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ABSTRACT

In the context of a Spatial Data Infrastructure ontologies are used to denote a formally
represented knowledge that is mainly used to improve data sharing and information retrieval. This
work describes a web service called Web Ontology Service, based on the OGC Web Service
Architecture specification, whose purpose is to facilitate the management and use of ontologies in
a Spatial Data Infrastructure. Focusing on the objective of enhancing the classification of resources
and the ulterior information retrieval, this work analyzes the potential benefits that this proposed
service may provide to the main components that form part of a Spatial Data Infrastructure.
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INTRODUCTION

The term ontology is used in information systems and knowledge representation to denote a
knowledge model, which represents a particular domain of interest. A body of formally
represented knowledge is based on a conceptualization: the objects, concepts, and other entities
that are assumed to exist in some area of interest and the relationships that hold among them. And
an ontology provides "an explicit formal specification of a shared conceptualization" [Gruber,
1992], i.e. it facilitates a formal notation interpretable by machines that enables a shared and
common understanding of a domain.

As far as Geographic Information (GI) and Spatial Data Infrastructures (SDI) are concerned,
the research community' is aware of the potential benefits of using ontologies as a knowledge
representation mechanism. For instance, [Nogueras-Iso et al, 2005] identifies three main areas for
the application of ontologies in an SDI. First of all, they can be used for data sharing and systems
development. Ontologies help to define the meaning of features contained in geo-spatial data and
they can provide a "common basis" for semantic mapping, e.g. to find the similarity between two
features that represent the same object but have been defined using different languages. In the
same direction, ISO/TC211 proposed the standardization item 19126 [ISO, 2004] to create a data
dictionary defining the features and attributes that may be of use to the wider international
community. Other works like [Fonseca et al, 2000] even propose the creation of software
components from diverse ontologies as a way to share knowledge and data. As a second
application area, ontologies facilitate the classification of resources and information retrieval.
Metadata (“data about data”) describe unambiguously information resources to enhance
information retrieval, but this improvement depends greatly on the quality of metadata content.

! See research groups at the Geosemantics Interest Group (http.//www.geosemantics.org)
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One way to enforce the quality of these metadata is the use of a selected terminology for some
metadata fields in the form of lexical ontologies, allowing not only to describe the contents but
also to reason about them. And thirdly, ontologies also enable the management of metadata
schemas. The structure of metadata schemas can be considered as ontologies, where metadata
records are instances of these ontologies. These ontologies may be used to profile the metadata
needs of a specific geospatial resource and its relationships with the metadata of other related
geospatial resources; or to provide interoperability across metadata schemas where transformations
of metadata between two different standards could be resolved by systems that observe the
commonalities of the two ontologies and automatically detect the metadata element mappings.

Focusing on the abovementioned second area for the application of ontologies (classification
of resources and information retrieval), national and international organizations have defined
standards [ISO, 2003a; ISO, 2003b; ISO, 2005; FGDC, 1998] that establish the structure of
descriptions (metadata) for geographic information, services or locations in a gazetteer. In this
context, terms of controlled vocabularies (controlled lists, taxonomies, thesauri) are frequently
recommended to harmonize the data and metadata of an SDI and improve the quality of query
results (queries on homogeneous sets of descriptions produce better quality results than queries on
heterogeneous sets that followed different cataloguing criteria). However, despite the advantages
derived from the use of a controlled vocabulary, certain problems of the ambiguity inherent to the
language persist. This ambiguity is mainly caused by the different semantic relations between the
concepts of a language such as polysemy, homonymy, meronymy, hypernymy or hyponymy.
These semantic relations are especially problematic when SDI users try to search data from several
sources (and different cataloguing criteria) and their queries do not contain the same terms as the
ones used in metadata, queries may be even expressed in a different language from the one used
for metadata. Therefore, it becomes crucial to count on lexical ontologies that are able to deal with
this ambiguity problems and inter-relate distinct controlled vocabularies.

