information — Reference model

1

Scope

This International Standard defines the framework for standardization in the field of geographic information and
sets forth fhrebasic plillbipib‘b 'uy whichrthisstandardizationmtakes piabc.

This framg¢work identifies the scope of the standardization activity being undertaken and the. ‘Caonte

takes plad
describes

Although
Internation
approach.

2 Conf

General ¢
described
series.

3 Nomn

The follow
this Intern
publication
investigats
undated r
maintain r

ISO/IEC 1

e. The framework provides the method by which what is to be standardized can be det
how the contents of the standards are related.

structured in the context of information technology and information "technology stg

al Standard is independent of any application development method( or technology im
formance
bnformance and testing requirements for the ISO 19100 series of geographic information s

in ISO 19105. Specific conformance requirements are described in individual standards in th

hative reference

ng normative document contains provisions, which, through reference in this text, constitute

s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent edition of the normative document indicate

eferences, the latest edition of the normative document referred to applies. Members of

pgisters of currently valid International Standards.

D501-1:—"), Information technology — Unified Modeling Language (UML) — Part 1: Specific

4 Termps and definitions

For the p
definitions

urposes of.fhis International Standard, the following terms and definitions apply. Sou
not definéd in this International Standard are provided.

t in which it
ermined and

ndards, this
plementation

tandards are
e ISO 19100

provisions of

ational Standard. For dated references,~subsequent amendments to, or revisions of, any of these

ncouraged to
j below. For
SO and IEC

ation

ces of term

br in the terms

NOTE Throughout this document, certain terms are italicized. These terms are defined either in this clause
and definitipnS-clause of another part of ISO 19100, as indicated.

41

application

manipulation and processing of data in support of user requirements

4.2

application schema
conceptual schema for data required by one or more applications

1) To be published.
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4.3
conceptual formalism
set of modelling concepts used to describe a conceptual model

EXAMPLE UML meta model, EXPRESS meta model.
NOTE One conceptual formalism can be expressed in several conceptual schema languages.
4.4

conceptual model
model that defines concepts of a universe of discourse

4.5
conceptual schema
formal description of a conceptual model

4.6
conceptual Echema language
formal langu@ge based on a conceptual formalism for the purpose of representing conceptual schemas

EXAMPLE UML, EXPRESS, IDEF1X

NOTE A lconceptual schema language may be lexical or graphical. Several conceptual schema languages can be based
on the same cpnceptual formalism.

4.7
dataset
identifiable cpllection of data

4.8
data level
level containing data describing specific instances

4.9
data quality|element
quantitative gomponent documenting the guality of a dataset

NOTE THe applicability of a data_quality element to a dataset depends on both the dataset's content and|its product
specification; the result being that all data)elements may not be applicable to all datasets.

410
data quality|overview element
non-quantitative component documenting the quality of a dataset

NOTE Information.about the purpose, usage and lineage of a dataset is non-quantitative information.

4.1
feature
abstraction of real world phenomena

NOTE A feature may occur as a type or an instance. Feature type or feature instance shall be used when only one is
meant.

412
feature attribute
characteristic of a feature

EXAMPLE 1 A feature attribute named “colour” may have an attribute value “green” which belongs to the data type “text”.

EXAMPLE 2 A feature attribute named “length” may have an attribute value “82.4” which belongs to the data type “real”.

2 © 1SO 2002 — All rights reserved
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NOTE 1 A feature attribute has a name, a data type and a value domain associated to it. A feature attribute for a feature
instance also has an attribute value taken from the value domain.

NOTE 2 In a feature catalogue, a feature attribute may include a value domain but does not specify attribute values for
feature instances.

413

feature catalogue

catalogue containing definitions and descriptions of the feature types, feature attributes and feature relationships
occurring in one or more sets of geographic data, together with any feature operations that may be applied

4.14
feature oﬁeration
operation fhat every instance of a feature type may perform

EXAMPLE {1 An operation upon the feature type “dam” is to raise the dam. The result of this operationis to rajse the level of
water in a reservoir.

EXAMPLE P An operation by the feature type “dam” might be to block vessels from navigating along a watercgurse.
NOTE Feature operations provide a basis for feature type definition.

4.15
functional standard
existing ggographic information standard, in active use by an international community of data produders and data
users

NOTE GDF, S-57 and DIGEST are examples of functional standards.

416
geographjc information
information concerning phenomena implicitly or explicitly associated with a location relative to the Earth

417
geographjc information service
service that transforms, manages, or presents geographic information to users

418
geographjc information system
information system dealing with“information concerning phenomena associated with location relative tq the Earth

419
graphicalllanguage
language whose syntax is expressed in terms of graphical symbols

4.20
lexical language
language whose synfax 1S expressed In terms of symbols defined as character strings

4.21
metadata schema
conceptual schema describing metadata

NOTE ISO 19115 describes a standard for a metadata schema.

© 1SO 2002 - All rights reserved 3
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4.22
profile

2002(E)

set of one or more base standards and — where applicable — the identification of chosen clauses, classes, options
and parameters of those base standards that are necessary for accomplishing a particular function

NOTE A base standard is any ISO 19100 series standard or other Information Technology standard that can be used as a
source for components from which a profile or product specification may be constructed (see ISO/IEC TR 10000-1).

4.23
quality

totality of characteristics of a product that bear on its ability to satisfy stated and implied needs

4.24

quality schgma

conceptual s
4.25
schema
formal descr
4.26
service
capability wh
entities

4.27
service inte
shared boun
4.28

spatial obje
instance of a
4.29

universe of
view of the rq

5 Symbg
5.1 Abbre
CSMF
ECMA

GIS

IDL

IRDS

ISP

IT

NIST

OCL

ption of a model

face

Ct
type defined in the spatial schema

discourse

)ls and abbreviated terms
viations
ConceptualsSchema Modelling Facility

F-uropean* Computer Manufacturers Association

(Geographic Information System

Chema defining aspects of quality for geographic data

al or hypothetical world that.ineludes everything of interest

ich a service provider entity makes available to a service user entity at the interface between those

Hary between an automated system or human being.and another automated system or human being

Interface Definition Language

Information Resource Dictionary System
International Standardized Profiles

Information Technology

National Institute of Standards and Technology

Object Constraint Language
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ODP

OoMG

OSE

UML

5.2 UML notation

Open Distributed Processing

Object Management Group

Open Systems Environment

Unified Modelling Language

ISO 19101:2002(E)

The diagrams that appear in this International Standard are presented in accordance with the Unified Modelling

Language[(UML) specified in ISO/TEC T950T-T— ). The UML notation is described mn Figure 1.
Association between classes
Association name
Class #1 role-1 role-2 Class #2
Association (and aggregation) cardinality
1 1.*
- Class Exactly one Class One or more
0.* N
~ Class Zero or more Class Specific number
0..1 .
| Class Optional (zero(@r 0ne)
Aggregation between classes Class inheritance (subtyping of classes)
Aggregate Superclass
class
I I | [ [ |
Component || Component Component Subclass #1 Subclass #2 Subclassl#n
class #1 class#2 \|) class #n
Figure 1 — UML notation

6 Congepts-and organization of the reference model
6.1 Integration-of-geographicinformation-with-informationtechnology

The ISO 19100 is a series of standards for defining, describing and managing geographic information. This
International Standard defines the architectural framework of the ISO 19100 series of standards and sets forth the
principles by which this standardization takes place.

