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ABSTRACT 
Data integration is complex often requiring much technical 
knowledge and expert understanding of the data and its 
meaning. In this paper we investigate the use of current semantic 
tools as an aid to data integration, and identify the need to 
modify these tools to meet the needs of spatial data. Illustrating 
the benefits of exposing the semantics of integration through 
creation of a demonstrator. 

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

General Terms 
Design, Experimentation, Theory. 

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

1. INTRODUCTION 
Increasingly there is a need to provide solutions that integrate 
data from different datasets originating from diverse data 
providers. Integrating this data is a non-trivial task; one that is 
made more difficult by data not only being supplied in different 
formats, but also being defined using subtly different semantics. 
Such semantic difference is not always clearly documented and 
the final system can hide much of the semantics of the 
integration within a black box model. 

The prototype we are developing conducts data integration in a 
more explicit fashion producing a merged ontology that aims to  
resolve most, if not all, of the integration issues. However, such 
an approach has to overcome an additional problem in that there 
typically exists a semantic gap between the domain described in 
the ontology, and the related data source. 

In order to illustrate that such processes are possible, if not yet 
efficient, this paper describes a work in progress to build a 
demonstrator that uses ontologies to describe the domains, 
mapping those domains to the physical data and finally 
combining the domains through linking of the ontologies, 
including linking using spatial relationships. 

In doing so we have chosen to model a real world problem, that 
of predictive modelling of diffuse water pollution. We have 
simplified the problem to make it manageable but have ensured 
that it is a reasonable subset of the problem we have chosen. 

2. BACKGROUND 
In the literature there are many documented use cases for 
semantic integration [9],[8]. Each of these systems developed 
their own technology to carry out the integration. Much of the 

work carried out since these early use cases has been concerned 
with solutions for specific problems associated with semantic 
integration, such as mapping between ontologies [3] and 
querying multiple data sources using a single ontology [12]. This 
has resulted in tools being developed which have started to 
transfer technologies from academia into the mainstream 
commercial sector. 

None of the current toolsets available allow the spatial 
attribution of the data sources in this scenario to be queried. Our 
demonstrator will extend features from currently available tools 
to make this possible. 

Previous use cases create ontologies from existing sources of 
semantics, such as thesauri [7], or are created by the domain 
expert involved in the project. The ontologies created in this 
demonstrator will be created using knowledge elicitation 
techniques with active involvement from domain experts. 

3. THE DEMONSTRATOR 
The semantic data integration demonstrator enables queries to 
be passed to the system that are expressed in the vocabulary of 
the application domain rather than using the terminology of the 
database schemas. The demonstrator comprises a series of 
layered ontologies and a translator for converting the data 
sources into a virtual RDF graph.  

 

Figure 1. The demonstrator architecture 

Figure 1 shows the three layers in the ontology stack. The 
domain ontologies, in the middle of the stack, are written using 
the involvement of domain experts. Knowledge elicitation 
techniques such as laddering [5] and semi-structured interviews 
are carried out on the domain experts. This knowledge is then 
documented using Rabbit [4], a controlled natural language 
which is converted in to the OWL DL [10] domain ontologies. 

The application ontology links the domain ontologies together, 
adding in additional application-specific information. Recent 
research has recognised ontology modularisation techniques [2] 
that can be used to assist us in the linking process by avoiding 
the need to import entire domain ontologies. However, much of 



the application ontology will be created manually, as it requires 
domain knowledge of the scenario being modelled. For instance 
in the diffuse pollution scenario, a field in the Topography 
ontology is linked to a soil type in the Soils ontology based on 
the soil type that covers the largest proportion of the field. The 
application ontology is documented in Rabbit and OWL DL with 
SWRL [6] rules to represent some of the task specific 
knowledge. 

The final set of ontologies in the stack are the data ontologies. 
These map each data source to the concepts in the related 
domain ontologies. This helps to close the semantic gap between 
the data source and the domain concepts, for instance within the 
topographic domain ontology there is a concept of a field and yet 
the topographic data source does not explicitly define such a 
concept. The data ontology also allows spatial relations present 
in the domain ontologies to be mapped to functions on the data 
source. This is illustrated by the mapping shown in Figure 2 
showing an Agricultural Field shown which requires spatial 
operations (e.g. perimeter calculations) in order to be 
instantiated from the database. 

The data ontology is written in the D2RQ mapping language [1]. 
The translator that mediates between the data ontology and the 
data sources is a modified D2RQ Engine which has been 
enhanced to allow the use of spatial operators provided by the 
Oracle Spatial database. 

  

Figure 2. Mapping the domain concepts to the source data. 

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

As our ontologies are written in OWL DL we preserve the OWL 
DL semantics in the query by using the A Box query engine in 
the Pellet reasoner [13]. The addition of the reasoner to the 
demonstrator is an important step as if we use only SparQL we 
lose all of the OWL expressivity, for example within the 
scenario we define the concept of a polluted area. The instances 
of a polluted area are inferred by the reasoner using the axioms 
within the ontology e.g. if a field has recently been fertilised and 
was then heavily rained upon then that field will produce 
pollutants. However if only using a SparQL query then the user 
would need to create a query of all fields which were recently 
fertilised and suffered heavy rain. This illustrates the importance 
of being able to use the domain knowledge captured within the 
ontology. 

Although we want to expose the knowledge and definitions used 
to model the scenario we do not want users to need to use 
semantic technologies, such as SparQL, to build their queries. 
To this end we have designed a user interface that will hide the 
semantic queries from the user, providing a mapping interface to 
visualise the spatial attribution. This will be used to input 
details to the query as well as displaying the results. 

4. CONCLUSIONS 
As a data provider we know that data integration is of 
paramount importance to our customers. It is hoped that this 
demonstrator will prove the benefits and highlight some possible 
problems of semantic integration that arise when introducing 
these technologies. Thus far, the major issues appear to be: 
immaturity of technology to deal with spatial data; scaling issues 
when using virtual RDF and the difficulties in modelling 
complex tasks. The benefits are seen in the exposure of 
integration assumptions, and the ability to link using domain 
concepts. 
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