Traditionally, the first approach in the information community to manage lexical ontologies
has been to create different ad-hoc web services that provide their users with the access to a
particular ontology. Some examples of this kind of service are the General Multilingual
Environmental Thesaurus (GEMET, http://www.eionet.eu.int/GEMET), the FAO Agriculture
Vocabulary (AGROVOC, http://www.fao.org/agrovoc/) or the Alexandria Digital Library Feature
Type Thesaurus (http://www.alexandria.ucsb.edu/gazetteer/FeatureTypes/ver070302/).  The
Canadian Geospatial Data Infrastructure project (http://www.geoconnections.org/) advanced in 1999
that an SDI would need a centralised ontology service with the objective of providing a
mechanism to maintain thesauri of terms when the number of ontologies to manage would
increase. In 2004 they published a prototype of a web service, the Multilingual Geospatial
Ontology (M3GO), with some limitation in the relations that it could manage and the ways to
identify the ontologies. Another example in the modelling of ontologies and the specification of
services is the Simple Organization of Knowledge System (SKOS) project [Miles and Brikley,
2005] that forms part of the W3C Semantic Web Activity. This project has proposed a model to
represent lexical ontologies in RDF and has published a prototype of a web service to provide
access to their ontologies, whose interface enables basically the retrieval of terms and some types
of relations among these terms. This prototype service could be also considered as a centralised
service but it does not exploit yet the use of the ontology metadata descriptions proposed in the
SKOS model. In summary, although it has been identified that the use of a centralised service is an
advance to facilitate the access and management of ontologies in complex information
infrastructures, the lack of standardisation in access interfaces and exchange formats has limited its
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benefits. SKOS intends to unify the interchange format for lexical ontologies but for the ontology
service there is no consensus for his interface and functionality. Besides, one of the main
drawbacks of current interfaces is that they not provide proper discovery services for ontologies.
Although it could be interesting to discover the more appropriate ontology for a specific
geographic area or application domain, the present functionality only facilitates the access to an
ontology by means of an agreed name.

The objective of this work is to propose and the describe the architecture of new centralized
ontology service, called Web Ontology Service (WOS), which enables the uniform management of
ontologies (including discovery services) and gives ontology-based support for the components of
an SDI. One of the main features of this service is its full integration with the rest of components
of a typical SDI, following and extending the standard interfaces used in the geospatial
community. The rest of this paper is structured as follows. Next section describes the architecture
of WOS and its integration within OGC Web Service Architecture [Lieberman, 2003]. Then, the
potential uses of WOS in an SDI are presented. WOS has been initially designed to improve the
classification of resources and improve the information retrieval, but with the objective to expand
it to the two other described uses in a next step. Finally, this work ends with a conclusions and
future lines section.

ARCHITECTURE OF WOS

The Open Geospatial Consortium (OGC) is a non-profit, international, voluntary consensus
standards organization that is leading the development of standards for geospatial and location
based services. [Whiteside, 2005] specifies the Application Programming Interface (API) that each
OGC Web service of an SDI should conform to. In this architecture, every component that forms
part of an SDI inherits from a general service whose unique operation is getCapabilities. This
operation provides a description of the service, its operations, parameters and data types. It is used
for the clients to identify if a service provides the needed functionality and how to access to it.
Although, OGC has developed numerous specifications for SDI web services, they have not
created yet a specification for a service used to manage ontologies. To fulfil this gap, our WOS
component has been designed as a component in compliance with the general architecture of OGC
with the objective of integrating it with the rest of the OGC services in an SDI.
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Figure 1 shows the architecture of WOS. It is composed of three layers: the repository layer
which stores the information of the service, the ontology concepts, their metadata and the concept
core used for disambiguation; the application layer which provides access to the concepts of the
ontologies, their metadata and is able to disambiguate terms to allow conceptual search; and the
service layer that provides access interfaces to the clients.

