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1. Introduction 

Geographical information (GI) or geoinformation describes phenomena 

associated directly or indirectly with a location (coordinates systems, ad-

dress systems…) with respect to the Earth‘s surface. Such phenomena can 

be either spatially discrete (represented by geometric primitives like 

points, lines, regions, etc.) such as a municipality, a road axis, etc. or spa-

tially continuous (represented by interpolation on an image grid for exam-

ple) such as terrain‘s elevation, pollution diffusion, etc. GI is created by 
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manipulating geographic data (or geospatial data) in a computerized sys-

tem. Geospatial data can be acquired by different means; topographic sur-

vey, remote sensing, aerial photographs, GPS, laserscan, and all other 

types of sensors or survey techniques. Traditionally, these data are the core 

component of Geographic Information Systems (GIS), which is the term 

commonly used to refer to the software packages that allow to capture, 

store, check, integrate, manipulate, analyze and display them. 

 

Geographic information is therefore used in a wide variety of domains; 

indeed, in any application dealing with spatial or geographical frame of 

reference. Typical applications are land registration, hydrology, cadastre, 

land evaluation, planning or environmental observation. The link between 

urbanism applications and GI domain is obvious as most of information 

treated in urban applications is indeed GI (maps or spatial databases in-

cluding information about buildings, networks, terrain, etc.). Therefore, it 

is reasonable to depict the use of ontologies in the GI sector in the frame-

work of the Towntology project. 

 

The potential of GI as an instrument to facilitate decision-making and 

resource management in diverse areas (e.g., natural resources, facilities, 

cadastre or agriculture, urban planning) of government or private sectors 

has led to the evolution of GIS into the broader concept of Spatial Data In-

frastructure (SDI). According to the Global Spatial Data Infrastructure As-

sociation Cookbook (Nebert 2004), ‗‗the term Spatial Data Infrastructure 

is often used to denote the relevant base collection of technologies, poli-

cies and institutional arrangements that facilitate the availability of and ac-

cess to spatial data‘‘. The European Committee for Standardization (CEN) 

defines the SDI concept as a platform-neutral and implementation neutral 

technological infrastructure for geospatial data and services, based upon 

non-proprietary standards and specifications (CEN 2006). 

 

From the previous definitions of SDI it can be derived that one of the 

main objectives of SDIs is to make the work with geospatial data more ef-

ficient (McKee 2000; Nebert 2001), avoiding problems that occur with 

conventional GIS technology and geographic data sets. Bernard et al. 

(2004) remarks that there are two major problems with traditional GIS 

stand-alone applications: first, data sets exist in a plethora of different data 

formats (datasets in different formats often have to be converted in order to 

be used in a different system); and second, these data are often not (suffi-

ciently) documented (it is difficult or even impossible for outside users to 

discover data sets and to assess whether a given data set is useful for their 

tasks). In other words, what these authors are meaning is the inability of 
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isolate GIS tools to deal with interoperability issues in the current context 

where GI must be shared between online systems. As mentioned by 

(Egenhofer 1999) with respect to GI interoperability, ―the goal of interop-

erating GISs is to achieve an automated process that will allow to use data 

and software services across the boundaries that their collectors and de-

signers envisioned‖. 

 

Going a bit further with GI interoperability issues, the main obstacle for 

the interoperation of systems is the heterogeneity in data and services 

managed by these systems. In order to determine whether two systems are 

heterogeneous, one must analyze their different features and this yields dif-

ferent types of heterogeneity as well as different types of inteoperability 

levels. A commonly made distinction is that between syntactic (solving 

syntactic heterogeneity) and semantic interoperability (solving semantic 

heterogeneity) (Kolodziej 2003). The syntactic interoperability is con-

cerned with the technical level, i.e. it refers to the ability for a system or 

components of a system to provide information portability and inter-

application as well as cooperative process control. It comprises intercom-

munication at communication level protocol, hardware, software, and data 

compatibility layers. The semantic interoperability, in contrast, deals with 

the domain knowledge necessary for informatics services to "understand" 

each other's intentions and capabilities.  

 

In order to overcome interoperability problems, GI standards have been 

developed by organizations and standardization bodies such as the Open 

Geospatial Consortium (OGC) or ISO/TC211 (ISO technical committee 

for geographic information and geomatics). The use of GI standards has 

gradually eliminated many of the difficulties resulting from incompatibil-

ity of data structure and syntax but it is not enough to solve completely the 

problems derived from semantic heterogeneity. According to Bishr (1998), 

semantic heterogeneity is defined as the consequence of different concep-

tualizations of a real world fact. Because of different perspectives on the 

same real world facts, there may not be a common base of definitions of 

the underlying facts between two disciplines (domains). Derived from 

these different perspectives, Bishr distinguishes two main subtypes of se-

mantic heterogeneity: cognitive heterogeneity and naming heterogeneity. 

