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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 liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Internatlonal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part
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s adopted by the technical committees are circulated to the member bodies for voting.

on as an International Standard requires approval by at least 75 % of the member bodis
vote.

Circumstances, particularly when there is an urgent market requirementfor such documents
committee may decide to publish other types of normative document;

50 Publicly Available Specification (ISO/PAS) represents an agreement between technic
rts in an ISO working group and is accepted for publication if itissapproved by more than 50
e members of the parent committee casting a vote;

50 Technical Specification (ISO/TS) represents an agreement between the members of
hical committee and is accepted for publication if itissapproved by 2/3 of the members of t}
mittee casting a vote.
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0150-1 was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatics.
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1: Framework

2: Rules for developing ontologies in the Web Ontology Language (OWL)Y
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5: Domain ontology registry

6: Service ontology registry
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To be published.
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Introduction

For more than two decades (since the World Wide Web was established) the web has been a network
of data with proper syntax (structure) but without any meaning (semantics) to the machine. The
Semantic Web has introduced the Web of data. The Semantic Web became an extension of the already
existing web of data, by adding machine-processable data (with embedded semantics) as opposed to just
documents. It can be seen as a tremendous worldwide open database that people can query from their
own perspective, understanding, or abstraction of real world phenomena or events and get accurate,
detailed, and appropriate answers. This approach involves reasoning capabilities based on ontologies.
Following this path the notion of “Linked Data” has been introduced for data of various kindg, coming
filom different sources, to be connected together on the Web by the way of HTTP URIs. As a.conr§equence,
the Semantic Web and Linked Data bring new opportunities for the geographic informatipn redlm to lay
ofit a new generation of standards in order to benefit from these in achieving semantic,interogerability
of geographic information.

Ontology consists of a formal representation of phenomena of a universe of discourse with an urjderlying
vpcabulary including definitions and axioms that make the intended meaning explicit and |describe
phenomena and their interrelationships. It supports the representation-of concepts that pupports
the interpretation of data and reasoning to concur to semantic interoperability. Data from |different
d|sciplines including geographic information can be integrated dnd contribute to addressing from
specific (e.g. oil spill) to global problems (e.g. climate change).

This Technical Specification defines a high level frameworkthat structures the standards spgcifically
afldressing the semantics of geographic information through ontologies. The proposed other] parts of
the framework include:

140 19150-2, Geographic information — Ontology =~/Part 2: Rules for developing ontologies in| the Web
Ontology Language (OWL), defines rules and guidelines for the development of ontologies in OWL-
DL, including a mapping between UML class, didgram elements and OWL-DL and rules for d¢scribing
application schemas in OWL-DL.

]

40 19150-3, Geographic information (— Ontology — Part 3: Semantic operators, defines pemantic
proximity operators between concepfsthat complement geometric and temporal operators.

[0 19150-4, Geographic information — Ontology — Part 4: Service ontology, identifies the frgmework
fqr service ontology and defines the description of Web services for geographic information in an
ohtology language.

]

40 19150-5, Geographic information — Ontology — Part 5: Domain ontology registry, dgfines an
rfjternational registry-of geographic information domain ontologies and its maintenance.

—n

]

40 19150-6,Geagraphic information — Ontology — Part 6: Service ontology registry, dgfines an
riternationabregistry of geographic information service ontologies and its maintenance.

—n

These parts are completed with the [SO/TC 211 Harmonized ontologies that consist of a set off OWL-DL
onhtologies that translate and complement the ISO/TC 211 Harmonized models developed in UNIL.

This~Techmicat-Specification simtended to be used primmarily by stanmdards devetopers i geographic
information. It can also benefit information system analysts, program planners and developers of ISO
geographic information standards. It will improve understanding of the basic principles of semantic
interoperability and their consistent application to geographic information.

© IS0 2012 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 19150-1:2012(E)

Geographic information — Ontology —

Part 1:
Framework

[y

Scope

This Technical Specification defines the framework for semantic interoperability.'of ge|
riformation. This framework defines a high level model of the components requiredto handle s
the ISO geographic information standards with the use of ontologies.

SR
—

2| Conformance

Apy documents claiming conformance with this Technical Specification shall pass the requ
described in the abstract test suite presented in Annex A.

3| Normative references

The following documents, in whole or in part, are normatively referenced in this document
ridispensable for its application. For dated references, only the edition cited applies. For
r¢ferences, the latest edition of the referenced do¢iment (including any amendments) applies.

—e

[

§O/TS 19103:2005, Geographic information —Conceptual schema language

[

40 19109:2005, Geographic information,-o Rules for application schema

p—

40 19119:2005, Geographic information — Services

Yt

40 19135:2005, Geographic information — Procedures for item registration

4 Terms and definitions

For the purpose of this document, the following terms and definitions apply.

S

1
applicationischema
conceptual.schema (4.3) for data (4.4) required by one or more applications

[JOURGE: I1SO 19101-1:—2), 4.1.2]

ographic
emantics

rements

and are
undated

42

conceptual model
model that defines concepts of a universe of discourse

[SOURCE: ISO 19101-1:—3), 4.1.5]

2) To be published.
3) To be published.
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conceptual schema
formal description of a conceptual model (4.2)

[SOURCE: ISO 19101-1:—%), 4.1.6]

4.4
data

reinterpretable representation of information (4.7) in a formalized manner suitable for communication,
interpretation, or processing

[SOURCH: ISO/IEC 2382-1:1993, 01.01.02]

4.5
feature
abstract

[SOURCH: ISO 19101-1:—5), 4.1.11]

4.6
framew

logical sfructure for classifying and organizing complex information (4.7)

[SOURCH: ISO/TS 27790:2009, 3.27]

4.7
informa

knowledge (4.8) concerning objects, such as facts, events, things) processes, or ideas, including concepf]
that within a certain context has a particular meaning

[SOURCH: ISO 2382-1:1993, 01.01.01]

4.8

knowledge
cognizarlce which is based on reasoning

NOTE
4.9

metadata
data (4.4]) about data

[SOURCH: ISO 19115:2008;4.5]

4.10
ontolog)

formal r¢presentation of phenomena of a universe of discourse with an underlying vocabulary including

definitio

interrelaltionships

on of real world phenomena

brk

kion

()
~

Adapted from ISO 5127:2001, 1.1.3714.

<

hs and axioms that make the intended meaning explicit and describe phenomena and thejir

[SOURCE: ISO 19101-1:—9), 4.1.24]

411

registry
information (4.7) system on which a register is maintained

[SOURCE: ISO 19135:2005, 4.1.13]

4) To be published.
5) To be published.
6) To be published.