In the repository layer, we have selected SKOS model for the storage and exchange of
ontologies. SKOS is a RDF based model that has been created specifically to manage lexical
ontologies for the W3C Semantic Web project. In WOS, the access to the RDF documents storing
ontologies is provided in the application layer by Jena (http://jena.sourceforge.net/). Jena is a
library that allows the manipulation of RDF documents; it can store the RDFs in text files or in a
relational database. One important advantage of using Jena is that it provides an open model that
can be extended with specialised modules to access to other ways of storage, as the Jena-Sesame

adapter (http://sjadapter.sourceforge.net/) that provides access to Sesame
(http://www.openrdf.org/) databases.

Element name Element Description

TITLE A name given to the ontology

ALTERNATIVE | Refinement of title. Any form of the title used as a substitute or alternative (acronym) to

TITLE the formal title of the ontology

SUBJECT The topic of the content of the ontology.

CREATOR A class of entity may be determined by the creator or the publisher or by a third party.

PUBLISHER Name of the entity that publishes the ontology.

CONTRIBUTOR | An entity responsible for making contributions to the content of the ontology.

DESCRIPTION | An account of the content of the ontology.

DATE A date associated with an event in the life cycle of the resource, in our system it will
contain the publication date of the ontology

TYPE Used to recognize the type of resource of the associated ontology. In WOS metadata it
contains the term ONTOLOGY

FORMAT Formats in witch is available the ontology for interchange. In our system it will contain
SKOS

IDENTIFIER An unambiguous reference to the ontology within our system

SOURCE A reference to a resource from which the present ontology is derived. The reference is a
unique identifier of the source resource

LANGUAGE The languages in which the labels of the ontology are. It uses values of the two-letter
code of ISO639

RELATION This element contains the metadata identifiers value of ontologies with similar thematic

COVERAGE If the ontology terms refer to geographic places, this element will contain the area
covered. It will contain a place name obtained from an ontology of places

RIGHTS Information about rights held in and over the resource (for access and use)

METADATA The language of the metadata describing the ontology. It uses values of ISO639.

LANGUAGE

METADATA The unique identifier that identifies the metadata of the ontology. It is needed for the

IDENTIFIER search system to distinguish between the different metadata it contains.

Table 1: Dublin Core application profile for the description of ontologies

Another important aspect in the repository layer is the description of ontologies. WOS

considers metadata of ontologies as fundamental information to be facilitated to the clients. These
metadata are stored, in the WOS architecture, in the metadata repository and managed by the
metadata manager. The reason for this metadata-driven interface is that centralising the storage of
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ontologies in our system is not enough to exploit them as full as possible. Ontologies must be
described and classified to facilitate the selection of the ontology that fits better the user needs,
allowing searches not only by the agreed name given to the ontology but also by the application
domain or the associated geographical area. For that purpose, a metadata profile based on Dublin
Core [ISO, 2003b] has been created. The reason to use Dublin Core as basis of this profile has
been because of its extensive use in the metadata community. It provides a simple way to describe
a resource using very general metadata terms, and additionally, it is easy to extend, providing a
way to define different application profiles for different kind of resources. Table 1 shows the
definition and domains of the elements in this application profile, which as a special feature adds
two new elements (metadata language and metadata identifier) to identify appropriately the
metadata records describing the ontologies. The purpose of the metadata is not only to provide a
human user with information to identify the nature of the ontologies, they can also be used in
machine-to-machine communication to perform complex searches to identify ontologies useful for
a specific task, as ontologies that cover a restricted geographical area or with a restricted thematic.

Apart from the metadata manager and the Jena API, a novel feature of the application layer of
WOS is the integration of a disambiguation tool that enables the interrelation of ontologies with
respect to an upper-level ontology, the concept core displayed in Figure 1. This disambiguation
method is based on the method presented in [Nogueras-Iso et al, 2005], an unsupervised
disambiguation method that uses the hierarchical structure of ontologies as the disambiguation
context and applies a heuristic voting algorithm to decide the most adequate sense from the
WordNet upper-level ontology [Miller, 1990]. This method is integrated in the WOS architecture
to centralise the disambiguation functionality of lexical ontologies and with the objective to extend
it for disambiguation of ontology terms in multiple languages, using a multilingual upper-level
ontology (e.g., EuroWordnet [Vossen, 1998]).