Standardization of geographic information can best be served by a set of standards that integrates a detailed
description of the concepts of geographic information with the concepts of information technology. A goal of this
standardization effort is to facilitate interoperability of geographic information systems, including interoperability in
distributed computing environments. Figure 2 depicts this approach.

© I1SO 2002 — All rights reserved
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Geographic information Framework and reference model
* Spatial reference Reference model, Overview,
» Temporal reference Conceptual schema language,
« Spatial properties Terminology, Conformance and testing
* Spatial operations
* Topology
: Quality ﬂeographic information services
Positioning services
Portrayal
Services
I:nrnd,i,[\g | | |
+ Data .,
administration Data models | Profiles ant
and operators functional

Cataloguing standards

Reference by coord. Spatial schema
. Temporal schema
Reference by geo. id. :
. . - Spatial operators
Information technology Quality principles Rules for appliciqn

Quality evaluation schema

4 Open Systems Environment (OSE) procedures

+ Information Technology Services Metadata

4 Open Distributed Processing (ODP)

4 Conceptual Schema Languages (CSL)

/

Figure 2 — Integration of geographic information and information technology

The ISO 191P0 series of geographic information standards establishes a structured set of standards for i
concerning dbjects or phenomena that are directly or indirectly associated with a location relative to the
standard spdcifies methods, tools and services for management of geographic information, including the
acquisition, @nalysis, access, presentation and transfer of such data in digital/electronic form betwee
users, systems and locations. In Figure 2, thexdSO 19100 series of geographic information standar
grouped intg five major areas, each of which incorporate information technology concepts to s
geographic ipformation. These major areasdescribe:

— The framework for the ISO 19100, series of geographic information standards including this In

hformation
Farth. This
definition,
n different
is can be
fandardize

fernational

Standargl. The framework and-reference model cover the more general aspects of the 1ISO 19100 series of

standards. The reference model identifies all components involved and defines how they fit togethe
the diffgrent aspects of dhe 1SO 19100 series of standards together and provides a common
commurjication.

. It relates
basis for

— Geographic information services define the encoding of information in transfer formats and the m¢thodology

visualisgtions.\This area also includes the field of satellite positioning; together with the formats and
necess

ndardized
interfaces

for presintation of ‘geographic information that is based on cartography and the old traditions of sta

y_to utilize modern navigational satellite systems.

— Data administration is concerned with the description of quality principles and quality evaluation procedures for
geographic information datasets. Data administration also includes the description of the data itself, or

metadata, together with feature catalogues. This area also covers the spatial referencing of ge
objects — either directly through coordinates, or more indirectly by use of, for instance, area codes
or zip codes, addresses, etc.

ographical
like postal

— Data models and operators are concerned with the underlying geometry of the globe and how geographic
features and their spatial characteristics may be modelled. This area defines important spatial characteristics

and how these are related to each other.

— Profiles and functional standards consider the technique of profiling. Profiling consists of putting together
“packages/subsets” of the total set of standards to fit individual application areas or users. This supports rapid

6 © 1SO 2002 — All rights reserved
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implementation and penetration in the user environments due to the comprehensiveness of the total set of
standards. Equally important is the task of “absorbing” existing de facto standards from the commercial sector
and harmonizing them with profiles of the emerging ISO standards.

6.2 Focus of standardization in the ISO 19100 series of geographic information standards

The focus of this family of standards is to:

a) define the basic semantics and structure of geographic information for data management and data interchange
purposes and

b) definefgeographic mformation service components and their behaviour for data processing purposes.

These twp focus points are compatible with the information viewpoint and computational piewpoint of
ISO/IEC 1Dp746. See Annex B for an overview of RM-ODP.

6.3 Reference model organization

The major clauses of the Reference model are Conceptual modelling (clause,7), the Domain refgrence model
(clause 8)] the Architectural reference model (clause 9) and Profiles (clause 10). Fhese clauses are felated to the
major aregs of the 1ISO 19100 series of geographic information standards (described above at the |beginning of
clause 6). [These relationships are summarized in Figure 3 and explained in,the paragraphs that follow

Architectural reference model
(Clause 9)

/

Geographic infermation services

Conceptual modelling
(Clause 7) Paositioning services

Portrayal

Services

Encoding
Data

Data models Profiles and

i [ administration )
Domain reference model4/>and operators functional
(Clause 8) Cataloguing standards

Spatial schema
Reference by coord.
) Temporal schema
Reference by geo. id. :
. o Spatial operators
Quality principles L
. . Rules for application
Quality evaluation .
schema Profiles
procedures cl 10
Metadata (Clause 10)

Figure 3|—Relationship of the Reference model to other standards in the ISO 19100 series of geographic
information standards

Conceptual modelling. Conceptual modelling is critically important to the definition of the 1SO 19100 series of
geographic information standards. It is necessary for both the information and computational viewpoints (see
Annex A). This family of standards uses conceptual modelling to rigorously describe geographic information.
Conceptual modelling is also used to define services for transformation and exchange of geographic information.
Conceptual modelling is used to describe both geographic information and geographic information services in
profiles and functional specifications that specialize the ISO 19100 standards for particular purposes. A consistent
application of conceptual modelling is necessary to assure that the standards in the ISO 19100 series are
integrated with this reference model and with each other. The approach to conceptual modelling in the ISO 19100
series is based on the Open Distributed Processing (ODP) Reference Model and the principles described in the
Conceptual Schema Modelling Facilities (CSMF). Conceptual Modelling is described in clause 7 of this
International Standard. The Open Distributed Processing (ODP) Reference Model is described in ISO/IEC 10746-1.
The CSMF is described in ISO/IEC 14481.

© 1SO 2002 - All rights reserved 7


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

ISO 19101:2002(E)

Domain reference model. The Domain reference model in clause 8 provides a high-level representation and
description of the structure and content of geographic information. This model describes the scope of the
standardization addressed by the ISO 19100 geographic information series and identifies the major aspects of
geographic information that will be the subject of standardization activity. The Domain reference model
encompasses both the information and computational viewpoints, focusing most closely on those standards in the
ISO 19100 series of standards that standardize

the structure of geographic information in data models and definition of operations and
the administration of geographic information.

The General

The Domain
ISO/IEC 100
the Unified
definition an

reference model uses concepts of the Information Resource Dictionary System (IRDS))Fr.
D7, the Conceptual Schema Modelling Facilities (CSMF) in ISO/IEC 14481 and applies congepts from

Modelling Language (UML) specified in ISO/IEC 19501-1:—1).
I understanding, the Domain reference model is described using graphical notation of U

In order to provide mofe precise
L. This is

intended for
as for those

Architectural

developers of geographic information standards who will use or extend the 1SO 19100 ser
vho wish to have an in-depth knowledge of this family of standards. 5.2 summarizes the UM

reference _model.

services that

service interfaces across which those services must interoperate. This mode) also provides a method of

specific req
Standardizat|
geographic i
Environment

will be provided by computer systems to manipulate geographic” information and enum

lirements for standardization of geographic information“¢that is processed by these
on at these interfaces enables services to interoperate;with their environments and to
hformation. The Architectural reference model is based on concepts of (1) the ISO Ope
(OSE) approach for determining standardization reqtiirements, described in ISO/IEC TR 1

es as well
| notation.