Cognitive heterogeneity occurs when the same term is used in different 

domains for representing different concepts. On the other hand, naming 

heterogeneity occurs when the same real world facts are understood in the 

same way but are named differently.  
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Semantic interoperability problems arise in different scenarios of GI in-

teroperability, ranging from discovery and retrieval of GI to the integration 

of data from different sources. For instance, in the case of GI discovery, 

though there are standardized interfaces for catalogue services operations 

(e.g., OGC Catalogue services specifications), the conformance to the 

specifications does not prevent from having GI catalogues with semantic 

heterogeneity problems. Catalogue implementations based on simple 

word-matching between user queries and metadata holdings suffer from 

typical naming and cognitive heterogeneities in the form of synonymy and 

homonymy problems respectively (Bernard et al. 2004). And as reported in 

section 3, similar problems of semantic heterogeneity occur in the case of 

GI retrieval or integration of data from different sources. 

 

The objective of this chapter will be the study of GI ontologies as a pos-

sible approach to facilitate semantic interoperability and overcome the 

problem of semantic heterogeneity. The explicit definition of knowledge 

by means of ontologies is commonly used as a mechanism to understand 

and solve the semantic heterogeneity arisen when interoperating between 

two systems (Wache et al. 2001). Defining, building and using ontologies 

have become a key research topic in Geographical Information Sciences 

(GISc). A lot of work has been dedicated to the definition of geographical 

ontologies and to the use of them in practical applications. 

 

Apart from this introduction section about GI, SDIs and interoperability 

issues, the remaining parts of this chapter are structured as follows. Section 

2 describes the features of geographical information related ontologies. Af-

ter, we focus on the role of ontologies to facilitate GI interoperability (sec-

tion 3). Section 4 presents three study cases discussing ontology design 

methodologies and ontology‘s uses in the geographical information con-

text. Finally, section 5 gathers conclusions, and section 6 points out open 

problems and research perspectives. 

2. Ontologies in GI 

In the GI sector, and more especially in spatial database community, the 

term ontology is often associated to (Yeung and Hall 2007):  

 A concept of using formally and explicitly defined terminology and vo-

cabulary to describe real world features or phenomena associated with a 

specific discipline, domain or application. 
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 A systematic collection and specification of spatial entities, their proper-

ties and relations, which are commonly stored in a hierarchical structure 

and shared by users in a particular discipline or domain. 

 An emerging approach to designing spatial database systems that has 

several advantages over conventional methods of systems development, 

including: 

 Allowing the establishment of correspondence and interrelation 

among different domains of spatial entities and relations. 

 Contributing to create better information systems by improving 

communication between systems developers, managers and users. 

 Enabling a user-centred approach to systems development. 

 Providing the underlying concept and technology for interoperable 

database systems. 

 Designing spatial databases from a perspective beyond the map meta-

phor that views the real world as independent layers of information 

that can be combined and overlaid. 

 

Let‘s put aside for now the spatial database design approach and focus on 

the first two aspects. As seen in chapter 1 ($$Roussey et al., 2009), on-

tologies can be implemented using various markup languages (e.g., RDF1 

or OWL2) and can be managed formalizated using specific tools (e.g., Pro-

tegé3). Ontologies can also be recorded graphically using entity-

relationship or UML diagrams. As stated by (Yeung et al. 2007) and 

deeply discussed by Fonseca et al.  (2002, 2003), the process of ontology 

building and documentation is comparable to database conceptual data 

modelling because both processes aim to identify and define real world 

features and determine their relationships. However, although the proc-

esses are similar, the end products are not the same. While the purpose of a 

conceptual schema is to describe the intended database structure at a high 

level of abstraction, an ontology represents a consensual agreement on the 

meanings of and relations between the vocabulary of terms used to repre-

sent data. There is not necessarily direct correspondence between the struc-

ture of an ontology and the structure of the database as it is represented by 

a conceptual database model. This point is illustrated in the case study 2 in 

section 4.2. 

 

                                                      
1 Resource Description Framework (RDF), see (Manola y Miller, 2004) 
2 Web Ontology Language (OWL), see (McGuinness and van Harmelen, 2004) 
3 http://protege.stanford.edu/ 

http://protege.stanford.edu/
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As discussed in chapter 1 ($$Roussey et al., 2009), ontologies can be 

obtained through top-down, bottom-up or middle out approaches. Just re-

call that a top-down approach builds ontology from upper level ontologies, 

bottom-up extract ontology from implemented systems, and middle out 

approach is a combination of the two others. Case study 1 (section 4.1) is 

an example of top-down approach when case study 2 (section 4.2) is a bot-

tom-up case. 