HTTP_WOS_Interface

WcreateOntology (ontMetadata : Array)

S deleteOntology(ontName : String)

SimportOntology (ontContent : String, ontMetadata : Array)

SexportOntology (ontURI : String) : String

WgetCapabilities(request : OWSGetCapabilities) : OWSSeniceMetadata
WgetOntologyMetadata(ontURI : String) : Array

WsetOntologyMetadata(ontURI : String, ontMetadata : Array)
WgetRelatedConcepts(ontURI : String, conceptURI : String, relation : String) : Vector
query(ontURI : String, queryType : String, queryText : String) : ThResponse

Figure 2: WOS API

The API of WOS displayed in Figure 2 has been designed using as basis the ADL Thesaurus
protocol [Janée et al, 2003] but it has been extended to give support for several ontologies in
multiple languages and to provide compliance with the OGC Web Service Architecture (WSA).
The compliance with the OGC WSA is addressed by implementing the getCapabilities method
that provides the description of the service and its content and whose structure is described in
detail in [Whiteside, 2005]. The rest of methods of the API can be classifies in two categories:
query and administration. With respect to the query category methods, the gquery and
getRelatedConcepts methods allow the client navigating by the relations between concepts and
searching concepts by label in different languages. The guery method uses the disambiguation tool
of the architecture to expand the results returned providing equivalent terms from the same or
different ontologies. As regards the administration category methods, they allow creating a new
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ontology given its metadata, modifying its metadata, deleting it, and importing or exporting it in
SKOS format. Update methods for concepts and relations have not been included in this server
interface because the intention of WOS service is to consider each ontology as a whole, managing
their changes as different versions of the whole ontology.

USES OF WOS IN AN SDI

The WOS provides users with an enhanced vocabulary related with the theme the user is
interested in. The objective is not only to provide the terms in different languages but also their
definitions, synonyms, and narrower-broader or related terms from the same or other ontology. A
more advanced functionality of the service would be to provide not only simple concepts from a
lexical ontology but also complex ones, e.g. spatial reference systems with their parameters about
datum, ellipsoid and projection or entities that describe an organization. These complex elements
can be very useful to simplify the creation of the content and to provide the user with a detailed
description about the element that is using as parameter of a service request.

However, the availability of ontology and terminology alone is not enough. Thus, this section
describes how the functionality provided by WOS can be integrated with the rest of components of
an SDI and contribute for an improved use of these components. Next subsections describe these
benefits in three main categories: facilitate content harmonization, facilitate the construction of
service requests, and facilitate the harmonization of content.