In clause 9, the Architectural reference model:describes the general types of

erates the
identifying

services.
exchange
p Systems
4252, and

(2) the Open Distributed Processing (ODP) Reference Model, “described in ISO/IEC 10746-1. The Aifchitectural

reference mda

Profiles. Profiles and functional standards combine different standards in the ISO 19100 series and spe

information i
development
Clause 10 de

To be compl

standards that describe key aspects of information technology upon which the ISO 19100 series is based.

describes thd

del focuses primarily on the computational viewpoint (see Annex A).

h these standards in order to meet specific needs. Profiles and functional standards fa
of geographic information systems.and application systems that will be used for specific
scribes the approach to profiling the/ISO 19100 series of standards.

bte, the reference model must provide an understanding of how it relates to other ISO refere

relationship betweenthe ISO 19100 series and the Open Systems Environment Reference

6.4 Intero

6.4.1 Defi
Interoperabil
co-operative
that integrat
technology.

perability of geographic information

ition of interoperability

y is the-ability of a system or system component to provide information sharing and inter-
process control. Standardization of geographic information can best be served by a set of

cialize the
Cilitate the
purposes.

nce model
Clause 9
Model.

hpplication
standards
hformation

s-a deta|led descrlpt|on of geograph|c mformatlon concepts Wlth the concepts of i

eographic

information systems, |nclud|ng mteroperablllty in dlstr|buted computlng enwronments Interoperabmty provides the
freedom to mix and match information system components without compromising overall success. Interoperability

refers to the

ability to:

a) Find information and processing tools, when they are needed, independent of physical location.

b) Understand and employ the discovered information and tools, no matter what platform supports them, whether
local or remote.
NOTE Data exchange is a special case of this level of interoperability.

c) Evolve a processing environment for commercial use without being constrained to a single vendor’s offerings.
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d) Build upon the information and processing infrastructures of others in order to serve niche markets, without
fear of being stranded when the supporting infrastructure matures and evolves.

e) Participate in a healthy marketplace, where goods and services are responsive to the needs of consumers and
where commodity channels are opened as the market expands sufficiently to support them.

6.4.2 Aspects of interoperability

Interoperability between systems has several aspects:

two |
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File
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contrg

Remg
intero

Searg
distrib
data.

Geog
implie
platfo
comm
interp

Appliq
same
interp,
Sem4d
The s
intero
6.4.3 Int
In order tq
following (

For a

ission of signals. Interoperability is required at this level to ensure signals can be sent|3
are timely, networks are expandable and security is intact.

ystem interoperability requires that a file can be opened and displayed in its mative formg
. This includes interoperability for transfer and access of files, as well as naming conven
I, access methods and file management.

te Procedure Calls refer to a set of operations that execute procedures’on remote systems
perability standardizes how programs run under another operating system.

h and Access Databases provide the ability to query and manipulate data in a common dat
uted over different platforms. Interoperability challenges inefude the location and access

raphic Information Systems (GIS) are specific to the.géographic community. Interoperability
s transparent access to data, the sharing of spatial databases and other services rega
'm. To achieve interoperability between GIS;* a geodata model, service model and
unities model must be utilized. Syntactic interoperability refers to the ability for differen
ret the syntax of the data the same way.

ation interoperability refers to the ability for different GIS applications to use and represer
manner. To do this, semantic interoperability is required. Semantic interoperability refers tq

ntic interoperability may beachieved using translators to convert data from a database to a
chemas and implementations described in the ISO 19100 series of standards support
pberability.

eroperability in the SO 19100 series of geographic standards

support the goal of interoperability in the ISO 19100 series of geographic information st
se of conceptual schema language applies:

pplication schema: An application schema shall either exist or be derivable. Any suitabl

Network Protocol interoperability describes basic communication between systems. Communication occurs on

escribes the
nd received,

t on another
ions, access

This form of

abase that is
lo the stored

between GIS
rdless of the
information
t systems to

t data in the
applications

reting data consistently in the same manner in order to provide the intended representation of the data.

N application.
this level of

andards, the

al

-

conceptual

schema’language can be used, in principle. An application schema shall be created using rulg¢s defined in
ISO 1WWMWWWWWCOMOWS to

the relevant standards in the ISO 19100 series of standards.

For data interchange: A generic data interchange mechanism is described in ISO 19118. Another interchange
mechanism may be used, in which case a two-way mapping with the relevant ISO 19100 standards shall be
provided.

For service implementations: Supporting service implementations and associated data descriptions, can be
based on various platforms such as COM/MS-IDL, CORBA/ISO-IDL, ODBC/SQL, SDAI/EXPRESS,
ODMG/ODL and shall then conform to and have two-way mapping with the relevant standards in the
ISO 19100 series of standards.

The ISO 19100 series of geographic information standards addresses interoperability in the following standards:
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— Specification of conceptual schema languages for the 1SO 19100 series create a framework to enable
syntactic interoperability and to support semantic interoperability, while supporting multiple interchange formats
and multiple service implementations, is discussed in 7.4 of this International Standard.

— Model integration, discussed in 7.7 of this International Standard ensures the meaningful exchange and
sharing of geographic data by computing systems and provides a process for ensuring the consistency of two
or more conceptual schemas in order to facilitate interoperability.

— Spatial objects and position can be related to more abstract concepts that may require standardization to
ensure interoperability among computing systems. These concepts are directly related to 1SO 19107,
ISO 19108, ISO 19111 and ISO 19112.

— Service finterfaces provide access to geographic information services and enable exchange of-dath between
services| and service users, information storage devices and networks. The Architectural-reference model
identifie$ general types of interfaces that are used by geographic information services: CIaus¥9 of this
Internatipnal Standard provides a method for identifying standardization requirements,_ for, those inferfaces to
enable the interoperability of GIS in distributed computing environments.

— The pulfpose of an encoding standard is to enable interoperability between_heterogeneous geographic
informatjon systems. To achieve interoperability between heterogeneous systems two fundamental issues
need to|be determined. The first issue is to define the semantics of the~content and logical stjuctures of
geographic data. This shall be done in an application schema. The seCond issue is to define a system and
platform|independent data structure that can represent data corresponding to the application schem3.

7 Conceptual modelling
7.1 Contant of this clause

This clause |describes the concepts that underlie conceptual modelling in the 1ISO 19100 series of geographic
information standards and identifies the conceptual schema language used to describe geographic information. 7.2
provides a dgfinition of conceptual modelling. 7.3 describes how to use the information provided in this ¢lause. 7.4
identifies the conceptual schema language that’js used in the ISO 19100 series for describing models of
geographic |nformation and geographic information services. 7.5 provides a description of the agproach to
conceptual modelling used in the 1ISO 19100 series. 7.6 identifies the underlying principles used in ¢onceptual
modelling. These principles are compiled-and defined in ISO/IEC 14481. Finally, 7.7 describes the ¢oncept of
Model Integ:Lation that is fundamental ‘to) the effective use of the ISO 19100 series for integrating geographic
information in distributed computing environments. More detailed information is also provided in ISO/TS 19103.

Two standarfls, ISO/IEC 107461 -and ISO/IEC 14481, provide a framework for the use of conceptual modelling in
ISO standards and ensure an.implementation-neutral specification and modelling approach. ISO/IEC 10746-1 and
ISO/IEC 144B1 provide a basis for this clause.