2
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412
schema
formal description of a model

[SOURCE: ISO 19101-1:—7), 4.1.32]

4.13
Semantic Web
Web of data (4.4) with meaning

CAHlRARICOA-10404-1 8) 4.4 271
[-. VUURNUL. TOU 171U 11,/ "/, 7. 1.09]

NPTE The association of meaning allows data and information (4.7) to be understood and\pro
aytomated tools as well as by people.

4{14
upiverse of discourse
vlew of the real or hypothetical world that includes everything of interest

[JOURCE: ISO 19101-1:—9), 4.1.36]

415
Uniform Resource Identifier (URI)
uhique identifier for a resource, structured in conformance with\IETF RFC 2396

—

JOURCE: ISO 19136:2007, 4.1.65]

4{16
Web service
s¢rvice that is made available through the Web

JOURCE: ISO 19101-1:—10), 4.1.39]

—

NPTE A Web service usually includesxsome combination of programming and data. It may als
hfiman resources.

5/ Symbols and abbreviated terms

For the purpose of this Technical Specification, the following symbols and abbreviated terms 4
HTTP Hypertext-Transfer Protocol

LLCS Land €over Classification System

LADM I'and Administration Domain Model

ressed by

o include

pply.

OEM Ontology Definition Metamodel

OMG Object Management Group

OWL Web Ontology Language
OWL-DL OWL - Description Logic

OWL-S Semantic Markup for Web Services

7) To be published.
8) To be published.
9) To be published.
10) To be published.
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PDF Portable Document Format

RDF Resource Description Framework
RDF-S RDF Schema

RIF Rule Interchange Format

SPARQL Simple Protocol and RDF Query Language

UML Unified Modelling Language

URI Uniform Resource Identifier

w3cC World Wide Web Consortium

XML eXtensible Markup Language
WSMO Web Service Modelling Ontology

6 Ontplogy in geographic information

6.1

Semanti¢s has an essential role in the interoperability of geographic information. The backgrourd
informatfion to explain this is provided in Annex B. Ontology is a fundamental notion to suppoft
semantiq interoperability of geographic information. Accordingly, this Technical Specification adher¢s
to the information technology and artificial intelligence %iewpoint for ontology. In agreement with thijs
viewpoint and in the context of ISO geographic informiation standards, an ontology refers to a formpl
represef{tation of phenomena with an underlying vo¢abulary including definitions and axioms that malte
the inte
used by §oftware applications to support thegsharing, reuse, and integration of geographic informatign
with any|other information sources within:ddomain of knowledge as well as between various domains
of knowledge. It is represented by classes, relations, properties, attributes, and values. It constitutes|a
foundatipn to support reasoning, intexpretation, and inference.

6.2

Ontologyf is a fundamental.fpotion for semantic interoperability, for data available on the Semantic Wgb
and as sych for geographieinformation interoperability. The following values of ontology are recognizgd
as imporftant with respect to interoperability of geographic information:

Infroduction

ded meaning explicit and describe phenomena and their interrelationships. An ontology can he

Vallues of ontologies

Interoperability’across domains;

Expgse 4SO~ geographic information standards to other communities that are not aware of the
geographic information domain;

Automatic machine reasoning and inference;
From data description via information description to knowledge description;
Focus on online access of information and knowledge (as opposed to offline access);

Interrelate similar/different concepts (such as different keywords for similar concepts in
metadata); and

Associate (similar/different) concepts between domains.

© ISO 2012 - All rights reserved
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6.3 Issues of relevance

Considering the values of ontologies for interoperability of geographic information, the following issues
become relevant for the ISO geographic information standards:

— Developing rules for writing application ontologies for OWL;

— Introducing ontologies as part of product specification applications;

— Developing content standards in ontologies using OWL [42] (application ontologies,

ontalogine ot alangiiagnc).

domain

7

T
i1
14
cd

UTTCOTUSTC S, I tarati g aa gt Sy,

Introducing spatial operators as defined in ISO 19107 [19] and ISO 19125-1 [21] to-the
Web for spatial reasoning and inference, so that they can be used as part of Semanti¢ Web Iz
(RDF [39], RDF-S [38], and OWL [42]);

Defining semantic operators about the semantic similarity with respect to cencepts, defin
use as part of Semantic Web languages (RDF [39], RDF-S [38], and OWL [42]);

Translation of the ISO harmonized model from UML to OWL; and

Defining Web services ontologies.

Framework

1 Overview of the framework

he framework of this Technical Specification (Figure 1) presents the structure of the package;j
troduced to address semantics of geographicinformation through ontologies. The chosen
nguage is OWL-DL. This choice is justified because of the level of expressivity and the r
pabilities it provides.

bemantic
Inguages

ition and

thatare
ontology
Pasoning
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1SO 19109 Application Schema | ISO 19110 Feature Catalog |

T |

N

N T T A
|
(from ISO TC211 Harmonized Molhels) (from I:SO TC211 Harmonized Models)
i x
[ | [ :
I | 1SO 19103 Schema Language | | |
| [N —
| E !
e Kmmm - T
|
| |
|

(from ISO TC211 Harmonized Models)
1

I

w

|
19115-All Metadata| 1SO 19150-1 Ontology Framework| IS0 19119 Services

7T | |

N\ N N N
(from ISO TC211 Harmonized Models) : (from ISO TC211 Ontology) (from ISO TC211 Harmonized Models)
| | |
- - -~ - | b - 1o
| | (]
| | Y
1 | AV
ISO 1915¢-3 Semantic Operators | ISO 19150-2 Rules for Ontologies in OWL | 1SO-19150-4 Service Ontology |
[T & |
/I\ N N
(frorp ISO TC211 Ontology) | (from ISO TC211 Ontology) (from 150 TC211 Ontology)
| |
[ - | |
| | |
| | |
| | |
ISO TC211 Harmonized Ontologies | ISO 19150-5 domain Ontology Registry | ISO 19150-6 Service Ontolgy Registry |
T T T
(from ISO TC211 Ontology) (fronhISO TC211 Ontology) (from ISO TC211 Ontology)
| | |
| | |
\V4 \V2 \V2
IS® TC211 Harmonized Models | IS0 19135:2005 Procedures for Registration |
(from Model) (from ISO 19125--All Procedures for Registration)

Figure 1 — Framework decomposition in packages and dependencies

The franpework intreduces seven components including this framework that have dependencies wit

other exi

ISO/TS 1

sting parts\of the ISO geographic information standards!!. These components are:

D150+1,.Geographic information — Ontology — Part 1: Framework (i.e. this Technical Specification

Internatjonal Standard to be published:

N

h

ISO 19150-2, Geographic information — Ontology — Part 2: Rules for developing ontologies in the Web

Ontology
Internati
ISO 1915
[SO 1915
ISO 1915

Language (OWL).

onal Standards under development:

0-3, Geographic information — Ontology — Part 3: Semantic operators.
0-4, Geographic information — Ontology — Part 4: Service ontology.