Facilitate content creation

The creation of the content of the services of an SDI is a long-term, high-cost process that
increases with the number of resources to manage. Therefore, for large systems, it is important to
facilitate as much as possible the content creation, providing tools that can help to reduce the time
consumed by this task. Moreover, given that human typing errors in the metadata creation can
imply not finding a resource using a search system, the control of content quality is even more
important. Being homogeneous in the selection of the terms used to describe a resource is another
important issue. If two resources have the same characteristics, they should be described with the
same terms. Otherwise, if the resources have not been homogeneously described, a query system
will only return a subset of the records that it should return. The use of controlled vocabulary for
the most relevant elements of metadata can help to reduce the time of creation, the number and
impact of human errors and increase the homogeneity. To reuse these vocabularies in different
services is essential to manage them uniformly. WOS stores the lexical ontologies used in the SDI
and provides the rest of services with the tools to create their contents. Given that each ontology
not only contains isolated terms but provide translations to different languages, textual definitions
and relations as synonyms, broader, narrower, related terms and similar concepts form other
ontologies, WOS supplies content creators with the necessary information not only to avoid typing
mistakes but also to help in the selection of the most adequate term to describe a resource. The
lexical ontologies served by WOS also help to improve homogeneity in resource descriptions
providing, when there are alternatives, the preferred terms to use and restricting in that way the
number of terms used to describe the resources and facilitating their posterior location in a query
system.
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The uses of WOS for content creation in an SDI are multiple. First, every service in an OGC
infrastructure has to implement the method getCapabilities whose structure is described in
[Whiteside, 2005]. Such method provides a description of the service, its methods and parameters,
and gives to the client the knowledge needed to access the service content. The returned object is
an instance of the abstract ServiceMetadata class, allowing in that way that each service can
expand the information returned to fulfil their own needs but maintaining a common core. This
model contains some elements that have been derived from other standards such as ISO19115
[1SO, 2003a] or GML [Cox et al, 2003]. To create these descriptions, WOS can provide values (in
the required language) for some of the elements such as the keywords describing the service, the
possible data types for the parameters of the operations, or even the values for the ServiceContact
section, which indicates who is the responsible of the service and whose values could be taken
from an ontology of entities. Secondly, the OGC catalogue service specification [Nebert and
Whiteside, 2004] recommends the use of ISO19119 [ISO, 2005] for the description of services and
ISO19115 [ISO, 2003a] for geographic information, but other models like CSDGM [FGDC, 1998]
or Dublin Core [ISO, 2003b] can be used too. All these standards define a big number of metadata
elements, and many of them must or may contain terms from a controlled vocabulary. Some
examples in ISO19115 would be the descriptive keywords, the topic category, the distribution
format, the spatial representation type, the reference system or the different citations to related
sources. As already mentioned, values for these elements can be facilitated by WOS to the
metadata edition tool, reducing in that way the cost of the metadata creation and improving its
quality and homogeneity. Thirdly, [Atkinson and Fitzke, 2002] indicates that the model that should
follow the content of a Gazetteer is the ISO19112 [ISO, 2003c] standard. This model also contains
some elements whose values can be provided by WOS, e.g. the coordinate system or the location
type. And finally, [Vretanos, 2005] indicates that content of Web Feature Service (WFS) or its
variants (e.g., Geocoder [Margoulies, 2001]) should follow the GML model. This model contains
terms as the location keywords or some of the metadata describing each feature terms that can be
provided by WOS.

Facilitate service requests

In many situations, human users who have to access a service find that they do not have a
clear understanding about which values they should introduce in a query system or which term
they should select from a controlled list. In order to facilitate the access to the services of an SDI,
the WOS can provide two types of functionality.

First of all, it can provide selected terminology for the construction of queries in a search
service, i.e. providing additional information about the concepts, such as definitions, synonyms or
related terms that facilitate the establishment of restrictions on the characteristics (metadata
descriptors) of the desired resources. For instance, in a thematic portal about environment the
possible keywords that the user should introduce to obtain results are restricted to environmental
related terms. This information can be shown in the form of a thesaurus or a code-list, and then,
the user can browse the relations of the ontology and select the appropriate term. Given that the
ontologies stored in WOS can be multilingual, this system provides a general way for locating
resources to persons from different countries, being especially useful for international systems.

The second related functionality that WOS can give to the clients is to provide values and/or
descriptions of the parameters used to invoke the services of an SDI. Every service in the OGC
architecture implements the method getCapabilities that returns a description of the service, its
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operations and parameters. But it does not give information of the meaning of each one. For
example, when one makes a query to an OGC Catalogue Service, one of the parameters to include
is the format in which the results will be returned. The formats supported can be obtained thanks to
the getCapabilities method, but that information may be not enough for the user. If the possible
values are XML or HTML, some inexperienced users might not be aware of the characteristics of
each format, not knowing which of them to select. Here, given that WOS can contain an ontology
of formats, it can give to the clients the complete name of all the possible formats (instead of their
acronyms) and their description, thus facilitating the user the task to decide which one to use. In
the same way, it is easy to find other examples of this kind of applicability of WOS functionality.
For instance, as regards the OGC catalogue service specification, the values of other parameters of
the query operation (e.g., resource type or result type) or the describeRecord operation (e.g., type
name and schema language) can be described by the WOS. And this is not the only service
specification. In the getFeaturelnfo operation of the Web Map Service (WMS) [Beaujardiere,
2004] parameters like coordinate reference systems or return format require a complex encoding
of possible values. Additionally, other services of an SDI such as the Web Coverage Service
(WCS) [Evans, 2003], the Gazetteer or the WFS also contain parameters in their methods whose
possible values could be described with the appropriate ontologies served by the WOS.