7.2 Definition of conceptual modelling

Conceptual modelling is the process of creating an abstract description of some portion of the real world and/or a
set of relatemmimwmmmmMMMMonsmute a

portion of the real world being modelled. A set of geometric constructs, such as points, lines and surfaces, used to
describe the shape of these features might be a set of related concepts. The abstract description of these real-
world features is called a conceptual model. Conceptual models may exist only in the minds of people who
communicate them to each other verbally and often imprecisely. They may also be written down and stored for
wider dissemination. A conceptual schema language provides the semantic and syntactic elements used to
describe the conceptual model rigorously in order to convey meaning consistently. A conceptual model described
using a conceptual schema language is called a conceptual schema. Because a conceptual schema language
provides a uniform method and format for describing information, it is possible to read and update the resulting
conceptual schema by computer systems as well as human beings. The use of conceptual schema languages to
develop conceptual schemas is thus fundamental to the standardization of geographic information. The 1ISO 19100
series of geographic information standards employs conceptual modelling for two purposes:

1) to provide a rigorous definition of geographic information and geographic information services.
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2) to standardize the definition of geographic information and geographic information services so that

software systems interoperate in distributed computing environments.

To achieve the second purpose, standardized schemas for the standards in the ISO 19100 series of standards
should serve as a basis for deriving consistent schemas for inter-communicating geographic information services
and software systems. The process by which consistency between schemas is achieved is referred to as Model

integration. The definitions given in this subclause are detailed in 7.5, 7.6 and 7.7.

7.3 Use of this clause

The information contained in this clause is intended for developers of standards in geographic information, for

users of
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pns to develop GIS software and GIS applications.

on standards

103 provides a set of requirements for representing the structure of geographic inform
the behaviour of geographic information services. To meet these requirements, the followi
used.

[ 19501-1:—1) with UML Object Constraint Language (OCL) as the conceptual schema
bn of the normative parts of the ISO 19100 series of standards. This satisfies the goal of IS
amework to enable syntactic interoperability and to support semantic interoperability, whi
terchange formats and multiple service~-implementations. UML is selected as the concef
or producing specifications that can'support the creation of such a framework.

approach to conceptual.modelling

ause expands upon 7.2 and defines additional concepts needed to understand the ISO 19
C information standards, Jusing ISO/IEC 14481 as a partial basis. Figure 4 provides a graphig
of conceptual modelling in representing geographic information. The figure shows the use
to define information, which can be processed by a computer.

escribes the-relationship between modelling the real world and the resulting conceptud
f discourse)is a selected piece of the real world that a human being wishes to describe in

f discourse may include not only features such as watercourses, lakes, islands, property
wners' and exploitation areas, but also their attributes, their functions and the relationsh

v conceptual

tent with the

series should follow recommendations in this clause on the use of conceptual’schema languages for

languages in
and product

cification of conceptual schema language for the ISO 19100 series of geographic

tion and for
g languages

0100 series of standards shall use the Unified Madelling Language (UML) static structure diagram shown

anguage for
O/TC 211, to
e supporting
tual schema

100 series of
al illustration
bf conceptual

| schema. A
h model. The
boundaries,
ps that exist

among su

ch-features. A universe of discourse is described in a conceptual model.

The conceptual schema is a rigorous description of a conceptual model for some universe of discourse. As stated
in 7.2, a conceptual schema language is used to describe a conceptual schema. A conceptual schema language is
a formal language parsable by a computer or a human being that contains all linguistic constructs necessary to
formulate a conceptual schema and to manipulate its content. A conceptual schema that defines how a universe of
discourse shall be described as data is called an application schema.

A conceptual schema language is based upon a conceptual formalism. The conceptual formalism provides the
rules, constraints, inheritance mechanisms, events, functions, processes and other elements that make up a
conceptual schema language. These elements are used to create conceptual schemas that describe a given
information system or information technology standard. A conceptual formalism provides a basis for the formal
definition of all knowledge considered relevant to an information technology application. More than one conceptual
schema language, either lexical or graphical, can adhere to and be mapped to the same conceptual formalism.
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Figure 4 — From reality to conceptual schema

For the ISO series of standards, the applicable conceptual forinalism is the object-oriented modelling as|described
by OMG in (ersion 1.0 of UML. Clause 8 of this International Standard, the Domain reference model, {follows the
rules and prnciples of the object modelling formalismyto provide a high-level representation of the domain of
geographic information. The Unified Model Language is used to describe the Domain reference model. The object-

oriented modelling formalism also serves as a basis for the other conceptual schema languages in 7.4.

Conceptual 3chemas developed for the 1ISO, 19100 series of standards are represented using a conceptual schema
language. These conceptual schemas-are' integrated into application schemas that define the sfructure of
geographic data processed by computerssystems. Encoding of geographic information in support of implgmentation

is addressed|in ISO 19118.

7.6 Principles of conceptual’ modelling

The principlds listed in ISO/IEC 14481 govern the use of conceptual modelling and the development of ¢onceptual

schemas in the ISO 19100 series of standards. These principles are listed below.

12

The 100| % principle states that all (100 %) of relevant structural and behavioural rules about the yniverse of
discoursecshall be described in a conceptual schema. Thus, the conceptual schema defines the yniverse of
discourse-

The Conceptualisation principle states, according to ISO/TR 9007, that a conceptual schema should contain
only those structural and behavioural aspects, that are relevant to the universe of discourse. All aspects of
physical external or internal data representation should be excluded. This requires the production of a
conceptual schema, which is independent with respect to physical implementation technologies and platforms.

The Helsinki principle states that any meaningful exchange of verbal or written statements should be based
upon an agreed set of semantic and syntactic rules. All statements in a conceptual schema shall be formulated
and interpreted using such an agreed set of rules. The conceptual schema languages identified in 7.4 should
provide the basic set of semantic and syntactic rules for representation of geographic information in conceptual
schemas developed as part of the ISO 19100 series of standards. ISO/TS 19103 and ISO 19109 describe how
conceptual schema languages are applied to create application schemas for geographic applications.
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— The principle of Use of a concrete conceptual schema language syntax states that a formally defined
conceptual schema language syntax shall be used to represent information in a conceptual schema. 7.4
identifies the conceptual schema languages that are used for the ISO 19100 series of standards.

— The self-description principle states that normative constructs defined in an international standard — and in
this case the ISO 19100 series and profiles of the ISO 19100 series shall be capable of self-description.

These principles underlie the use of the conceptual schema languages identified in 7.4 for representing geographic
information and geographic information services in the ISO 19100 series of standards.

7.7 Model integration

Model intggration ensures the meaningful exchange and sharing of geographic data by computing systems. In
addition it enables the integration and consolidation of geographic data from different sources. Within the context of
the 1SO 1P100 series of standards, this concept is applied to ensure that conceptual schemas ¢leveloped to
describe the structure of data for geographic information systems are consistent withthe scherpas that are
componerits of the different standards in the 1ISO 19100 series of standards. Model integration also|ensures that
schemas describing the structure of data processed by geographic information services.are consistent|with those of
the ISO 19100 series of standards.

Model intggration enables the exchange of geographic data by computing systems. By describing an |approach for
developing and integrating conceptual schemas, model integration enables the interoperation of geographic
informatioh services and geographic information systems in distributed computing environments.

Prerequisites for achieving model integration include the use ofs\eommon, or at least compatiblg, conceptual
schema lahguages based on a common conceptual formalism andvadherence to rigorous modelling t¢chniques for
developing conceptual schemas. ISO 19109 addresses modehintegration. Beyond this an architectyre for model
integration may be created and used to enable the consistency of conceptual schemas that describe applications of
geographit information. Such an architecture will defing>the different roles, conceptual schemas may play with
respect tq one or another, the different relationshiplidentified among conceptual schemas and [the different
mappings required between conceptual schemas.