0-5, Geographic information — Ontology — Part 5: Domain ontology registry.

11) Only geographic information standards that have direct dependencies with the introduced components are
shown in the framework diagram.

6
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ISO 19150-6, Geographic information — Ontology — Part 6: Service ontology registry.
“ISO TC211 Harmonized Ontologies”.

7.2 Rules for developing ontologies in the Web Ontology Language

Ontologies need to be consistent to simplify their use and interoperability. They shall be developed in
harmonization with ISO/TS 19103 and ISO 19109. A methodology and rules for translating UML diagrams to
OWL-DL ontologies are required. This can benefit from OMG’s Ontology Definition Metamodel (ODM) [32].

Y

40 19150-2 shall define rules and guidelines for the development of ontologies to better support the
rteroperability of geographic information on the Semantic Web with OWL-DL. It shall also|define a
nlapping of the UML class diagram elements used in the ISO geographic information standards into
OWL-DL and rules for describing application schemas based on the General Feature Model (as defined in
40 19109 in OWL-DL. Such rules shall address the following issues:

—e

[

— Naming: ISO geographic information models use the same name in diffefént context which is not
allowed in ontologies, moreover in OWL-DL;

— The manner in which UML packages are addressed in ontologies;
— Abstract class;

— Stereotype;

— Aggregation and composition;

— Association names;

— Qualified associations;

— Enumerations and code lists;

— Operations and methods;

— Ontology quality assessment.

tologies provide the definitions of concepts and the relationships between them with respect to some
cfntext. As such, reasoning and inference with ontologies is then possible. Annex C provides bagkground
irfformation on ontelegy matching and semantic similarity for ontology reasoning in the gelographic
dpmain. Reasoning”and inference can lead to a wide range of possibilities related to interoperability:
dpta discovery/query answering, geographic data integration, and composition of geographic data with
dpta from ether sources and domains. It can be supported by the definition of semantic operatdrs which
complement ISO geographic information geometric and temporal operators.

73 Semantic operators
0

p—

40-19150-3 shall define semantic proximity operators between concepts associated with geomgetric and
tamporal representations. These operators complement the current suites of geometric and femporal

operators already defined in ISO 19107 [19], ISO 19108 [18], ISO 19125-1 [21], and ISO 19141 [23].

7.4 Service ontology

Web services are important components that compose the Web. Currently, the use and interaction of
Web services still require the participation of humans to find and integrate Web services. The Semantic
Web could also contribute to facilitate the interaction with Web services by introducing semantics and
ontologies for Web Services [37]. The Semantic Web can support Web services to automate the Web
service discovery, the composition of Web services, and their invocation in order to enable seamless
machine interoperation with minimum human interaction. Semantic annotation of services in terms of
capabilities, selection, access, composition, and invocation are then required and should be supported
through ontologies.

© IS0 2012 - All rights reserved 7
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Two frameworks are found to support the above functionalities: Semantic Markup for Web Services
(OWL-S) (Figure 2) [43] and Web Service Modelling Ontology (WSMO) (Figure 3) [34].

OWL-S is an ontology of services to support discovery, composition, and invocation of Web services.
The structure of a service ontology has three parts: service profile, process model, and grounding. The
service profile provides details about what the service can do for clients; the capabilities. The main task
of the service profile is for advertising and discovering services. The service process model provides
details about how the service operates. The grounding provides details about the way to interact with a
service via messages, such as transport protocols.

ServiceProfile
p‘ﬁese“‘—s

atit does)

Sy,
[]IOW pports

t
0 dccegyg )
ServiceGrounding
ServiceModel

Figure 2 — OWL-S service ontology

WSMO has been developed for Web service from the European Sémantic Systems Initiative. Itis composgd
of four mmain elements: ontologies, Web services, goals,cand mediators. The ontologies provide the
formal srecification of terminology used by the other WSMO components. The Web services provide the
semantiq description of Web services in terms of capabilities, interfaces, and internal operations of the
service. ioals refer to the objectives that a client wants to achieve by using Web services. The mediators
provide the connectors between components with mediation facilities for handling heterogeneities.

Goals

Ontologies Web Services

Mediators

Figure 3 — WSMO components

OWL-S and WSMO have been submitted to W3C as potential input to future W3C recommendations.
Other developments like WSMO Lite and Linked Open Services are also relevant to look atand to consider.

In the ISO geographic information standards, ISO 19119 sets the basis for developing geospatial services
and for the documentation of these services through service metadata. This could be seen as a foundation
for the definition of geospatial service ontology allowing semantic annotation.

ISO 19150-4 shall identify the appropriate framework for service ontology in geographic information
(OWL-S or WSMO) and shall define the description of Web services for geographic information in an
ontology language in order to be discovered on the Semantic Web.

8 © IS0 2012 - All rights reserved
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7.5 Domain ontology registry

More attention is being given to the content part of geographic information in the ISO suite of geographic
information standards (e.g. ISO 19144-2 [24] and ISO 19152 [25]). Other topics such as climate change
variables and addressing are becoming of interest. Accordingly, a registry for geographic information

ontology is required for semantic interoperability between domains.

ISO 19150-5 shall define an international registry of geographic information domain ontologies and
its maintenance. The registry will be composed of standardized high level geographic information
ontologies. These ontologies shall be developed in OWL-DL. They shall be posted on the Web to support
S¢mantic Web applications. These ontologies shall be developed to serve as a basic framewoik for the
definition of ontologies at finer level of granularity for application, shall allow mapping ofconcepts
between application specific ontologies within a shared domain, and shall enable therinterrglation of
concepts across domains.

716 Service ontology registry

140 19150-6 shall define an international registry of geographic information service ontologigs and its
nlaintenance. The registry will be composed of standardized geographicinformation service ontologies.
These ontologies shall be developed in compliance with ISO 19150-4.which prescribes the def|nition of
s¢rvice ontologies.

7 Harmonized ontologies

rresponding to the ISO/TC 211 harmonized model. This package shall be posted on the Web tg support

7

The “ISO TC211 Harmonized Ontologies” package shall consist of a set of OWL-DL optologies
c

S¢mantic Web applications.