Facilitate content harmonization

Despite recommending the use of selected terminology to harmonize data and descriptions,
content creators from different organizations and application domains will apply their own criteria
for the classification of resources, thus generating very diverse terminology, even for the
description of similar resources. Moreover, typical users of catalogue services making free text
searches will not probably use the same terms as the ones used by creators. All these issues
produce an increase of heterogeneity that can affect the performance of information retrieval
systems producing low quality results (only a subset of the relevant resources return). In order to
reduce this problem, WOS provides a disambiguation tool as a way to harmonize content. This
tool uses a concept-based language independent common core (the synset concepts of WordNet
[Miller, 1990]) to disambiguate and interrelate the terms of the different ontologies, or even to

disambiguate the terms used in user queries.
Keywords
(]
[

This disambiguation technique facilitates the creation of cross-language concept-based
retrieval system where both user queries and service content are indexed using a language-
independent concept core. That is to say, as depicted in Figure 3, this type of system, described in
[Nogueras-Iso et al, 2004], would be able to match the query terms with the semantically
equivalent terms in the queried service (e.g., a catalogue or a gazetteer). With this kind of system it
is possible to reduce or even eliminate the ambiguity problems caused by semantic relations such

Service
content

Figure 3: Disambiguation model
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as polysemy, homonymy, meronymy, hypernymy or hyponymy. As stated before, the content
accessed by the SDI services can be quite heterogeneous. Not only the metadata terms used in a
catalogue but also the location types managed by a Gazetteer or a Geocoder may introduce some
degree of ambiguity, which may be caused, for instance, by synonym terms (e.g., hospitals, clinics
or health centres). Furthermore, the performance of the implementation of other SDI services like
Geoparsers [Lansing, 2001] depends absolutely in the ability to disambiguate the context to
geoparse and detect the surrounding words that identify a location name (e.g., city-village or river-
brook). In summary, this disambiguation functionality of the WOS can facilitate the
implementation of other SDI services in order to enhance their query recall (retrieval of relevant
content items) and liability.

CONCLUSIONS

This work has presented a Web Ontology Service compliant with the OGC Web Service
Architecture specification and whose purpose is to facilitate the management and use of ontologies
in a Spatial Data Infrastructure. Designed as a centralized service the architecture of this service
aims at reducing the cost of creation of a new ontology, facilitating reusability and avoiding
duplicities and inconsistencies. In addition, focusing on the objective of the classification of
resources and the improvement information retrieval, this work has analyzed the potential benefits
that this service may provide to the main components that form part of a Spatial Data
Infrastructure. First of all, the Web Ontology Service can be used to facilitate the creation of
multilingual content as it gives access to the concepts of the ontologies, properties, definitions and
relations between concepts and other ontologies. Secondly, WOS can also facilitate the
construction of service requests since it provides a restricted vocabulary to establish query
restrictions for a search system. Additionally, it may give information about the possible values of
the parameters to invoke the different SDI services, facilitating this way the labour of
understanding which values should be used. And thirdly, WOS can facilitate content
harmonization by interrelating ontologies and user query terms with respect to a common and
language-independent concept core.

As a continuation of this work, it is planned to submit the specification of this Web Ontology
Service as a new OGC Web Service specification that could be integrated in the future with the
rest of Web Service specifications already issued by the Open Geospatial Consortium, which at
least will provide the required feedback to improve, if necessary, the functionality offered by this
service. Additionally, it is expected to explore new possibilities for the applicability of the WOS in
the areas of data sharing and reuse, and on the area of metadata schema representation.
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The term ontology is used in information systems and knowledge representation to denote a
knowledge model, which represents a particular domain of interest. A body of formally
represented knowledge is based on a conceptualization: the objects, concepts, and other entities
that are assumed to exist in some area of interest and the relationships that hold among them.
And an ontology provides "a explicit formal specification of a shared conceptualization"
[Gruber, 1992], i.e. it facilitates a formal notation interpretable by machines that enables a
shared and common understanding of a domain.