8 The Domain reference model

8.1 Content of this clause

This clauge describes the aspects_of geographic information that are addressed in the 1SO 19100 series of
geographit information standards. A basic definition of the Domain reference model is provided in 8.2 fogether with
its scope and objectives. 8.3vdescribes the intended uses of this model. In 8.4, the model is presented at a high
level intended for those wha need only a basic familiarity with the model’s contents. 8.5 and 8.6 propvide a more
detailed description thatiisvintended for persons who require an in-depth understanding of the 1ISO 19[100 series of
standards|and its relationship to the domain of geographic information.

8.2 Defjnition'of Domain reference model

The Domdinréference model.

— provides a high-level description of those aspects of geographic information that are addressed in the
ISO 19100 series of standards;

— identifies the major concepts used in the ISO 19100 series of standards for the representation, organization,
storage, interchange and analysis of geographic information for computing purposes.

The Domain reference model provides a generalized view of the subject matter standardized in the 1ISO 19100
series of standards. The Domain reference model shows the place of the General feature model in the context of
geographic information (see 8.6.7). To provide more in-depth understanding of the domain of geographic
information and its relationship to the ISO 19100 series of standards, this model employs concepts obtained from
the ISO Conceptual Schema Modelling Facility (CSMF) (described in more detail in Annex A and ISO/IEC 14481)
and the ISO Information Resource Dictionary System (IRDS) framework in ISO/IEC 10027. These standards have
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been developed by ISO in order to provide a framework for the use of information technology by ISO standards and

to ensure an

8.3 Uses
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of the Domain reference model

The Domain reference model is intended for developers of geographic information standards, for GIS product
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Figure 5 — High-level view of the Domain reference model
The contepts of this diagram may be described as follows.
— The dataset which contains:
FReatures; including feature attributes, feature relationships and feature operations (defined mathematical
operations for computing information about features).

2)

3)

Spatial objects that may describe the spatial aspects of features, or are complex data structures that
associate values of attributes to individual positions within a defined space. There are two general
approaches to model the spatial aspects of geographic information:

To perceive the space as occupied by features, which are described by using vector data.
To imagine the variation of values of interest over the space as some distribution function.

Descriptions of the position of spatial objects in space and time, using units of measure provided by
reference systems.

NOTE The existence of direct position is dependent upon the existence of the spatial object whose position it
describes. Indirect position and temporal position are associated with features (see 8.6.4).
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The application schema provides a description of the semantic structure of the dataset. The application

schema also identifies the spatial object types and reference systems required to provide a complete
description of geographic information in the dataset. Data quality elements and data quality overview elements

are also

included in the application schema (see 8.6.5 for details).

The metadata dataset allows users to search for, evaluate, compare and order geographic data. It describes

the administration, organization, contents and quality of geographic information in datasets. It may contain or
reference the application schema for the geographic dataset. It may contain or reference the feature catalogue
that contains the definitions of concepts used in the application schema. The structure of the metadata dataset
is standardized in a metadata schema that is defined in ISO 19115. The metadata schema is described further

in 8.6.6.
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8.5 Use of abstraction levels in the Domain reference model
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eptual Schema Modelling Facility (CSMF) Schema Architecture described in ISO/IEC 1

Annex A for additional information.?)

The dat
features

The app
the ISO
The met

1) App

h level contains information describing specific features, or instances, found in reality. Th
the description of spatial aspects of features and position.

lication model level contains both application schemas and the conceptual schemas stang
19100 series of standards. These schemas define the types of instances that exist at the
pdata schema is-also at this level.

lication schemas describe geographic information datasets. They consist of type defi

collé
fe

a
pa

schemas

pctions of_similar instances found at the data level. Examples of abstract type definitio
re types, types of spatial objects and data quality elements. Reference systems are also s
of/the application schema. These type definitions may be obtained from standardized

hformation
b correctly
ion.

database
ed from a

hcluded in

pfined and
ly and for
rstand the
Andards in

are based
1481 (see

s includes

ardized in
data level.

nitions for
s include
pecified as
conceptual

(described below).

The application model level also contains conceptual models developed using the General Feature Model

that serve as a basis for defining application models. The application level includes schemas standardized
in the ISO 19100 series of standards, such as the spatial schema, temporal schema, metadata schema, or
the quality schema as well as schemas from other standards. Profiles and product specifications also are
within the application model level. Application schemas are required to conform to conceptual schemas
standardized in the ISO 19100 series of standards.

2)

levels of abstraction before proceeding.

16

The reader may wish to consult Annex A to obtain a more complete description of the ISO CMSF Schema Architecture
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The meta-model level [meta-model level/Language level] identifies the language used to define a schema at

the application model level. This includes the conceptual schema languages used to describe schemas at the
application model level and the General feature model.

In the high-level view of the domain of geographic information shown in Figure 5, all entities are at the data level,
with the exception of the application schema. The application schema, which may be referenced by the metadata

dataset, is

at application model level.

8.6 Detailed description of the Domain reference model

8.6.1

Introduction

The inforr
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nation in Figure 5 showing the high-level view of the Domain reference model is exp
5 within this clause. The subclauses also describe the connections of the entities {0 star
series of standards and point out interrelationships between different standards.

Hescribes the application schema.

8.6.4 and 8.6.5 provide a generalized view of the standardized schemas from which
ation schema are drawn. 8.6.3 provides additional information about Spatial objects and the
sition. This is followed by 8.6.4 which provides more informationy'on position and its re
nce systems and by 8.6.5, which focuses on quality and its relationship to the dataset.

focuses on metadata and its relationship to the dataset. 8.6%7 describes the relationship o
e model to feature catalogues and other parts of the Domain reference model.

8.6.2 Application schema

8.6.2.1

For each
language,

The applid

Introduction

geographic dataset an application schema’ exists. (It may be explicitly given in a concef
or implicitly given by the internal structure of a software program.)

ation schema is a conceptual schéma at the application model level and contains the @

exact defipition of the contents and structure of the geographic dataset. It contains selected parts of

schemas.
database)

An applicg
schema I3
transfer, q

8.6.2.2

The application schema_may be purely internal for a certain implementation (either a
or may be common for two or more implementations.

tion schema that coriforms to the ISO 19100 series of standards shall be defined in a form
nguage. This will-allow automated processing of geographic datasets, e.g. encoding, data
Lerying and updating.

Details .of the application schema

anded in six
dards in the

parts of the
Ir relationship
lationship to

the General

tual schema

omplete and
standardized
system or a

b| conceptual
access, data

An appliceltion schema has the following parts:

The application schema contains a complete and precise description of the semantic content of the geographic

dataset following the concepts and structure defined in the General feature model. This schema contains
concepts that can be mapped to feature types, feature attribute types, feature relationship types and feature
operation types and which may originate in a feature catalogue. The General feature model is described at a
high level in 8.6.7.

The application schema contains a specification of the reference system(s) used to represent position or — the

reference system(s) to which position is referenced. (Position is described by a reference system, discussed in
8.6.3 and shown in Figure 6.)

The application schema contains the spatial object types used to represent the spatial aspects of features

(spatial object types are obtained from the spatial schema which is described in 8.6.3 and shown in Figure 7).
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Figure 6 illustrates the application schema and its possible content graphically.

Conceptual schema language

Meta-model
level 1
Application
model level
Represents
0..*
Application schema
1 represented
schema
1"*
Reference system
contained reference
system
1
Spatial object type
contained object
type
0.* Data quality
Defines -
content of contained overview element
element
0..*
Data quality element
contained
element
0.
- Feature
contained
C feature
PApplication
model level
Data level
0“*
Dataset
defined
dataset
Figure 6 — Details of the application schema

The application schema also contains data quality elements and data quality overview elements, described in 8.6.5,

that contains quality information for individual features, feature attributes and feature relationships.