78 Framework package dependencies

First, the framework (ISO/TS 19150-1) istdependent on ISO 19109, ISO 19110 [22], ISO 19115 [20], and
I40/TS 19103 parts that condition thelabstraction of the geographic features and their repregentation
iffto data.ISO 19109 defines the General Feature Model (GFM), which dictates how a universe of discourse
id abstracted and defines the metamodel for the description of feature types with their propefties and
r¢lationships between featuretypes. ISO 19110 [22] defines the methodology for feature catialoguing
based on GFM for the documentation of the semantics of each feature type, its properties, relationships,
anhd so on. In addition to the choice of a conceptual model, ISO/TS 19103 defines a number of data types
tq be used in conceptyal models and ontologies for geographic data representation. Finally, [$O 19115
[20] defines some data types that have to be considered in the development of geographic ontdlogies.

Rules for develeping ontologies in the Web Ontology Language (OWL), ISO 19150-2, ISO [19150-3,
and ISO 19150-4 are subordinate to this framework. These packages shall agree to this framework.
Afditionally) 1SO 19150-4 shall agree with ISO 19119 on the manner that services are described and can
bg discovered.

Thén, the derivation of an “ISO TC211 Harmonized Ontologies” package (i.e. OWL-DL ortologies)
sitattbeprocessedaccording to the Tutes setim SO 19150=2anmd; assuch; the“1SO-T€ 2t Harmonized
Ontologies” package is dependent on ISO 19150-2. The “ISO TC211 Harmonized Ontologies” package is
obviously dependent on the foundational ISO/TC 211 harmonized models (i.e. “ISO TC211 Harmonized
Ontologies” package in Figure 1). The “ISO TC211 Harmonized Ontologies” package shall comply with
the ISO/TC 211 harmonized models. The “ISO TC211 Harmonized Ontologies” package is complementary
to the ISO/TC 211 harmonized model.

The domain ontologies registry ISO 19150-5 with the registered domain ontologies shall adhere
to ISO 19150-2 and to the “ISO TC211 Harmonized Ontologies” and, as such, are dependent on them.
[SO 19150-5 is also dependent on ISO 19135.

The service ontologies registry (ISO 19150-6 and the registered service ontologies shall adhere to
ISO 19150-4 and, as such, are dependent on it. ISO 19150-6 is also dependent on ISO 19135.

© IS0 2012 - All rights reserved 9
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A.1 Requirements

This Technical Specification identifies requirements for:

— Rules for developing ontologies in the Web Ontology Language (OWL);
— Sempntic operators;

— Servjice ontology;

— Domlain ontology registry;

— Servjice ontology registry;

— “ISO|TC211 Harmonized Ontologies;

— Framework package dependencies.

A.2 Ruyles for developing ontologies in the Web Ontology Language (OWL)

A2.1

The test for “Rules for developing ontologies in the Web Ontology Language (OWL)” is as follows:

a) Testfpurpose: Verify that ISO 19150-2"defines rules and guidelines for the development of ontologi¢
in OWL-DL that support interoperability of geographic information on the Semantic Web;

b) Test|method: Inspect if the scope of ISO 19150-2 identifies that it defines rules and guidelines fi

the

ont
c) Refefence: 7.2;

d) Test|type: Basictéest.

A.2.2

The test for¥Mapping between UML class diagram elements to OWL” is as follows:

Annex A
(normative)

Abstract test suite

Rules and guidelines

{tevelopment of ontologies in OWL-DL that support interoperability of geographic informatic
e Semantic Web;

Tapping between UML class diagram elements to OWL

a) Test purpose: Verify that ISO 19150-2 defines a mapping of the UML class diagram elements used in
ISO geographic information standards into OWL-DL and rules for describing application schemas
based on the General Feature Model in OWL-DL.

b) Test method: Inspect if ISO 19150-2 sets rules to map UML class diagram elements used in ISO
geographic information standards into OWL-DL and sets rules for describing application schemas
based on the General Feature Model in OWL-DL. Inspect if the rules address the following issues:

10

Naming;

UML packages;
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— Abstract class;

— Stereotype;

— Aggregation and composition;
— Association names;

— Qualified associations;

— Enumerations and code lists;

— Operations and methods;
— Ontology quality assessment.
c] Reference: 7.2;

d) Testtype: Capability test.

Al2.3 Dependency with this Technical Specification framework

The test for “Dependency with this Technical Specification framewefk” is as follows:

Test purpose: Verify that ISO 19150-2 agrees with this Technical Specification framework
b] Testmethod: InspectifISO 19150-2 setsits dependencyavith this Technical Specification framework;
c] Reference: 7.8;

d) Testtype: Capability test.

A.3 Semantic operators

Al3.1 Semantic operator definition
The test for “Semantic operator definition” is as follows:

a] Test purpose: Verify that ISO 19150-3 defines semantic proximity operators between fconcepts
associated with geometric and temporal representations;

b] Test method: Inspect if the scope of ISO 19150-3 identifies that it defines semantic proximity
operators between concepts associated with geometric and temporal representations;

c] Refereneed7.3;

d) Testtype: Basic test.

Al3.2 " Dependency with this Technical Specification framework

The test for “Dependency with this Technical Specification framework” is as follows:

a) Test purpose: Verify that ISO 19150-3 agrees with this Technical Specification framework;

b) Testmethod: InspectifISO 19150-3 setsits dependency with this Technical Specification framework;
c) Reference: 7.8;

d) Testtype: Capability test.
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A.4 Service ontology

A.4.1 Description of Web services
The test for “Description of Web services” is as follows:

a) Test purpose: Verify that ISO 19150-4 defines the description of Web services for geographic
information in an ontology language in order to be discovered on the Semantic Web;

b) Test method: Inspect if the scope of ISO 19150-4 identifies that it defines the description of Web
servjces for geographic information in an ontology language in order to be discovered on-the
Sempntic Web;

c) Refefence: 7.4;

d) Test|type: Basic test.

A.4.2 HKramework for service ontology
The test for “Framework for service ontology” is as follows:

a) Test[purpose: Verify that ISO 19150-4 identifies the appropriate framework for service ontology In
geographic information;

b) Testjmethod: Inspectif ISO 19150-4 sets which framework of service ontologies shall be used for the
desdription of Web services for geographic information;

c) Refefence: 7.4;

d) Test|type: Basic test.