As far as Geographic Information (GI) and Spatial Data Infrastructures (SDI) are concerned,
this research community' is also aware of the potential benefits of using ontologies as a
knowledge representation mechanism, which facilitates knowledge sharing and reuse in
interoperable environments. First of all, they are used for data sharing and systems
development. Ontologies help to define the meaning of features contained in geo-spatial data
and they can provide a "common basis" (as the model proposed in [ISO, 2004]), for semantic
mapping (e.g. to find the similarity between two features that represent the same object but have
been defined using different languages). Some works [Fonseca, 2000] even propose the creation
of software components from diverse ontologies as a way to share knowledge and data.
Secondly, they facilitate the classification of resources and information retrieval. Metadata
(“data about data”) enhance information retrieval because they intend to describe
unambiguously information resources. But this improvement depends greatly on the quality of
metadata content. One way to enforce the quality of metadata is the use of a selected
terminology for some metadata fields in the form of lexical ontologies, allowing not only to
describe the contents but also to reason about them. And thirdly, ontologies also enable the
management of metadata schemas. The structure of metadata schemas can be considered as
ontologies, where metadata records are the instances of those ontologies. Then, ontologies may
be used to profile the metadata needs of a specific geospatial resource and its relationships with
the metadata of other related geospatial resources; or to provide interoperability across metadata
schemas where transformations of metadata between two different standards could be resolved
by systems that observe the commonalities of the two ontologies and automatically detect the
metadata element mappings.

Given the importance of ontologies in the SDI context, this paper proposes the inclusion in an
SDI of a specific component called Web Ontology Service (WOS), which enables the
management of ontologies and gives ontology-based support for the rest of components of an
SDI. In particular, this WOS component has been especially designed to facilitate the second of
the above mentioned uses of ontologies, i.e. the classification of resources and information
retrieval.

National and international organizations have defined standards that establish the structure of
data descriptions (metadata) [[SO, 2003a; ISO, 2003b; FGDC, 1998]. Those descriptions are not

! See research groups at the Geosemantics Interest Group (http.-//www.geosemantics.org)
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only used to describe geographical information, but also to describe other elements that
integrate the SDI such as services or locations in a gazetteer. In this context, terms from a
controlled vocabulary (controlled lists, taxonomies, thesaurus) are frequently used to harmonize
the data and metadata of a SDI, because queries on homogeneous sets of descriptions produce
better quality results than queries on heterogeneous sets in which each record has been classified
following different criteria. However, despite the advantages derived from the use of a
controlled vocabulary, certain problems of the ambiguity inherent to the language persist. This
ambiguity is mainly caused by the different semantic relations between the concepts of a
language such as polysemy, homonymy, meronymy, hypernym or hyponymy. These semantic
relations are especially problematic when SDI users try to search data from several sources (and
different cataloguing criteria) and their queries do not contain the same terms as the ones used in
metadata, queries may be even expressed in a different language from the one used for
metadata. Therefore, it becomes crucial to count on lexical ontologies that are able to deal with
this ambiguity problems and inter-relate distinct controlled vocabularies. The objective of WOS
will be to manage in an appropriate way these lexical ontologies that improve the quality of
metadata. It is essential to compile the knowledge and the experience of their creators and to
manage them uniformly, reusing and improving them when necessary.