Generally speaking, Ontologies are created by consensus among the ex-

perts of data pertaining to a particular domain. These experts are some-

times collectively referred to as an information community, using a series 

of ontology building activities (Auxilio and Nieto 2003). These activities 

include extraction from existing database schemas (in the case of bottom-

up approaches) and a formal data modelling process, called semantic mod-

elling, that focuses on identifying and defining relevant terms. In the on-

tology building processes, it is often necessary to solicit the help of subject 

matter experts to ensure accuracy and precision of definitions. 

 

Ontology as an approach to database design and implementation serves 

several useful purposes. The ability of ontologies to provide unambiguous 

meanings of and structured relationships among the terminology used to 

describe the real world makes them a useful tool to address the problem of 

semantic heterogeneity in database design and application, but it is also a 

crucial medium of communication by providing precise notions that can be 

used to describe an application domain. It also provides the means to help 

define the semantics of database fields in a clear and unambiguous man-

ner. 

 

When focusing on semantic heterogeneity and interoperability, the 

greatest value of ontology is its role in supporting database interoperation 

strategies by means of query translation and schema integration. Query 

translation is the process of translating or mapping heterogeneous field 

names used in different data sets to an ontology in order to query them si-

multaneously using a single operation, for example by one SQL statement. 

Schema integration, on the other hand, makes use of the concept of ontol-

ogy to combine the schemas of individual data sources into one global 

schema. The next section focuses on the specific roles of ontologies for re-

solving problems resulting from semantic heterogeneity. 
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3. Ontologies as a way to solve interoperability issues 

This section reviews the state of the art in the use of ontologies in three 

typical GI interoperability scenarios. Firstly, section 3.1 describes the use 

of ontologies to help in the discovery and retrieval of GI resources. Sec-

ondly, after GI resources are available, section 3.2 presents how ontologies 

can contribute to solve the problems involved in data integration from het-

erogeneous sources. Thirdly, section 3.3 describes the role of ontologies as 

the conceptual model that guides the design and development of informa-

tion systems in the GI context. 

3.1. Ontology-based discovery and retrieval of geographic 
information.  

 

Discovering and retrieving geographic information is obviously one of 

the main goals of developing interoperable systems, and by extension of 

SDIs. It is also crucial to discover suitable geoprocessing services to han-

dle these data. Conventionally, discovery and retrieval for geographic in-

formation and geoprocessing services is carried through based on key-

words. However, keywords are not always sufficient to find exactly 

suitable geographic information because they lack semantics, there are 

ambiguities in natural language and inference mechanisms cannot be ap-

plied. The emergence of ontology provides possibility to enhance discov-

ery and retrieval; it solves problems of semantic heterogeneity between 

user‘s search and description of geographic information in SDI. 

 

SDIs provide catalogue services for discovering appropriate data and 

services for a specific task. Searches in these catalogues are currently 

mainly based on string-matching keywords with metadata entries (Lutz 

2005). Keyword-based search can have low recall if different terminology 

is used and/or low precision if terms are homonymous or because of their 

limited possibilities to express complex queries (Bernstein and Klein 2002 

cited by Lutz 2005). A way to overcome these limitations is to use ontolo-

gies to improve matching processes.  

For instance, (Bernard et al. 2004) describe the architecture of an ontol-

ogy based discovery and retrieval system of geographical information. In 

this system, different Web Feature Services are described with metadata 

which includes a reference to an application ontology that describes the 

feature types in terms of a shared domain ontology. The user queries are 

processed as follows: the user states their queries in terms of the shared 
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domain ontology; then the system expands the user query restrictions with 

the names of the stored features. Lutz and Klien (2006) show the evolution 

of the previous system. This latter version defines a query language and 

provides a user interface that helps users to formulate queries using a well-

known domain vocabulary. In this system, the names of the elements of 

the Geography Markup Language – GML (see section 3.2) returned by the 

Web Feature Services are mapped to a shared vocabulary that is used to 

expand the user queries using a Description Logic reasoner. 

 

Other works in this line are the ones proposed by (Hübner et al. 2004) 

and (Navarrete 2006). The first one describes an ontology based reasoning 

system that allows integrating heterogeneous geographical information by 

resolving structural, syntactic and semantic heterogeneities. The query sys-

tem supports the specification of queries of the type concept@location in 

time. The user selects a set of registered domain-specific application on-

tologies (in the thematic, spatial, and temporal domains) based on a com-

mon vocabulary and use them to select search terms that are expanded by 

selecting all equivalences and subconcepts (for the thematic search term), 

spatially related place names (for the spatial search term), and relevant 

time periods (for temporal ones). The second one provides a framework to 

represent semantic relations among the concepts from different datasets of 

a repository. The system is based on a high level ontology constructed by 

merging the knowledge provided by the datasets of the repository that de-

scribe in a precise and formal way the content of the repository. This on-

tology is then used to define semantic services or queries that enable 

agents find and integrate thematic information. It specifically focuses on 

finding datasets containing information on a particular theme (including 

theme subclasses if they are considered of interest); translating the content 

of a dataset to another compatible vocabulary; and integrating heterogene-

ous content from different datasets. 