A.4.3 Dependency with this Technical Specification framework

The test for “Dependency with this TechnicakSpecification framework” is as follows:

a) Test[purpose: Verify that ISO 19150-4 agrees with this Technical Specification framework;
b) Testmethod: InspectifISO 19150-4'setsits dependency with this Technical Specification framework;
c) Refefence: 7.8;

d) Test|type: Capability teSt;

A.4.4 Dependency)with ISO 19119
The test for “Depéndency with ISO 19119” is as follows:
a) Test[purpase: Verify that [SO 19150-4 agrees with ISO 19119;

b T 4+l ph N ¢ Lol ICO 1 10
estnretrroe: ISpectirisu T 7
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STLS TS UTPTUITUTIILY WILITTOU 1711

H
g
P
NS

c) Reference: 7.8;

d) Testtype: Capability test.
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A.5 Domain ontology registry

A.5.1 International registry of geographic information domain ontologies

The test for “International registry of geographic information domain ontologies” is as follows:

a)

b)

Test purpose: Verify that ISO 19150-5 defines an international registry of geographic information

domain ontologies and its maintenance;

Test method: Inspect if the scope of ISO 19150-5 identifies that it defines an international

registry

AL5.2 Ontology language

The test for “Ontology language” is as follows:

AL5.3 Concept mapping

The test for “Concept mapping” is as follows:

Al5.4 Dependency with ISO 19150-2
The test for fDependency with ISO 19150-2" is as follows:

of geographic information domain ontologies and its maintenance;
Reference: 7.5;

Test type: Basic test.

Test purpose: Verify that ISO 19150-5 ensures that ontologies of the tegistry are developed in
Test method: Inspect if ISO 19150-5 requires that the ontolog¥y.language is OWL-DL;
Reference: 7.5;

Test type: Basic test.

Test purpose: Verify that ISO 19150<5 ensures that the ontology registry enables m4

OWL-DL;

pping of

concepts between application specific ontologies within a shared domain and to ingerrelate

concepts across domains;

Test method: Inspect if ISO 19750-5 defines and provides functionalities to map concepts
application specific ontolegies and to interrelate concepts across domains;

Reference: 7.5;

Test type: Basic'test.

Test purpose: Verify that ontologies of the “Domain ontology registry” agree with the
in 1SO 19150-2;

between

rules set

b)

‘)
d)

Test method: Inspect if ontologies of the “Domain ontology registry” pass the tests of ISO
abstract test suite about rules for application schema;

Reference: 7.8;

Test type: Capability test.

A.5.5 Dependency with ISO 19135

The test for “Dependency with ISO 19135” is as follows:

19150-2

a) Testpurpose: Verify thatthe “Service ontology registry” agrees with the requirementssetinISO 19135;

© IS0 2012 - All rights reserved
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b) Testmethod: Inspectifthe “Service ontology registry” passes the tests of ISO 19135 abstract test suite;
c) Reference: 7.8;

d) Testtype: Capability test.

A.6 Service ontology registry

A.6.1 International registry of geographic information service ontologies

The test for “International registry of geographic information service ontologies” is as follows:

a) Test|purpose: Verify that ISO 19150-6 defines an international registry of geographic informatiqn
servjce ontologies and its maintenance;

b) Test[method: Inspect if the scope of ISO 19150-6 identifies that it defines an international registfy
of gdographic information domain ontologies and its maintenance;

c) Refefence: 7.6;

d) Test|type: Basic test.

A.6.2 Service ontologies
The test for “Service ontologies” is as follows:

a) Test| purpose: Verify that the service ontologies of the' international registry of geographiic
infoymation service ontologies comply with ISO 1915044;

b) Testjmethod: Inspectif ISO 19150-6 service ontology complies with I[SO 19150-4;
c) Reference: 7.6;

d) Test|type: Basic test.

A.6.3 DDependency with ISO 19150-4
The test for “Dependency with ISO19150-4" is as follows:

a) Test|purpose: Verify thatservice ontologies of the “Service ontology registry” agrees with the
requirements set in ISO-19150-4;

b) Test|method: Inspect if service ontologies of the “Service ontology registry” pass the tests pf
ISO 19150-4 abstract test suite;

c) Reference:Z8;

d) Testltype: Capability test.

A.6.4 Dependency with ISO 19135

The test for “Dependency with ISO 19135” is as follows:

a) Testpurpose: Verify thatthe “Service ontologyregistry” agrees with the requirementssetin ISO 19135;
b) Testmethod: Inspectifthe “Service ontology registry” passes the tests of ISO 19135 abstract test suite;
c) Reference: 7.8;

d) Testtype: Capability test.
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A.7 ISO/TC 211 Harmonized ontologies

A.7.1 “ISO/TC211 Harmonized Ontologies” package

The test for “ISO/TC 211 Harmonized Ontologies” is as follows:

a)

b)

Test purpose: Verify that the “ISO TC211 Harmonized Ontologies” package defines OWL-DL

ontologies corresponding to the ISO/TC 211 Harmonized model;

Test method: Inspect if the “ISO TC211 Harmonized Ontologies” describes all components of the

Al7.2 Ontologies on the Web

The test for “Ontologies on the Web” is as follows:

Al7.3 Dependency with ISO 19150-2
The test for “Dependency with ISO 19150-2" is:as follows:

ISO/TC 211 Harmonized model in OWL-DL;
Reference: 7.7 and 7.8;

Test type: Capability test.

Test purpose: Verify that the “ISO TC211 Harmonized Ontologies™are posted on the Web;
Test method: Inspect if the “ISO TC211 Harmonized Ontologies” are published on the Web
Reference: 7.7;

Test type: Basic test.

Test purpose: Verify that the “ISO TC211 Harmonized Ontologies” are processed in agreen
the rules setin ISO 19150-2;

Testmethod: Inspectifthe “ISO'TC211 Harmonized Ontologies” pass the tests of ISO 19150-2
test suite about rules for derivation of OWL-DL ontologies from UML class diagram elemer

Reference: 7.8;

Test type: Capability test.

© IS0 2012 - All rights reserved
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Annex B
(informative)

Background information on ontologies

B.1 Dg

Semanti
psycholo
relationg

the meaning triangle [7] [9] shown in Figure B.1 where the relation between a phenonienon and a sign

(or the d
designat
of humat
descripti

bscription of semantics

srefersto the study of meanings. Ithas been studied in numerous disciplines such as philosophy,
gy, semiotics, cybernetics, and applied linguistics. Semantics deals with establishing the
hip between real world objects and data. It has been described deeply by many authors using

hta) used for its representation is indirect. The relation between a phenomenon and the sigis
ng it is given by the way of concepts that are maintained in knowledgé-bases, e.g. the mind
W beings, conceptual models, or ontologies in computer systems. This(triangle is essentially|a
on of how semantics is understood in the fields of semiotics, cybernetics, and applied linguistids.