The application schema contains and integrates parts of the other standardized schemas that are necessary to
describe the structure and content of a particular dataset, including spatial schema, quality schema and the
reference system schemas (described below). The integration into the application schema of the standardized
ISO 19100 series of standards schemas is defined in a rigorous manner in order to facilitate automated processing
of geographic datasets. The rules on how to create an application schema for a geographic information dataset

using the 1ISO 19100 series of standards schemas are found in ISO 19109.

18
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8.6.2.3  Application schema, data interchange and encoding rules

Data interchange is the procedure for encoding, delivery, transfer, receipt and interpretation of (geographic)
dataset. Successful data interchange depends on the knowledge of the content and structure of the dataset, the
encoding rules applied and the kind of transfer protocol used. The application schema defines the possible content

and structure of the dataset.

The encoding rules define the conversion rules for coding the dataset into a system independent data structure.
The system independent data structure can be transferred using a transfer service that utilizes on-line or off-line or
combination of off-line transfer protocols and communication media, e.g., ftp, Internet, mail, or CD ROM. Data
interchange is realized using generic information technology. ISO 19118 defines the encoding rules to be used to

it 4 H 4+ + aal A + £ 4
ensure a cUl 1IOTOLTTIU CUTTVOT OIVIT U A DyOLUI MM IMUCyCITIiyucIIt 1uriTiat.

8.6.3 Sppatial objects and position

Spatial objects and position can be related to more abstract concepts that may require standardizat

on to ensure

interoperapility among computing systems. These concepts directly relate to 1ISO 19107,~ISO 19108, ISO 19111

and ISO 1p112.

In Figure 7 individual spatial objects are defined by spatial object types that in turrican be defined usi

of the spatial schema.

Conceptual’schema language

g constructs

Meta-model
level 1
Application
model level
Represents
0..*
Spatial schema
represented
schema
1
Consists.of
0“*
Spatial object type
contained object type
1
Data level Defines
defined
0..* | object
Spatial object
0..* | positioned
Has position objects
Position o

Figure 7 — Detail on spatial objects 3)

3) Further detail on position is provided in 8.6.4 and Figure 8. This includes direct, indirect and temporal position and the
relationship of these types of position to spatial objects and features.
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Spatial objects and position are at the data level in Figure 7. Spatial object types and the spatial schema are at the
application model level. In the ISO 19100 series of standards, the spatial schema encompasses different kinds of
spatial organizations. To develop an application schema, the spatial schema may be specialized, providing
constructs for defining a limited set of spatial object types. The relationship of spatial object types to the application
schema was described in 8.6.2. The spatial schema is placed at the application model level and is represented by
conceptual schema languages at the meta-model level.

8.6.4 Reference systems

In Figure 8 position is described in terms of, or referenced to, one or more spatial and temporal reference systems
which define the method for describing position in space and time respectively. Figure 8 shows this relationship and

enumerates
and tempora

20
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Conceptual schema language

1
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Meta-model level

represented Application model level
schema

Reference system schema

r

| Provides
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Spatial reference system schema Temporal reference system schema
1.5
Schema for spatial reference system using coordinates
1+ Provides
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. . o " define
Schema for spatial reference system usingge€ographic identifiers
1.*
Provides basis to define
defined
described 0..* | position
feature 0..* 0..* 0..*
Feature Spatial object Direct position
0..* positioned
0.* Describes spatial object Has indirect
ppsitioned structure of position
feature
positioned
0..* | feature ] - 0.*
Indirect position
Has indirect position 0..* defined
position
. 0.
Temporal position
Has temporal position 0..* defined
position

Figure 8 — Detail on position

Spatial reference systems are subtyped into spatial reference systems using coordinates and spatial reference
systems using geographic identifiers. All types of reference systems are considered schemas at the application
model level. Reference systems are represented using conceptual schema languages at the meta-model level. At
the data level, a dataset may contain spatial objects whose position is described by more than one type of
reference system. In addition, more than one spatial object may have the same position. Position and temporal
position of features may also be described in terms of spatial reference systems for geographic identifiers and
temporal reference systems respectively.
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8.6.5 Quality

Figure 9 provides a graphical description of the essential relationship of quality to geographic data. Quality is
described in detail in ISO 19113.

Conceptual schema language

1

Represents

Meta-model level

. | represented Application model level
0. | schema

—1 Quality schema K>—————

) contained . contained
1." | element 1." | element
0“*
Data quality element Data quality overview element
O“*
Application model level
Data level
Provide quantitative Provide non-quantitative
quality definitions for quality definitions for
0..* 0.
description provided for description provided for

Data quality description

0.1

1.*

Dataset

Describe quality aspects of described
dataset

Figure 9 — Data quality and geographic information

Data quality|elements and data quality overview elements are defined in the quality schema, a stgndardized
schema at the application model level. The quality informafion for applicable dafa quality elements (that describe
quantitative quality information) and data quality overview elements (that describe non-quantitative quality
information) is reported in the data quality description, placed at the data level. The data quality description reports
quality information for:

— geographic datasets and
— individual features, feature attributes, or feature relationships.

Examples of data quality elements are completeness and positional accuracy. Examples of data quality overview
elements are purpose and lineage.
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Quality information may or may not be provided for geographic data; hence the relationship is denoted as being
optional. The placement of data quality elements and data quality overview elements with respect to the application
schema was described in 8.6.2.

8.6.6 Metadata

This subclause provides further information on metadata including the standardized metadata schema and its
relationship to metadata datasets and geographic datasets. The role of the application schema is restated to make
clear its relationship to metadata. This is shown in Figure 10. For detailed information on metadata, please refer to
ISO 19115.

Conceptual schema language
1 1
Meta-model level
Application model level
Is composed of 0.* Represents
——<> Metadata schema
represented
0.* | schema schema
conformed to
Represents
1.
Metadata element definition Conforms to
represented
0..* 0..* schema
Metadata dataset Application schema
0..* 1
Application model level
Data level
. Describes
Describes content of
1.* 0..*
Dataset
described described
dataset dataset
Figure 10 — Detail of metadata relationships
In Figure 10, —a conceptual—schema fanguage at the meta-model—fevel Tepresents a rmetadata schema, a

standardized schema at the application model level. The metadata schema is a standardized schema described in
ISO 19115. This schema provides the metadata element definitions (or types of metadata elements) for the
metadata in a metadata dataset.

A metadata dataset, in turn, describes the administration, organization and content of a dataset at the data level.
The metadata dataset provides necessary information in order to support access to, and transfer of, the dataset.
The application schema may be referred to by, or included in, the metadata dataset. In Figure 10, the metadata
dataset is shown as conforming to the standardized metadata schema.

Also included in the metadata dataset is the quantitative and non-quantitative quality information for geographic

information datasets (as opposed to individual feature described in 8.6.5). Other parts of the metadata dataset, not
described here, provide identifying information for the dataset itself and are also at the data level (see ISO 19115).
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8.6.7 General feature model

The General feature model (GFM) is a meta-model for developing conceptual models of feature types and their
properties. It defines the concept of feature type, feature attribute, feature association and feature operation. It also
serves as a meta-model for feature catalogues by providing the structure for representing the semantics of
geographic information in these terms.

As there is no GFM-language and the conceptual schema must be expressed in a CSL, the concepts of the GFM
must be mapped into the concepts of the used conceptual schema language. The structure and concepts of the
GFM must be kept in mind when making the conceptual model. The result can be documented in terms of GFM in
a feature catalogue.