 

With respect to the discovery and retrieval of geographic information 

services, similar approaches based on ontology-based descriptions of que-

ries and service advertisements can be adopted. By using ontologies to en-

rich services‘ description, their semantics become machine-interpretable, 

and users are enabled to pose concise and expressive queries. Furthermore, 

logical reasoning can be used to discover implicit relationships between 

search terms and service descriptions. Lutz (2005) proposes ontology-

based descriptions of operations consisting of a semantic signature, which 

contains Description Logics (DL) concepts (instead of datatypes) to repre-

sent inputs and outputs, and a specification of pre- and postconditions in 

First Order Logic (FOL). The operation descriptions and the associated on-
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tologies occur at two levels: At the domain level, they describe the generic 

operations of the domain and thus provide a shared vocabulary (preferen-

tially related to existing standards or agreements within the domain rather 

than designed from scratch, e.g. the 19100 series of ISO standards pub-

lished by ISO/TC 211), on which, at the application level, service provid-

ers (or requesters) can base the descriptions of (or queries for) a particular 

operation. 

3.2 Data integration in heterogeneous spatial databases 

 

Geographic applications are an example of the need to bring data inte-

gration to a big scale. This is the case for the studies of weather, environ-

ment, sustained development, terrain use (ground use), mobile applications 

and more. Semantic understanding is necessary to discover and extract the 

essential information into a structure suitable for integration from the 

sources of data. Researchers show the need to focus on a specific domain 

to achieve the main goal of semantic understanding. 

 

Ontologies define semantics independently of data representation and 

reflect the relevance of data without accessing them. Such a high-level de-

scription of the semantics of geographic information provides more and 

new means for comparing and integrating spatial data. In addition, ontolo-

gies enable knowledge reuse by semantically describing data that were de-

rived from consensus reached by different GIS communities. 

 

Kashyap and Sheth (1996) present a semantic taxonomy to demonstrate 

semantic similarities between two objects and related this to a structural 

taxonomy. At present days, intelligent integration has been applied to het-

erogeneous database integration. From artificial intelligence world often it 

is achieve by means agents or mediators that provide intermediary services 

by linking data resources and application programs. 

 

Within the SDI context, several ontologies have been built in last years 

with the purpose of facilitating integration of data. Some of them are the 

following: 

 Ontology for Geography Markup Language4 provides an ontology-

based represention of the Geography Markup Language(GML) version 

3.0 using OWL as ontology language. GML is an OGC specification for 

                                                      
4 http://efe.ege.edu.tr/~unalir/MK/gml30.owl 
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the encoding and exchange of GI. The motivation for defining this on-

tology, developed at the Drexel University in 2004, was to define a core 

ontology that could be reused and extended in other ontologies for spe-

cific application domains. 

 Geospatial Resource Description Framework (GRDF) (Alam et al. 

2008) is another OWL ontology whose concepts and properties extend 

also the definitions found in GML. The purpose of this ontology is to 

define an expressive language in the geospatial domain making profit of 

the advantages provided by Web semantic languages.  

 OntoSensor (Russomanno et al. 2005) is an ontology based on the IEEE 

Suggested Upper Merged Ontology (SUMO)5, which is a top-level on-

tology defining general concepts and associations. The purpose of On-

toSensor is to provide an ontological perspective of SensorML, the lan-

guage specified by OGC to represent sensor data collected from remote 

dispositives. SensorML is also a language derived from GML. 

3.3. Ontology-driven Geographic Information Systems 

Ontology has been proposed to play a central role in information sys-

tem‘s life cycle, leading to ontology-driven information systems (ODIS) 

(Guarino 1998). In this case the ontology drives all aspects and compo-

nents of the system. In ODIS the ontology is called application ontology 

and it is a specialization of a domain ontology and a task ontology 

(Guarino 1998). The difference between ontology-driven and other types 

of information systems is that the ontology is made explicit before the in-

formation system is even designed. As explained by Fonseca (2007), using 

an ontology during the development stage enables designers to practice a 

higher level of knowledge reuse than is usually the case in software engi-

neering. The use of a common vocabulary across heterogeneous software 

platforms provides for the reuse and sharing of the application domain 

knowledge. Thus, designers can focus on the structure on the domain in-

stead of being overly concerned with implementation details. Developing 

and using ontologies should be a prerequisite to conceptual modeling, on-

tologies being by definition broader than conceptual schemas. At run time, 

an ontology may enable the communication between software agents or be 

used to support information integration. Complementary information on 

ODGIS can be found in $$Roussey et al. (2009).  