:’° Historical Building:
" Colosseum,
., Rome,
<%** N41°53'25" Latitude

’i?.'.i,,:'s.,,,.§512°29'3.2" Longitud
Slgnlﬁed o'o.....‘o".. vee S o
Concept

Phenomenon
referent signifier

Figure B.1 — Semantic triangle: Phenomenon - Concept - Sign

B.2 1ISO geographic information standards related works

The ISO

geographic information standards have an important record of standards and technical

specifications that relate to semantics. They define numerous concepts that set the semantics for

data des

16

cribing real world phenomena. They address terminology, rules and methodologies for
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content description, schemas, encoding. The list below identifies a subset of standards and technical
specifications that contributes to the semantic definition of geographic information concepts.

Terminology

[SO/TS 19104, Geographic information — Terminology
ISO/TS 19138, Geographic information — Data quality measures

Rules and methodologies for content description

ISO 19109, Geographic information — Rules for application schema

ISO 19110, Geographic information — Methodology for feature cataloguing

ISO 19126, Geographic information — Feature concept dictionaries and registers
[SO/TS 19127, Geographic information — Geodetic codes and parameters

[SO 19131, Geographic information — Data product specifications

ISO 19135, Geographic information — Procedures for item regi§tiation

1SO 19144-1, Geographic information — Classification system$<Part 1: Classification system
ISO 19145, Geographic information — Registry of representations of geographic point lo

[SO 19146, Geographic information — Cross-domain vocabularies

Schemas

ISO/TS 19103, Geographic information < Conceptual schema language
ISO 19107, Geographic information <s'Spatial schema

ISO 19108, Geographic information - Temporal schema

ISO 19111, Geographic information — Spatial referencing by coordinates

[SO 19111-2, Geographic information — Spatial referencing by coordinates — Part 2: Exte
parametric values

ISO 19112, Geographic information — Spatial referencing by geographic identifiers
ISO 191157 Geographic information — Metadata

structure

ration12)

nsion for

1SO 191715-2, Geographic information — Metadata — Part 2: Extensions for imagery and gridlded data

1S0"19119, Geographic information — Services

[SO 19123, Geographic information — Schema for coverage geometry and functions

[SO 19125-1, Geographic information — Simple feature access — Part 1: Common architecture

Content description

— SO 19144-2, Geographic information - Classification systems — Part 2: Land Cover Meta

Language (LCML)

12) To be published.

© IS0 2012 - All rights reserved
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— IS0 19152, Geographic information — Land Administration Domain Model (LADM)3)
— Location-based services
— IS0 19133, Geographic information — Location-based services — Tracking and navigation
— [S0 19134, Geographic information — Location-based services — Multimodal routing and navigation
— IS0 19141, Geographic information — Schema for moving features

— Common format (Encoding)

— 1S0 19118, Geographic information — Encoding
— IS0 19136, Geographic information — Geography Markup Language (GML)
— |SO/TS 19139, Geographic information — Metadata — XML schema implementatién

B.3 The Semantic Web

B.3.1 Introduction

Since its|inception, the Web has consisted of a system of linked documents that are available in an opgn
or well Known distribution format such as hypertext format or portable document format (PDF). Wgb
documerts relate to each other using hyperlinks or other predefined fixed links14). They may contajn
texts, impges, sounds, videos, and other multimedia documents.and may be viewed using a Web browse¢r
and plugtins. Web documents are essentially intended for human beings, which have to figure out the
very natiire and usefulness of their content for their purposez]nitially, the Web and Web documents were
not designed to be used or interpreted by software or*machines. Search engines facilitate document
discovery on the Web based on keyword indexing.

The Semgntic Web is an extension of the current Web that consists of a Web of data and information that afe
processaple by computers [3]. Itis able to answer questions involving semantics as opposed to just returning
Web pagps or documents on specific topics based on keyword search. The Semantic Web is applicatign
independent, composeable, classified,and partofalargeinformation structure. Since dataare understandable
and procgssable by machines, they need to be much more clever than current Web documents.

The Sempntic Web provides a solution for:

— infofmation overload and especially with the propagation of the Internet;
— locating and retrievifig data on the Web complying with users’ needs;

— breaking stovepipesystems and allowing information sharing;

— integratingand aggregating data from various sources on the Web; and

— enaljlingwusers to retrieve data efficiently.

The Semantic Web deals with common formats. Accordingly, the syntactic foundation of the Semantic
Web is the eXtensible Markup Language (XML) [40]. Based on XML, languages such as Resource
Description Framework (RDF) [37], RDF Schema (RDF-S) [38], and Web Ontology Language (OWL)
[42] are used for data and concept representation whereas Simple Protocol and RDF Query Language
(SPARQL) [41] is used for query.

13) To be published.

14) Public access information systems (with graphics) have been available over world wide data networks since
the late 1970’s but the defining characteristics of the World Wide Web since the early 1990’s has been the indirect
addressing system of web addresses based on registered domain names.
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In the Semantic Web, data make up the raw level of the knowledge continuum (Figure B.2). They consist
of bits, bytes, characters, etc. The syntax refers to the structure in which the data are described. The
syntax helps to identify the different pieces of data which are essential to enable their further processing
by computers and software. Once pieces of data are recognized, semantics is necessary to interpret what
they mean. For example, < gmd:CI_Date > has a specific meaning in the context of geospatial metadata;
it means a date that could be of creation, publication, or revision. In a data set citation context, it can
tell when this data set was revised, for example, Data set A as illustrated in Figure B.2 was revised on
2004-08-12 and Data set B was revised on 2006-05-22. Finally, through integration, combination, and
reasoning with multiple information, users can derive additional information such as Data set B is more
recent than Data set A that is derived knnwlpdgp

/\

Knowl ed.g e Dataset B is more recent than Dataset A
Information Dataset B was revised on2006-05-22
f 0 atio Dataset A was revised om2004-08-12

/ semantics \ Date infarmidtion...
syntax xml

sgmd:CI_Date>
Data

Figure B.2 — Knowledge continuum

Web services also take advantage of the Semantic Web. More recently, Web services have| brought
a@lditional functionalities on the Web by intreducing distributed software resources conformirlg to Web
standards. However, these services, each providing specific functionalities, also need to be discovered
anhd their uses are often limited to groups of experts or a particular user community. The depcription
of Web services with ontologies (i:el semantic annotation) can facilitate their discovery, inyocation,
rteraction, and composition to efihance interoperability of Web services. Web services are inportant
copmponents of the Semantic Web since the Semantic Web is for data understandable and procefsable by
nlachines, which may also bé&sWeb services. Web services and Semantic Web are well harmonifed since
they both adhere to common/principles: URI, XML, and data.