The applicat
business re
applications.
schema defir

Figure 11 sh
catalogue.

on schema contains instances of types defined in the General feature model. It is used.by

For example, the General feature model defines the concept of feature type while an
es specific feature types such as Road or Lake.

ows the relationship between the General feature model, the applicatiorinschema and t

experts in

juirements for the geographic information domain to develop application schemas’ for specific

hpplication

he feature
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Figure\11 — Detail of relationships to the General feature model

The relatipnship between- the application schema and dataset described in 8.6.2 is repeated in this diagram.

Similarly, the relationship of conceptual schema language to the application schema is also sho
illustrative| purposes¥It should also be noted that feature catalogues may be included in the meta

depicted in Figure-11).

9 The Architectural reference model

9.1 Content of this clause

vn again for
Jata set (not

The Architectural reference model defines a structure for geographic information services and a method for
identifying standardization requirements for those services. The basic definition of the Architectural reference
model is provided in 9.2, together with its scope and objectives. 9.3 provides a description of the intended uses of
this model. 9.4 provides a high-level description intended for those who need only a basic familiarity with the model.
9.5 provides a detailed description of the structure of geographic information services. 9.6 explains the method of
identifying standardization requirements. 9.5 and 9.6 are intended for persons who require an in-depth
understanding of the Architectural reference model.
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The basis for the Architectural reference model is the ISO Open Systems Environment (OSE) Reference Model,
described in ISO/IEC TR 14252. While prior knowledge of the OSE Reference Model is useful, the careful reader
who has a basic familiarity with the concept of reference models can understand the content of this clause.

9.2 Defini

tion of the Architectural reference model

The Architectural reference model defines a structure for geographic information services and a method for
identifying standardization requirements for those services. This model provides an understanding of what types of
services are defined in the different standards in the 1SO 19100 series of standards and distinguishes these
services from other information technology services. The Architectural reference model shows how to determine
which aspects of geographic information will need to be standardized to support the operation of those services.
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The Architectural reference model is a specialization of the Open Systems Environment (OSE) Reference Model
for geographic information services in distributed computing environments. The Architectural reference model is
shown in Figure 12.

9.4.2 Services and service interfaces

Figure 12 depicts the basic OSE worldview in which GIS applications utilize capabilities provided by services.
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Figure 12 — The'Architectural reference model

HiTI

J

The diagram shows application systems and”services residing at different computing sites linked Hy a network.
Services are capabilities provided for.manipulating, transforming, managing, or presenting informgtion. Service
interfaces|are boundaries across which) services are invoked and across which data is passed betwgen a service
and an application, external storage_device, communications network, or a human being. The diagram shows four

interfaces

— The Application Programming Interface (API) is the interface between services and applica]ijon systems.

This i§ the interface used by application systems to invoke geographic information services. Stan

ardization of

the | for geographic information services is central to the ISO 19100 series of geographi¢ information

standfards.

— The Communications Services Interface (CSl) is the interface across which applications

hnd services

access data transport services to communicate across a network. Different computing netwgrks may be

connected through a special interface known as the network-to-network interface (NNI).

— The Human Technology Interface (HTI) allows the human end user to access the computing system. This
interface includes graphic user interfaces and keyboards.

— The Information Services Interface (ISI) is a boundary across which database services are provided,
allowing persistent storage of data.

Standardization of these interfaces for geographic information services is addressed by the 1SO 19100 series of

standards.
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9.4.3 Identifying services and service interfaces for geographic information

The extension of the structure of the OSE Reference Model for geographic information has two key aspects:

— The separation of geographic information services from more generic information technology services defines
capabilities that are specific to the manipulation, transformation, storage and exchange of geographic
information. Figure 13 shows the separation of geographic information services. In 9.5, the Architectural
reference model describes six classes of geographic information services. The standards in the 1ISO 19100

series define specific services within these classes.

— Service interfaces provide access to geographic information services and enable exchange of data between

services ; X
identifie$ general types of interfaces that are used by geographic information services. 9.6 provideg
for idenfifying standardization requirements for those interfaces. The purpose of this method is to
standardization of geographic information in order to enable the interoperability of GIS in distributed
environments.

The definitiop of service interfaces enables a variety of applications with different levels of functionality
and use gedgraphic information. While specialized services will remain an area (for proprietary pro
interfaces to[those services will be standardized. Geographic information system and software develope
these standardized interfaces to define and implement geographic information services.

9.5 Typeg of geographic information services
9.5.1 Introgduction

This subclause lists six classes of information technology services that are important for geographic in
Further detail is provided on the extension of each of these class€es for geographic information.

9.5.2 Typep of information technology services relevant to geographic information

nce model
a method
guide the
computing

to access
ducts, the
rs will use

formation.

The ISO 191|00 series of geographic information standards identifies six classes of generic information fechnology

services of particular importance for geographic-information. Each of these classes provide a basis for d
services that|are specific to geographic information. These classes and their extensions for geographic i
are depicted|in Figure 13 and defined below:

efinition of
hformation
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Figure 13 — The six classes of services

Modell/Information Management_Services are services for management of the development,
and sjorage of metadata, conceptual schemas and datasets.

Hume
preseptation of compound documents.

Workflow/Task~Services are services for support of specific tasks or work-related activities ¢
humahs. Thesevservices support use of resources and development of products involving a
activities or\steps that may be conducted by different persons.

data. Examples include services for providing the time of day, spelling checkers and services

| Information

manipulation

n Interaction Services are services for management of user interfaces, graphics, multimedia and for

onducted by
sequence of

il amounts of

that perform

coordinate transformations (e.g., that accept a set of coordinates expressed using one reference system and
converting them to a set of coordinates in a different reference system). A processing service does not include

capabilities for providing persistent storage of data or transfer of data over networks.

Communication Services are services for encoding and transfer of data across communications

networks.

System Management Services are services for the management of system components, applications and

networks. These services also include management of user accounts and user access privileges.
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Not every information technology service needs to be changed or specialized to be useful for processing
geographic information. The different standards in the ISO 19100 series indicate whether a service is a generic
information technology service or whether it is specialized for geographic information.

9.5.3 Extension of service types for geographic information

This subclause describes how the six service classes identified above may be extended to define classes of
geographic information services. Standards in the ISO 19100 series that address these specializations are
identified.

— Geographic Information Model/Information Management Services. The specialization of this class of
i irTi i o o)s i | schemas
. Specific services within this class are identified in 1ISO 19119. These services are-baged on the
content pf those standards in the ISO 19100 series that standardize the structure of geographic information
and thg procedures for its administration, including: ISO 19107, I1SO 19108, I1SO 19109, 180 19110,
ISO 191[11, ISO 19112, ISO 19113, ISO 19114 and ISO 19115. Examples of such services are a [query and
update |service for access and manipulation of geographic information and a- catalogue service for
management of feature catalogues.

— Geographic Information Human Interaction Services. This class of s€rvices focuses on| providing
capabilijes for managing the interface between humans and Geographic:nformation Systems. [This class
includes|graphic representation of features, described in ISO 19117.

— Geographic Information Workflow/Task Management Services. The specialization of this class ¢f services
focuses [on workflow for tasks associated with geographic information — involving processing of (orders for
buying and selling of geographic information and services. These services are described in more detail in
ISO 191[19.

— Geographic Information Communication Services. Phe specialization of this class of services fpcuses on
the transfer of geographic information across a computer network. Requirements for Transfer and Encoding
services|are found in ISO 19118.