 

                                                      
5 http://www.ontologyportal.org/ 
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The approach of Fonseca is also connected with a recent approach to 

software engineering that is called Model Driven Engineering (MDE) or 

Model Driven Development (MDD). MDD focuses on models as the pri-

mary artefact in the development process, with transformations as the pri-

mary operation on models. This new approach allows to concentrate the 

efforts on modelling system functionalities, instead of platform specific 

details. The successive application of model transformations facilitate the 

conversion of the original model (based on systems funcionality) into a 

platform-specific application. (Grangel et al. 2007) describe the main is-

sues for the adoption of this MDD approach within the urban domain. 

 

4. Practical case studies 

The last section will present three particular case studies on ontology 

design methodologies and ontology‘s uses within the GI context. The first 

two concern a top-down ontology design approach applied to hydrology 

(core reference and formal ontology) and a bottom-up ontology design ap-

proach applied in the case of urban spatial database reengineering project 

(local and software ontology), respectively. The third case concerns the 

use of ontologies for the semantic annotation of geocoding services in the 

field of urban management systems (domain and formal ontology).  

4.1. Development of a domain ontology to facilitate 
interoperability in the context of hydrography 

The first case study of the three above mentioned is a project launched 

by the Spanish National Geographic Institute (IGN-E) to facilitate the se-

mantic harmonization of hydrographic information among data producers 

at different levels (national, regional and local). IGN-E developed a com-

mon reference model by means of a core reference ontology, called hy-

drOntology. 

hydrOntology is an ontology that follows a top-down development ap-

proach. Its main goal is to harmonize heterogeneous information sources 

coming from diverse cartographic agencies and other international re-

sources. 

Initially, this ontology was created as a local ontology to establish map-

pings between different IGN-E data sources (feature catalogues, gazetteers, 

etc.). Its purpose was to serve as a harmonization framework among Span-

ish cartographic producers. Later, the ontology evolved into a global do-
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main ontology, and now it attempts to cover most of the hydrographical 

features found in a map. The final version of this ontology was finished in 

the mid-2008. 

The statistical data (metrics) and its different taxonomic relations ap-

pearing below provide an overview of the hydrOntology characteristics. 

hydrOntology has 150 classes, 34 object properties, 66 data properties 

and 256 axioms. Some examples of the four taxonomic relations defined in 

the Frame Ontology (Farquahr et al. 1997) and the OKBC Ontology 

(Chaudhri et al. 1998), namely, Subclasses, Disjoint-Decomposition, Ex-

haustive-Decomposition and Partitions, have been implemented in the on-

tology. Further details are shown in (Vilches-Blázquez et al. 2007). The 

ontology documentation is exhaustive, thus, definitions and their definition 

sources can be found in each concept (class). The ontology has an impor-

tant amount of labels with alternative names (synonyms) as well as con-

cept and synonym provenances. 

In order to develop this ontology following a top-down approach, more 

than 20 different knowledge models (feature catalogues of IGN-E, the Wa-

ter Framework European Directive, the Alexandria Digital Library, the 

UNESCO Thesaurus, Getty Thesaurus, GeoNames, FACC codes, EuroG-

lobalMap, EuroRegionalMap, EuroGeonames, different Spanish Gazet-

teers and many others) have been consulted; additionally, some integration 

problems of geographic information and several structuring criteria 

(Vilches-Blázquez et al. 2007) have been considered. The aim was to cov-

er most of the existing GI sources for building an exhaustive core refer-

ence ontology. Thus, the ontology contains 150 relevant concepts related 

to hydrography (e.g. river, reservoir, lake, channel, and others). 

Regarding methodological issues, hydrOntology was built following 

METHONTOLOGY, a widely-used ontology building methodology. This 

methodology emphasises the reuse of existing domain and upper-level on-

tologies and proposes to use, for formalisation purposes, a set of interme-

diate representations that can be later transformed automatically into dif-

ferent formal languages. A detailed description of this methodology can be 

found in (Gómez-Pérez et al. 2003). 

hydrOntology has been developed according to the ontology design 

principles proposed by (Gruber 1995) and (Arpírez et al. 1998). Some of 

its most important characteristics are that the concept names (classes) are 

sufficiently explanatory and rightly written. Each class groups only one 

concept and, therefore, classes in brackets and/or with links (―and‖, ―or‖) 

are avoided. According to some naming conventions, each class is written 

with a capital letter at the beginning of each word, while object and data 

properties are written with lower case letters. 
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With respect to databases, it should be added that this project handles 

various information databases, both Spanish and European. These databas-

es are created at different scales (from 1:1,000,000 to 1:5,000) and come 

from diverse institutions or producers. A common component of these da-

tabases is that all sources have hydrographical information related to Span-

ish geographical feature instances. 