—e

At least five elements-are needed to enable the Semantic Web:
— logical assertions;

— classification of concepts;

— formal models;

—r crules;

— trust.

First, the Semantic Web requires logical assertions to associate a subject to an object with a verb. For
example, the author of the map 44071-A1-TM-100 is the US Geological Survey. Second, classification of
concepts such as taxonomies and ontologies is required to define vocabularies. Third, formal models
are essential to define concepts, their properties, and relationships between concepts, which are
fundamental for reasoning. Fourth, rules are necessary for the derivation of conclusions by inference.
Fifth, trust is deemed necessary in order to provide access to Semantic Web resources only to trusted
agents. For instance, an agent can be asserted “trusted” from another via a digital signature.
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B.3.2 Ontology in Semantic Web

B.3.2.1

Introduction

Ontologyisafundamental notioninthe Semantic Web. An ontology defines the meaning of dataand describes
it in a format that machines and applications can read. As such, an application using data also has access
to their inherent semantics through the ontology associated with it. Ontologies can support integration of
heterogeneous data captured by different communities by relating them based on their semantic similarity,

although

it cannot solve it on their own. The notion of ontology is explained further in B.5.

Current )
— RDF
— RDF

— OWIL.

B.3.2.2

RDF is a1
found onl
Subject i
that bind
resource

To contir
be prese

< rdf:Des

< ex:isll

World Wide Web Consortium (W3C) technologies supporting the Semantic Web are:

RDF

the Web. Information is represented as a triple: Subject, Predicdte and Object (Figure B.3). T}
b the resource or the thing about which something is asserted! The Predicate is the relatig
s the Subject to the Object. The Object is either a literal value‘describing the Subject or anoth
referred to the Subject by the predicate.

Predicate

Predicate
1 Literal Value

Figure.B.3 — The Subject, Predicate and Object triple
ue our examplein Figure B.1, an RDF description of the location of the Colosseum in Rome m3
hted as follows:
criptionrdf:about = "#Colosseum” >

ocatedIn >

1 XML-based language that represents information about specific fesources or things that ar

1
n
T

Ly

< rdf:Description rdf:about = "#Rome”/ >

< /ex:isLocatedIn >

< /rdf:Description >

Where:

#Colosseum is a Web resource corresponding to the subject;

isLocatedlIn is the predicate;

#Rome i

20

s another Web resource corresponding to the object.
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Since the Semantic Web is based on URIs, any resource or thing would typically be identified by an URI.

B.3.2.3 RDF-S

RDF-S provides definitions of classes and properties that are required for the description of classes,
properties and other resources. Itisbased on RDF. These RDF resources support the creation of application
or user community specific RDF vocabularies and thus creating classes for specific data. Class instances
can then be defined in RDF. RDF-S introduces relations between classes and instances as property.

Figure B.4 illustrates an example using RDF-S language for the definition of the classes ISO19115,
CitationAndResponsibleParty,and Cl_AddresswhereCl_AddressisasubclassofCitationAndResponsibleParty.
The example also shows the definition of the property addressAdministrationArea that-is of [the type
&frdfs;Literal and is associated to CI_Address.

<?xml version='1l.0' encoding='UTF-8'?>
<!DOCTYPE rdf:RDF [
<!ENTITY rdf 'http://www.w3.0rg/1999/02/22-rdf-syntd&yris#'>
<!ENTITY rdf 'http://protege.stanford.edu/rdf'>
<!ENTITY rdfs 'http://www.w3.0rg/2000/01/rdf-schema#'>
1>
<rdf:RDF xmlns:rdf="&rdf;"
xmlns:rdf ="&rdf ;"
xmlns:rdfs="&rdfs; ">
<rdfs:Class rdf:about="&rdf ;CI Address"
rdfs:label="CI Address">
<rdfs:subClassOf rdf:resource="&rdf\/;CitationAndResponsibleParty"/
</rdfs:Class>
<rdfs:Class rdf:about="&rdf ;CitationAndResponsibleParty"
rdfs:label="CitationAndRespongibleParty">
<rdfs:subClassOf rdf:resourde="&rdf IS019115"/>
</rdfs:Class>
<rdfs:Class rdf:about="&rdf_;ISOl9115"
rdfs:1label="IS019115">
<rdfs:subClassOf rdffesource="&rdfs;Resource"/>
</rdfs:Class>
<rdf:Property rdf:about=M&rdf ;addressAdministrativeArea"
rdfs:label="addressAdministrativeArea">
<rdfs:domain tdf:resource="&rdf ;CI Address"/>
<rdfs:ramge rdf:resource="&rdfs;Literal"/>
</rdf:Property¥

Figure B.4 — An ISO 19115, RDF-S example

B|3.2.4 OWL

OWL is a fundamental piece of the Semantic Web It is based on RDF and RDF S. OWL allow}s a more
sses and
s E A s = dis based
on formal loglc whlch permlts loglcal reasonmg on the knowledge 1t supports There are a number of
profiles of OWL, each one introducing a different level of expressivity:

1) OWL1 Lite: leastlevel of expressivity, intended mainly for the description of classification hierarchy,
cardinality constraints are limited to 0 or 1, provides decidable functionalities and reasoning
capabilities, is considered a profile of OWL 2;

2) OWL1 DL: stands for description logic, provides maximum expressivity without the loss of decidable
functionalities and reasoning capabilities, adds knowledge representation to OWL-Lite thatimproves
reasoning, allows much flexibility on cardinality restrictions, is considered a profile of OWL 2;
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3) OWL 1 Full: allows maximum expressivity and the syntactic freedom of RDF. As such a class may be
either a collection of individuals or an individual in itself. However, it is undecidable and cannot be
used for reasoning;

4) OWL 2 EL: intended for ontologies of very large number of classes and properties, is a limited subset
of OWL 2 features, basic reasoning can be performed in time that is polynomial with respect to the
size of the ontology;

5) OWL 2 QL: intended for ontologies of very large amounts of instances of data and allows
conjunctive queries;

