Creating a Semantic Integration System using Spatial Data
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ABSTRACT

Data integration is complex often requiring muclchtacal
knowledge and expert understanding of the data &ed
meaning. In this paper we investigate the use weat semantic
tools as an aid to data integration, and identify heed to
modify these tools to meet the needs of spatia.dlutstrating
the benefits of exposing the semantics of integnathrough
creation of a demonstrator.

Categories and Subject Descriptors
H.3.4 [Systems and Softwar €]: Information networks

General Terms
Design, Experimentation, Theory.

Keywords
Geospatial, Semantic Web, OWL, RDF, Ontology.

1. INTRODUCTION

Increasingly there is a need to provide solutidrat integrate
data from different datasets originating from dseerdata
providers. Integrating this data is a non-triviask; one that is
made more difficult by data not only being suppliedifferent

formats, but also being defined using subtly défégrsemantics.
Such semantic difference is not always clearly dwmnted and
the final system can hide much of the semanticsthef

integration within a black box model.

The prototype we are developing conducts data latem in a
more explicit fashion producing a merged ontoldggttaims to
resolve most, if not all, of the integration issudswever, such
an approach has to overcome an additional prohtetinait there
typically exists a semantic gap between the dordastribed in
the ontology, and the related data source.

In order to illustrate that such processes areilplessf not yet
efficient, this paper describes a work in progréssouild a
demonstrator that uses ontologies to describe thabhs,
mapping those domains to the physical data andllyina
combining the domains through linking of the ongis,
including linking using spatial relationships.

In doing so we have chosen to model a real wortdblem, that
of predictive modelling of diffuse water pollutioWe have
simplified the problem to make it manageable bwehensured
that it is a reasonable subset of the problem we bhosen.

2. BACKGROUND

In the literature there are many documented usescdsr
semantic integration [9],[8]. Each of these systetaseloped
their own technology to carry out the integratibuch of the
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work carried out since these early use cases hars cmcerned
with solutions for specific problems associatedhwsiemantic
integration, such as mapping between ontologies B4
querying multiple data sources using a single ogo[12]. This
has resulted in tools being developed which haegtest to
transfer technologies from academia into the mesash
commercial sector.

None of the current toolsets available allow theatisp

attribution of the data sources in this scenaribe@ueried. Our
demonstrator will extend features from currentlgitable tools
to make this possible.

Previous use cases create ontologies from existingces of
semantics, such as thesauri [7], or are createthéydomain
expert involved in the project. The ontologies tedain this
demonstrator will be created using knowledge elimn
techniques with active involvement from domain expe

3. THE DEMONSTRATOR

The semantic data integration demonstrator enaiplesies to
be passed to the system that are expressed irotiabuwiary of
the application domain rather than using the teotogy of the
database schemas. The demonstrator comprises es S&fi
layered ontologies and a translator for convertthg data
sources into a virtual RDF graph.
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Figure 1. Thedemonstrator architecture
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Figure 1 shows the three layers in the ontologygkstahe
domain ontologies, in the middle of the stack, wrigten using
the involvement of domain experts. Knowledge editiin
techniques such as laddering [5] and semi-strudtimerviews
are carried out on the domain experts. This knogdeid then
documented using Rabbit [4], a controlled natuiguage
which is converted in to the OWL DL [10] domain olatgies.

The application ontology links the domain ontolagtegether,
adding in additional application-specific inform@ati Recent
research has recognised ontology modularisatidmtgaes [2]
that can be used to assist us in the linking psobgsavoiding
the need to import entire domain ontologies. Howermich of



the application ontology will be created manuadly, it requires
domain knowledge of the scenario being modelled.ifsiance
in the diffuse pollution scenario, a field in theopbgraphy
ontology is linked to a soil type in the Soils dogy based on
the soil type that covers the largest proportiorthef field. The
application ontology is documented in Rabbit andlOW. with
SWRL [6] rules to represent some of the task sjecif
knowledge.

The final set of ontologies in the stack are thtadatologies.
These map each data source to the concepts inetaged
domain ontologies. This helps to close the semayaticbetween
the data source and the domain concepts, for icstaithin the
topographic domain ontology there is a conceptfidld and yet
the topographic data source does not explicithingesuch a
concept. The data ontology also allows spatialti@ia present
in the domain ontologies to be mapped to functiamghe data
source. This is illustrated by the mapping showrFigure 2
showing an Agricultural Field shown which requirepatial
operations (e.g. perimeter calculations) in order le
instantiated from the database.

The data ontology is written in the D2RQ mappingglaage [1].
The translator that mediates between the dataamytaind the
data sources is a modified D2RQ Engine which has be
enhanced to allow the use of spatial operatorsigedvby the
Oracle Spatial database.

AgriculturalField

hEpping Conditions
THBWE = 'Land
MAKE = 'Matural’
CALC_ARES >= 1000
Area # Perimeter < 8.7

ToiIn | THEME | maAKE | caLc_area |
10000003 36046124 Land Naturasl 103508
10000003 350461 25 L Moturst S77. a2
10000003 36046128 Land Neatural 3|/I50T

Figure 2. Mapping the domain concepts to the sour ce data.

Using the data ontology and the translator the dataces are
then exposed as a virtual RDF which can be quetisidg
SparQL [11].

As our ontologies are written in OWL DL we presetlie OWL

DL semantics in the query by using the A Box quengine in

the Pellet reasoner [13]. The addition of the reasdo the
demonstrator is an important step as if we use 8pBrQL we
lose all of the OWL expressivity, for example withihe

scenario we define the concept of a polluted arfba.instances
of a polluted area are inferred by the reasonergusie axioms
within the ontology e.g. if a field has recentlyebefertilised and
was then heavily rained upon then that field wiloguce

pollutants. However if only using a SparQL quergrttthe user
would need to create a query of all fields whichreveecently
fertilised and suffered heavy rain. This illustsatbe importance
of being able to use the domain knowledge capturigtin the

ontology.

Although we want to expose the knowledge and défims used
to model the scenario we do not want users to rieedse
semantic technologies, such as SparQL, to buildt theeries.
To this end we have designed a user interfacevitiahide the
semantic queries from the user, providing a mappitegface to
visualise the spatial attribution. This will be dséo input
details to the query as well as displaying theltesu

4. CONCLUSIONS

As a data provider we know that data integration ofs
paramount importance to our customers. It is hoped this
demonstrator will prove the benefits and highligbine possible
problems of semantic integration that arise whemogucing
these technologies. Thus far, the major issues aappe be:
immaturity of technology to deal with spatial dagaaling issues
when using virtual RDF and the difficulties in mddg

complex tasks. The benefits are seen in the exposir
integration assumptions, and the ability to linkngsdomain
concepts.
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