Ontological modelling of cartographic generalisation
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1. Introduction
Government, both national and local, is making increasing amounts of spatial data freely available
(Tinati et al. 2012). For example, the DataGM website provides access to georeferenced data for road
traffic accidents, fire and rescue incidents, bus stops, bus routes and traffic signals in Greater
Manchester (Trafford Council 2012). However, how can thousands of road accidents be mapped
without obscuring the underlying road network (Figure 1) and how can this data be mapped by the
non-expert? Tools such as the Google maps API (Batty et al. 2010) provide only a partial solution in
that they merely overlay data on base maps. There is no integration of user-supplied data. What is
required is cartographic generalisation on-demand. But to automate the map creation process it is
necessary to formalise the knowledge required for generalisation – the selection and sequencing of the
generalisation operations.

Figure 1. Road accidents mapped in Greater Manchester

The aim of this project is to determine the why, when and how of generalisation (McMaster and Shea
1992). The need to produce a legible map is the reason why we need to generalise the data. The
existence of geometric conditions (congestion, imperceptibility) in the mapped data determines the

when. The existence of these conditions can be determined by using measures such as the density and
distribution of features (Stigmar and Harrie 2011). How is answered by the use of generalisation
operations such as amalgamation and collapse.
Currently cartographic knowledge is embedded in the configuration of sophisticated software
applications or in the expertise of their users (Revell et al. 2011). One possible option for representing
and sharing that knowledge is to use ontologies (Gruber 1993). We can also reason with ontologies
and apply them to decision-making. This paper describes an attempt to model the process of
generalisation, using ontologies, in an effort to facilitate the automation of map generation.
2. Background
Most research in geographic information ontologies to date has been focussed on real world objects
and less on processes such as generalisation (Couclelis 2010). Kulik et al. (2005) employed an
ontology in generalisation but used it specifically to enhance a line simplification algorithm rather than
to describe the process of generalisation. Touya et al. (2010) developed a domain ontology for the
whole generalisation process that included a taxonomy of generalisation operations. However,
elements of the ontology, such as the taxonomy of generalisation processes, are platform specific. In
other domains ontologies have been used to match students to courses (Kontopoulos et al. 2008) and
applicants to jobs (García-Sánchez et al. 2006).
3. Designing the ontology
There is no single correct way of modelling a domain and ontological engineering is necessarily an
iterative process (Noy and McGuinness 2001). There are a number of methodologies available to
guide the process (Sure et al. 2009) but in our case the “simple” method described by Noy and
McGuinness (2001) was employed.
The first stage in designing an ontology is to determine its scope by defining a set of competency
questions that the ontology is expected to answer (Noy and McGuinness 2001). In the domain of ondemand mapping the competency questions include:




Which measures should be applied to which mapped feature collections?
Which generalisation operations should be applied?
Which generalisation algorithms should be applied?

Once the generalisation algorithms have been selected, the sequencing of their application has a big
impact on the final output. However, sequencing is a complex issue. It can be used to satisfy
dependencies or used for optimisation. A sequence can also be static (to solve a particular problem) or
dynamic (reacting to the effects of the last operation). But the ontology was not designed to provide
any answers to the sequencing problem which will be left to a workflow engine.
Once the scope of the ontology had been determined the next step was to enumerate the key terms in
the ontology (Noy and McGuinness 2001). Some of the key terms are highlighted in the following
paragraph.
For any given mapped feature collection it is necessary to identify the problem features (Figure 2).
This will be dependent on the target scale and will be identified by a number of measures. Measures
are selected based on the geometry of the mapped feature collection. For example, density will be a
relevant measure of congestion for features with any geometry; feature complexity will be a relevant
measure of imperceptibility applicable to line and area geometries only. The measure algorithm will
return a set of feature collections identifying features with a particular condition. The next stage is to
identify the generalisation operations (amalgamation, collapse etc.) that will remedy the condition.
We could make a direct connection between the geometric conditions and the algorithms that resolve
them, but by defining the generic operations we can use inference to make the connection. In addition

the operation concept is well-understood and is in common use in the domain (Regnauld and
McMaster 2007) where most algorithms are described by the generalisation operations they implement
(Li 2007). Since each operation can be implemented by a number of algorithms a further stage,
matching operations to algorithms is necessary.

Figure 2. Identifying problem features within the mapped feature collection
Once the key concepts have been identified then the classes and the class hierarchy can be created.
For some ontologies, design seems to stop after the definition of the class hierarchy and are strictly
speaking taxonomies rather than ontologies (Gruninger et al. 2007). However, ontologies allow us to
define “properties” (relations) between the individuals in classes. As with the definition of classes, the
definition of relations is not always an easy task. This can be highlighted if we consider the concept of
spatial relations. If an on-demand mapping system is to integrate thematic (user) data with base
topographic data then it is necessary for the ontology to understand the concept of spatial relations; for
example, the relationship between a bus route and the road network. At first it might seem obvious
that spatial relations should be modelled as properties of classes (Figure 3a) i.e. we are modelling a
relation using a relation. However, in OWL (the Web Ontology Language), properties have limited
characteristics. We can define an inverse property (the inverse of follows is isFollowedBy) or define a
property as symmetric (nextTo would be a symmetric property) but there is no way of adding attributes
to properties. Modelling spatial relations as properties also limits us to modelling binary relations so
we cannot model higher order spatial relations, such as the intersection of three different features. One
solution is to model spatial relations as classes (Figure 3b) but this makes the reasoning process more
complex.

(a)

(b)

Figure 3. A spatial relation modelled as a property (a) and a class (b). Classes are represented as ovals
and class/sub-class relationships as dotted lines. Properties are represented as solid lines.
The ontology design is a work in progress and will require further refinement as implementation is
attempted.
4. Implementing the ontology
The ontology has been developed in the Web Ontology Language (OWL) (Antoniou and van
Harmelen 2009) using the Protégé-OWL editor (Horridge 2011). As the ontology was built it could be
tested by issuing Description Logic queries from Protégé. For example, to determine the relevant
measures for point data the following query (in the Manchester OWL syntax) would be used:
MeasureAlgorithm and hasGeometry some PointGeometry
The ontology was populated with enough information for a use case that involved mapping road
accidents and the underlying road network.

Figure 4. The workflow for identifying which data needs to be generalised.

A Java application is being built using the Geotools library to visualise and manipulate the spatial
data, with the OWL API (Horridge and Bechhofer 2011) being used in conjunction with the HermiT
reasoner (Shearer et al. 2008) to interact with the ontology. The first stage of the process is
summarised in figure 4.
Once the feature collections that require some form of generalisation have been identified, the next
stage in the development will be to identify the generalisation operators that will be required to correct
the condition. For example, congestion of accident features can be resolved by amalgamating the
accidents into clusters. Once that has been achieved the algorithms that will implement the operators
will need to be identified.
5. Conclusions
The project has highlighted the difficulties of designing ontologies for decision making based on
abstract concepts. The design of the ontology is not yet settled and it was found that it could not be
developed in isolation of its implementation. This could be a consequence of how Protégé and the
OWL API view an ontology. The class is the primary object in the Protégé editor whereas the OWL
API views an ontology as a collection of axioms (Horridge and Bechhofer 2011). Further work is
required to determine the exact extent to which ontologies can be useful in on-demand mapping.
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