6) OWI
expr|
7) OWI
char
asse
8) OWI
Figures B.5 and B.6 show the correspondances between the different profile§ in terms of ontologies 3
well as i terms of languages.
«ontology» > «ontology» > «ontology»
OWL 1 Lite OWL 1 DL OWL 1 Full
«ontology»
OWL 2 EL
«ontology» o> «ontology» > «ontology»
OWL 2 RL OWL 2L OWL 2 Full
«ontology»
OWL 2 QL

Figu

2 RL: intended for applications requiring scalable reasoning without sacrificing much ef th
essive power (designed mainly for rule-based reasoning engines);

2 DL: extend OWL 1 DL with additional features such as type separation, disjoint classes, ro
acteristics, inverse roles, role chains, qualified cardinality restrictions, self construct, negatiy
Ftion, and XML schema datatypes;

2 Full: union of OWL 2 DL and RDF-S, has a similar role as OWL 1 Full.

Ire B.5 — Correspondences between ontologies complying to different OWL profiles
syntaticFragmentOf syntaticFragmentOf
«language» «language» «language»
OWL 1 Lite OWL 1 DL OWL 1 Full
[
syntaticFragmentOf syntaticFragmentOf
syntaticFragmentOf syntaticFragmentOf
«language» «language» «language»
OWL 2 EL OWIL 2 DI QWL 2 Full

S

le

LS

22

«language»

syntaticFragmentOf

|

OWL 2 QL

«language»

syntaticFragmentOf

OWL 2 RL

Figure B.6 — Correspondences between OWL language profiles
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Figure B.7 illustrates the same ISO 19115 example as in Figure B.4 using OWL for the definition of the

classes 1S019115, CitationAndResponsibleParty, and CI_Address.

<?xml version="1.0"?2>
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:rdfs="http://www.w3.0rg/2001/01/rdf-schema#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns="http://www.owl-ontologies.com/unnamed.owl#"
ml :base="http://www.owl-ontologies.com/unnamed.owl"
<owl:0Ontology rdf:about=""/>
<owl:Class rdf:ID="IS019115"/>
<owl:Class rdf:about="#CitationAndResponsibleParty">
<rdfs:subClassOf rdf:resource="#IS019115"/>
</owl:Class>
<owl:Class rdf:ID="CI Address">
<rdfs:subClassOf>
<owl:Class rdf:ID="CitationAndResponsibleParty"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:about="#CitationAndResponsibleParty">
<rdfs:subClassOf rdf:resource="#IS019115"/>
</owl:Class>
<owl:DatatypeProperty rdf:ID="addressAdministrativeArea">
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
<rdfs:domain>
<owl:Class>
<owl:unionOf rdf:parseType="Colleetion">
<rdf:Description rdf:about="bttp://www.w3.0rg/2002/07/owl#Thing"/
<owl:Class rdf:about="#CI "Address"/>
<owl:unionOf>
<owl:Class>
</rdfs:domain>
</owl:DatatypeProperty>

Figure B.7 — An ISO 19115 OWL example

Bl3.3 Description logics

Dscription logics referto knowledge representation formalisms used for the definition of the ki
of an application domain. It can be used for defining the concepts in a domain as well as the pi
of objects and_individuals of that domain. Description logics set the philosophical and math
fqundations fotthe knowledge representation. There are various description logics that h
defined: ALLS SHOIN(D), SROIQ(D). Some of them includes and extends on others; this is the]
SHOIN(®)which includes and extends ALL. Description logics are useful because they are a gq
off fot expressivity and scalability. They are also typically decidable and reasoning from it is p
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on the Web (e.g. Description_Logics [31]) and text books (e.g. The Description Logic Handbook [1]).

The main purpose is to mention that description logics is the foundation for most of the OWL
expressivity (Table B.1).
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Table B.1 — Correspondence between OWL levels of expressivity and description logics

Profile OWL OWL 2

Full is not is not

DL SHOIN(D) SROIQ(D)

Lite SHIF(D) SHIF(D)

EL n/a EL++

QL n/a DL-Lite

RL n/a DLP
B.3.4 Linked Data
Linked Ipata are an approach that aims at contributing to the development of the Wéb of data. 4s
opposed|to developing data in silos and duplicating data of various topics for their integration, Linkgd
Data are|oriented towards connecting data of different sources, subjects, and repesitories via the Wep.
As aresylt, this eliminates duplication of data and, when data that are linked to/6thers are updated, the
updates pre then available to all at the same time. Linked Data are a large scalejintegration of data over
the Web [that allows reasoning and making inferences taking into considefation multiple aspects. As|a

consequg

means that data shall follow a common model and format, i.e. RDF./Additionally, to understand what

data med
machine

Linked O
describe
infrastry
concept
abstract
accessed
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The fornpat shall be RDF, and SPARQL queéry-services shall also return the data in RDF. The providgd

informat
fourth p

something just by following the connections.

Overall,
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bnce, Linked Data implies publishing data on the Web in a way that'it is machine-readable. Thijis

n and to reason with it, it is essential that the meaning of data are explicitly defined as well gs
readable. This is possible by way of ontology and languages such as OWL.

ata are achieved through the use of the principles and the technologies of the Semantic Wgb
d previously. Essentially, it consists of a set of principles and technologies connected to the W¢b
cture for the sharing and reuse of data over the Web. There are four principles underlying the
bf “Linked Data” [2]. The first principle requires using URI to identify real world objects and
concepts. The second principle prescribesithe use of http:// URI so that data elements can he
by dereferencing the URI over the http protocol. As a result, objects and abstract concepts
Veb resources. The third principle says that information shall be supplied against a given URL.

ion is typically associated to ontelogies (e.g. OWL) through URI to describe its meaning. The
Finciple asks for including URIS to external resources so that one can discover more abofit

Linked Data defines @ methodology to interlink data through Web mechanisms and to publigh
r the Web. Howevér; links between data are created and maintained by data developers.

le Geospatial Semantic Web

ose ofthe'Geospatial Semantic Web [10] [13] is to push the development of the Semantic Web |n
enhance the interoperability of geographic information on the Web. It also enables automatgd
peinference, which significantly increases the amount of geographic information. Additionally,

the Geos

patrat Sermarntic Webmay attow the imteroperabitity of informmatiomacross attdatasources omthe

Web by relating geographic and non-geographic information and providing more interaction between
the different data sources on the Web. As documented in [10] [13] [30], challenges identified relating to
the Geospatial Semantic Web are:

— onto

logies of spatial concepts used across disciplines;

— geospatial-relations ontology;
— geospatial feature ontology;
— place names ontology;

— ontology for metadata;
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