As commented before, this project handle two European databases (Eu-

roGlobalMap, and EuroRegionalMap), and four Spanish databases that be-

long to IGN-E. The Spanish databases have information at different scales; 

of the four Spanish databases, two are Numerical Cartographic Databases 

(Numerical Topographic Database (BTN25) and Numerical Cartographic 

Database (BCN200)), and two are gazetteers (Conciso Gazetteer and Na-

tional Geographic Gazetteer). Finally, with regard to the local databases, 

the project employs two, one developed by a local producer (Cartographic 

Institute of Andalusia) and other, by a thematic producer (Hydrographical 

Confederation of Ebro River). 

 

 
Fig. 1 An overview of wrappers between hydrOntology and databases 

 

 

Within this context of databases, semantic understanding is achieved by 

setting wrappers between hydrOntology and various databases with R2O 

language (Barrasa et al. 2004). The wrappers, which are still in progress, 

build and improve relationships between features (from ontology) and in-

stances (from databases). An overview of this work is shown in Fig. 1. 
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Once hydrOntology is consolidated as a harmonization framework for 

the community of GI producers, the second phase will involve a complex 

integration framework of databases and ontologies. An overview of this in-

tegration approach is shown in Fig. 2. This approach is related to the  hybr-

id approach proposed in (Wache et al. 2001). In the hybrid approach, hy-

drOntology will provide the global shared vocabulary and each producer 

(European, regional and local) will have a local ontology that sets map-

pings with the global ontology and its databases. The application of this 

approach to the Spanish Spatial Data Infrastructure‘s gazetteer web ser-

vice6  will provide better and richer answers. 

 

 

 
Fig. 2 Hybrid approach of hydrOntology (inspired by Wache et al. 2001) 

4.2. An ontology extraction bottom-up approach in a spatial 
database reengineering project  

 

The second case concerns a bottom-up ontology extraction approach 

within a spatial database reengineering project (Chaidron et al. 2007). In 

Belgium, the Centre Informatique pour la Région Bruxelloise (CIRB) 

manages spatial databases (SDBs) that cover the Brussels Region. This 

particular set of SDBs is known as Brussels UrbIS 2 ©. At the end of the 

nineties, it became obvious that a complete reengineering of the databases 

was needed. A collaboration between the CIRB and the Geomatics Unit of 

the University of Liege started in 1998 to provide the necessary support to 

achieve the reengineering process of part of the SDB (the ADM base con-

taining 33 classes and 830000 instances mostly related to geographical 

                                                      
6 http://www.idee.es/gazetteerIGN/indexLayout.jsp?PAGELANGUAGE=EN 
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administrative information), i.e. bringing the DB to its second operational 

version.  

The objective was to create a posteriori a feature catalogue and concep-

tual data models. One of the first step was the (re)-definition of local soft-

ware ontologies of the original database (Fonseca et al. 2003). In order to 

fulfil project‘s objective, a bottom-up ontology extraction approach has 

been adopted. It can be divided in several steps (figure 3):  

 

1. The first step consists in analysing the existing database documen-

tations and then extracting a draft version of the ontologies. Local 

ontologies can be extracted from data catalogues or data dictionar-

ies and semantic nets can be derived from CDMs (examples of ex-

traction are presented below). The derived ontology should be ex-

pressed in an ontology-language like KIF or OWL, or even in 

UML. 

2. At this stage, two options are possible depending on DB designer 

collaboration. 

a. The relevance of extracted ontologies can be checked by 

comparing them to the related populated DB. Final on-

tologies can be then obtained and the extraction process 

ends. 

b. If it is possible, the next step is to submit the draft ontolo-

gies to the DB designers. An important issue at this stage 

is to ensure that both ―teams‖ use the same language, the 

same concepts. A definition is provided for each concept. 

This definition includes a textual description as well as a 

formal expression of its relations with other concepts (IS 

A, part of and possible topological relations). 

3. Remarks formulated by the DB designers must be included in the 

ontologies extraction process and new ontologies have to be pro-

vided until final acceptation. 
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Proposed bottom-up approach 

(UML Activity diagram) 

Its practical application in the 

project (UML Activity diagram) 

Fig. 3. A theoretical bottom-up approach and its practical application (Chaidron et 

al. 2007) 

Some difficulties occurred during practical application of this approach. 

First, the existing documentation was incomplete and non-standardised; 

specific relational schemes, a simple data list, data acquisition specifica-

tions (for photogrammetric and land surveying measurements). As a result, 

only some hierarchic and thematic links have been deduced from this 

documentation. Then, the DB designers failed at the beginning to validate 

the draft outputs. Tools and methods to formalize their knowledge had to 

be provided to them and more especially a common spatial language. For 

this purpose we have used first a ―natural‖ language expressed within and 

Entity / Relationship (E/R) formalism, and later we adopted a more spe-

cialized geo-formalism (i.e. CONGOO formalism, Chaidron et al. 2007). 