— Geographic Information Processing Services. The specialization of this class of services fpcuses on
processing of geographic information. 1ISO19116 is an example of a processing service. Other| examples
include gervices for coordinate transformation, metric translation and format conversion.

— Geographic Information System Management. The specialization of this class of services focusges on user
management and performance management. These services are described in more detail in ISO 19119.

9.5.4 Service types in the 1ISO 19100 series compared to other service models

ISO 19119 provides a camparison of service classes identified in the preceding subclauses to ISO OSE Reference
Model descriped in ISONEC TR 14252, the ECMA/NIST model, the CEN ENV 12009, the OpenGIS Seryice Model
and the Object Management Group (OMG).

9.6 Servi¢einterfaces and standardization requirements

9.6.1 Introduction

This subclause describes a method for identifying standardization requirements for geographic information
services. This method uses the geographic information service classes and service interfaces identified in 9.5.
Developers of the ISO 19100 series of standards should use this method to identify standardization requirements
for use in determining if these standards are complete and if new projects should be started. Developers of external
standards that should be consistent with the 1ISO 19100 series of standards may use this method for purposes of
comparison.

The process of requirements identification results in taxonomy of standardization requirements. The taxonomy is a
tool for use by standards developers to guide the evolution of geographic information standards.

30 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

ISO 19101:2002(E)

9.6.2 Identifying standardization requirements for geographic information services

The procedure for identifying standardization requirements is to first examine what service interfaces a particular
geographic information service (or class of services) needs. The next step is to identify specific requirements for
each service interface and to determine what must be standardized to enable the geographic information service
(or class of services) to interoperate at that interface. The identification of combinations of geographic information
services and service interfaces define standardization requirements for geographic information. Figure 14 depicts
the static relationships that form the basis for this approach.

(:nngraphir‘ Information Senvice Interface type
0..* 0..*
Defines
Defines
defined
0..* | requirement
0..* 0..*
Standardization requiremént
component defined
requirement 0..* | defirfed requirement
requirement
Is component of
Is met by
0..*
Profile K&— Standard

Figure-14 — Identification of standardization requirements

For any gombination_ofservice classes and service interfaces, standardization requirements may consist of
specifying

— the fupctionprovided by the service,

— how ageographicinformationservice s invoked-and-the protocomessages for communicating with a service,
— the metadata description of the information that is sent or received by the service,

— the semantic content of the information that is sent by or received from the service, including description of
quality information and

— the encoding, or transfer format, for the data that is sent or received by the service.

The Domain reference model provides initial guidance for considering the content of the information sent or
received by geographic information services.
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9.6.3 Fulfilling standardization requirements and the role of profiles

Candidate standards that meet individual standardization requirements may be:

— the different standards in the ISO 19100 series of geographic information standards,
— standards for geographic information external to the ISO 19100 series,

— general information technology standards, or

— profiles of the I1ISO 19100 series of standards, which can include 1SO 19100 series base standards and
external[geographic information standards.

Open Systems Environment (OSE) profiles organize standardization requirements into collections-fer spécific kinds
of applications or purposes. The basic concepts of OSE profiles are described in ISO/IEC TR 10000-3. |SO 19106
specializes these concepts for geographic information and defines the process for developing Geographic Open
System Envifonment (GOSE) profiles, each of which describes a number of specific standardization requirements
together witlh the standards that meet these needs. The relationship between standardization requirements,
standards thpt meet these needs and profiles is depicted in Figure 15. Clause 10.of this Internationa| Standard
provides further information on profiles and functional standards.

9.6.4 Elabgration of standardization requirements

The basic agproach described in the previous subclause is elaborated.bélow in an example. Figure 15 ghows two
geographic ipformation service classes (or subclasses) identified in ‘clause 9 of this International Stahdard and
identifies stapdardization requirements at the Application Programming Interface. The standardization requirements
are shown as subtypes of a generic standardization requiremeft.” Each requirement may be related fo different
standard(s) gf the ISO 19100 series.
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Figure 15 — More detailed view of services and standardization requirements

pach is usable to\develop a complete taxonomy of standardization requirements fo

ing this procedure to identify requirements for geographic information standards

This procedurevis intended to help ensure that the 1ISO 19100 series of standards addresses

standardi

tionsrequirements for geographic information. Specifically, the procedure should be used to

geographic

all relevant

services at service interfaces,

programs of existing projects are complete,

the ISO 19100 series,
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identify specific standardization requirements that will enable the interoperation of geographic information

relate standardization requirements to the different standards in the ISO 19100 series to ensure that the work

determine which standards external to the ISO 19100 series of standards fulfil the requirements identified for

identify additional work that may need to be undertaken as part of the ISO 19100 series of standards.
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10 Profiles and functional standards
10.1 Content of this clause

The comprehensiveness and large number of options available in various base standards make it difficult to
combine them for practical applications. The concept of profile is a useful tool for actually establishing such
combinations, thereby providing a mechanism to use the standards in the ISO 19100 series in real applications. A
profile integrates a set of base standards and/or modules (predefined subsets) of base standards to meet a specific
implementation requirement. The concept and development of profiles of the ISO 19100 series of standards follows
the guidelines set forth in ISO/IEC TR 10000-1.

10.2 Profiles and base standards

A profile is @ set of one or more base standards and, where applicable, the identification of+choseh clauses,
classes, subpets, options and parameters of those base standards, that is necessary to accemplish g particular
function. A blase standard is any standard in the ISO 19100 series or any other Information‘\T'echnology standard
that can be Used as a source for components from which a profile may be constructed.

Base standafds define fundamentals and generalized procedures. They provide an.infrastructure that cgn be used
by a variety ¢f applications, each of which constitutes a specific selection from the options offered.

10.3 Modujarity concept

A module is| a predefined set of elements in a base standard that .may be used to construct a profile. These
predefined sets of elements are defined in the ISO 19100 seriescofybase standards, to restrict the humber of
possible conpbinations of the components and instantiations of the rules of the ISO 19100 series of gtandards.
Usually modules form the lowest level of granularity from which elements for a profile may be selgcted. The
modular strugture of the ISO 19100 base standards makes the creation of profiles more efficient and transparent,
and promotep interoperability.

10.4 Use of profiles

Profiles defining conforming subsets or combinations of the ISO 19100 series of base standards and/pr subsets
thereof, are used to perform specific functions. Profiles identify the use of particular options available if the base
standards arld provide a basis for development of uniform, internationally recognized conformance tests.

10.5 Prodyct specifications

A product specification is a description of the universe of discourse and the specification for mapping the universe
of discourse fo a dataset.

A product specification.ig™similar to a profile; in as much as it consists of a selection of optional itemp from the
series of ISC 19100 standards. However, a product specification differs from a profile in that a product sgecification
is a complete¢ description of all of the elements required to define a particular geographic data product.|A product
specification| may. include information such as: data content and classification; standards and profiles; spatial
referencing; |data_structures:; sources and data capture; update: data presentation; data quality and integrity;
applicability and metadata.

10.6 Relationship of profiles to base standards

ISO 19106 is a procedure standard. 1SO 19106 provides the principles for profiles of the standards in the
ISO 19100 series, possibly in combination with one or more other IT base standards, guidelines for their creation, a
classification scheme and a mechanism and procedures for their registration. ISO 19106 also provides the concept
of modularity, which has been applied to the ISO 19100 base standards to enable the efficient use of components
thereof to build a profile.

34 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=cf084e39cacd3fca695bcbbfa72bc218