The WOS component has been designed as a component in compliance with the general
architecture of the Open Geospatial Consortium (OGC). [Vretanos, 2003] specifies the
Application Programming Interface (API) that each OGC Web service should conform to. Thus,
as the WOS component complies with this API, it can be easily integrated with the rest of OGC
web services. Figure 1 shows the architecture of WOS, which is composed of three layers: the
service layer that provides the access to the clients; the application layer which provides access
to the concepts of the ontologies, their metadata and it provides utilities of disambiguation to
allow semantic search; and the repository layer which stores the information of the service.

s | OWS Client |
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Q

Q

c

) | OWS Server Interface |
A A

5 y

® Disambiguation

- tool

c

K]

§ v \ 4 y

o Metadata Concept

< Manager Manager
A A

Metadata Concept
Repository Repository

Repository
Layer

Figure 1: WOS Architecture

The API of WOS is displayed in Figure 2. It must be remarked that metadata plays an important
role in this API and it is used as input parameters for most of the methods. The reason for this
metadata-driven interface is that simply storing the ontologies in our system is not enough to
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allow its use in a proper way. Quite the opposite, ontologies must be described and classified in
different languages to facilitate the selection of the ontology that fits better with the user needs.
A Dublin Core metadata profile has been created used for this purpose. The methods offered
within this API can be classified in the following categories:

Queries. First of all, the compliance with the OGC Web Services Architecture is addressed by
implementing the getCapabilities method, provides the description of the service and its content.
And secondly, the query methods allow the client navigating by the relations between concepts,
searching concepts by label in different languages and using the disambiguation tool [Nogueras,
2004] to expand the results returned.

Administration. On one hand, the API provides methods for Ontology administration. It is
possible to create a new ontology given its metadata in multiple languages, delete an ontology,
modify the metadata describing an specific ontology, and exchange ontologies using the SKOS
format [Miles, 2005]. And on the other hand, there are also methods for administration of
concepts. It is possible to create, update and delete concepts, attributes and relations between
concepts.

HTTP_WOS_Interface

WcreateOntology (ontMetadata : Array)

FdeleteOntology(ontName : String)

SimportOntology(ontContent : String, ontMetadata : Array)

FexportOntology(ontURI : String) : String

WgetCapabilities(request : OWSGetCapabilities) : OWSSeniceMetadata
FgetOntologyMetadata(ontURI : String) : Array

SsetOntologyMetadata(ontURI : String, ontMetadata : Array)
WgetRelatedConcepts(ontURI : String, conceptURI : String, relation : String) : Vector
Squery(ontURI : String, queryType : String, queryText : String) : ThResponse

Figure 2: WOS API

Finally, it is worth mentioning the benefits the use of WOS will provide to rest of services of an
SDI. The main areas where WOS will facilitate added-value functionality are the following:
Service description creation: Every OGC service has to implement the method getCapabilites,
which provides a description of the service. To create this descriptions the WOS can provide
concepts to use in the metadata in different languages from certain ontologies, related concepts
as synonyms or narrower concepts, textual definitions to help the cataloguer to decide between
similar concepts, and also it can suggest concepts from others ontologies.

Content creation: Services as geographic metadata catalogue, service catalogue [Nebert, 2004],
gazetteer [Atkinson, 2001] or geocoder [Margoulies, 2001] store, between other elements,
geographic data descriptions, services... The WOS can provide terms, relation and definitions in
a similar way as in service description creation. It can also provide help to the data creator to
describe the features in web map server [Beaujardiere, 2004], the feature description in a web
feature service [Vretanos, 2002] or the coverages in a Web Coverage Service [Evans, 2003].
Query results improvement: The WOS can be used as the disambiguation base of a conceptual
retrieval system for the metadata contained in the geographic metadata catalogue, service
catalogue, gazetteer or geocoder. The advantage of using a conceptual retrieval system is that
the user can use his own terms to define his query and the system, using the existent ontologies,
is able to match this query with the metadata in the catalogue, although the terms were different.
Other OGC services which could use the WOS in this same way would be the geoparser
[Lansing, 2001] to disambiguate the context (e.g. city-village, river-brook) of the analyzed
geographic terms, with the objective to identify with a higher liability the place which is being
referred in the stored document, or the goeolocator in which the types of the stored elements can
be named in different ways (hospitals, clinics, health centres...).
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Content homogenization: The WOS can provide to the service catalogue the ability to
eliminate inconsistencies between the descriptions stored in this service about the rest of the
components of the SDI and the descriptions returned by the getCapabilities methods of those
services.
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