 

One of the most important aspects of the submission / acceptation proc-

ess was the establishment of objects spatial properties: object representa-

tion and spatial relationships between objects. By identifying spatial (topo-

logical) relationships between objects, this stage revealed object‘s 

definition inconsistencies. It appeared to be the most crucial element of the 

extraction approach (see Chaidron et al. 2007 for further details). 
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As presented in figure 3, the practical application of the bottom-up ap-

proach was slightly different to the theoretical approach as the expected 

outputs were feature catalogue and CDMs when full documented ontolo-

gies were not. Deriving a semantic from the reengineering E/R model is 

possible. However, such CDM are not ontologies because it has been de-

signed for a specific information system, describing the contents of a spe-

cific database, i.e. the specifications of one possible ―world‖ (Bishr and 

Kuhn 2000, Fonseca et al. 2003). That means that we would have to oper-

ate an intermediate step to build a kind of semantic net (figure 4); a richer 

model (global-transposable-sharable) than the database conceptual schema, 

capturing the semantics of information in a formal way, and usable as a 

possible way for data integration (Morocho et al. 2003). 

 

 
 

Extract of E/R model Corresponding semantic net 

Fig. 4. An extract of Urbis2© E/R model and its corresponding semantic net 

(Chaidron et al. 2007) 

 

This study clarifies the role of ontologies in SDB‘s design and reengi-

neering. If the ontology level is necessary for DB‘s design (and interop-

erability) (Frank 1997, Smith and Mark 1998), related ontologies are not 

always formalized. Therefore, local SDB ontologies are usually hidden in 

SDBs and associated documentations (feature catalogues and CDMs). In 

this case, it is possible to extract them from the documentation by applying 

a bottom-up approach. This process could be improved by a good collabo-

ration with DB‘s original designer when the DB is poorly documented. 
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From our experience, extracting local ontologies (and associated objects 

definitions) implies a very good knowledge of spatial relationships be-

tween DB‘s objects; we believe that a comprehensive analysis of spatial 

relationships between instances should be the first stage of local ontologies 

extraction. 

4.3. Enabling geolocating via ontologies  

The third case concerns the use of ontologies for the semantic annota-

tion of geocoding services in a system that integrates different geocoding 

services. This use case, described in detail in (Florczyk et al. 2009), deals 

with the geocoding of urban addresses using different geocoding services 

such as a local council geocoding service, a national cadastre geocoding 

service and a national gazetteer service. Ontologies are used here to solve 

the semantic heterogeneity between the results retrieved from the different 

services in terms of address organization. 

 

In Spain, the Zaragoza city council launched its local SDI in 2004 

named IDEZar. This SDI has been created in collaboration with the Uni-

versity of Zaragoza (Lopez-Pellicer et al. 2006). IDEZar has as a mandato-

ry requirement the implementation of new geocoding services because 

many urban related datasets were only georeferenced with street addresses. 

Two use cases were defined: an on-line geocoder in the SDI web portal to 

geocode input text addresses and a batch geocoder for large files contain-

ing address names. 

 

Urban management systems need geocoding functionality support to en-

able the assignation of geographic coordinates to location description such 

as ―about 100 meters south of a park, and near a coffee shop". Usually, 

available geocoding services work on absolute locations and are not ap-

propriate for this kind of task (Hutchinson and Veenendall 2005) and 

should be enhanced with other services such as a point of interest (POI) 

service. A system that integrates several geocoding services and other sim-

ilar would join the functionality of them to provide a location (e.g. the 

geocoded results of an environment geocoder and a POI geocoder are ap-

plied to constrain the query to a third geocoder). However, this approach 

introduces a high level of complexity in the use of services and data inte-

gration. Domain ontologies such as an administrative units ontology (Lo-

pez-Pellicer et al. 2008) might help to fuse the data models. However, the 

key issue here is the selection of the geocoder services applied to solve the 

user query. 
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The service description is composed of a description of the geocoder da-

ta model based on domain ontologies, such as an administrative units on-

tology, and a set of service attributes. (Florczyk et al. 2009) distinguishes 

the following attributes for the geocoding service description: coverage, 

content type, spatial object type, result accuracy, reliability, precision and 

granularity. Some of them are linked to an appropriate ontology. For ex-

ample, coverage, that defines the data location area, is linked to a concept 

provided by the appropriate administrative unit ontology. 

 

The architecture of the geocoder integration service consists of the fol-

lowing components (see Fig. 5):  

1. The first component consists of an input data processor that is 

responsible for pre-processing of input data that uses the typical 

geocoding strategies. 

2. The decision maker is the core component. It hides the process of 

service selection and the evaluation of the query results. 

3. The mediator component that contains:  

a. Pluggable service connector responsible of the invocation 

to service providers. 

b. Data integration component that hides the mapping 

process. 
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Fig. 5. Compound Geocoder Architecture 

 

The adequate description of each service with the help of domain ontol-

ogies determines the behaviour of the whole system mainly because the 

service characteristics are clues for service selection. For example, the ad-

ministrative unit ontology plays fundamental role in service selection. This 

ontology is responsible for defining the relations among the administrative 

units that provide the basis for source selection according to the correlation 

between the query constraints and the service coverage. Also, when data 

from different sources should be integrated in a response, ontologies are 

applied. For example, the administrative unit ontology helps to build an 

extensible data model suitable for the representation of the spatial data re-

lationship in the context of administrative units that is used to merge ad-

ministrative units found in each response. 

  

This approach was applied to the two geocoding use cases defined in 

IDEZar. The first was implemented as a part of the system in charge of ad-

vertising (through the IDEZar web portal) daily incidents on the urban 

network. The application georeferences input addresses from forms and re-

turns a list of proposals that are visualized on the associated map. The 

compound geocoder builds the list of proposals according to an internal 
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ranking based on text comparison, the street type correspondence if availa-

ble, and, above all, the characteristics of each source geocoding service. 

The second case is a batch geocoder tool for large CSV (Comma-separated 

values) files containing address names. The logic of the tool is highly con-

figurable as a result of the characteristics of the chosen architecture. 

 

This experience shows that the usefulness of ontologies in service de-

scription and selection in the field of urban management systems. Select-

ing the best service is a hard task that might be leveraged with the use of 

service descriptions annotated with semantic descriptions. However, today 

service descriptions lack these descriptions. Moreover, data and data mod-

el behind these services fail to have a semantic description. Defining on-

tologies and processes to automatically create these descriptions from ser-

vices should be the first stage of the use of ontologies for integrating 

services. 

5. Conclusions 

This chapter has presented roles, types, uses and design processes of on-

tologies within the Geographic Information sector. One has focused on 

solving interoperability issues which is especially crucial when dealing 

with SDIs. The use of ontologies in three typical GI interoperability sce-

narios have been presented; discovery and retrieval of GI, data integration 

in heterogeneous spatial databases and development of GIS. In all of these 

cases, the heterogeneous nature of GI (syntax and semantic) makes the use 

of ontologies especially important.  

Then, three real cases discussing ontology design methodologies and 

ontology‘s uses in the GI context have been presented. The first two con-

cerns respectively a top-down ontology design approach applied to hydrol-

ogy and a bottom-up ontology design approach applied in the case of ur-

ban spatial database reengineering project. The third case concerns the use 

of ontologies for the semantic annotation of geocoding services in the field 

of urban management systems. 

The use of ontologies is growing in the GI community; it is a conse-

quence of development of SDIs and of global services needing various 

types of GI. Ontologies play a central role in system development, infor-

mation retrieval and data integration. Knowing that urban information is 

often of spatial or geographical nature, it is necessary to consider GI ontol-

ogies and their uses when approaching urban ontologies context.  
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6. Open problems and research challenges 

 

Beside general research issues such as the evaluation of ontologies qual-

ity (Guarino and Welty 2004), there are some specific research challenges 

for the GI community (Albrecht et al., 2008; Bucella et al., 2009).  

As already mentioned by Mark et al. (2004), there is a need to continue 

to develop geo-ontologies. Indeed, although the use of ontologies in the GI 

sector is widely discussed (mainly in academia), there are rather few on-

tologies on geographic relations and processes. It appears that we are short 

of ontologies of geographic processes and ontologies are much easier 

translated into a database schema than into process model. A practical on-

tology of process that is both proven to be formally correct and at the same 

time well enough developed to reach to the level of real world applications 

is still missing (Albrecht et al., 2008). Additionally,a huge work has still to 

be done to cover concepts such as spatial relations, vagueness or geo-

object‘s changes. It is also rather clear that due to the strong interaction be-

tween space and time, spatio-temporal ontologies are a key issue for fur-

ther model integration.  

Further to the need for more geo-ontologies, some authors have also 

pointed out some technical development needs. For example, Albrecht et 

al. (2008) raise the issue that moving from static GIS repositories to GIS-

based process modelling systems requires the development of reusable li-

braries of process specifications. They also identify a rather important 

technical drawback which is that current ontology editors are far from al-

lowing a straightforward connection to GIS; there is usually a long way 

towards linking original geospatial ontology development with the creation 

of professional GIS database schemata.  

Finally, another future challenge is to ensure integration with other do-

main ontologies (construction, historical, etc.), which are notably crucial in 

the urban context. 
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