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To move beyond the current plateau in automated cartography we need greater
sophistication in the process of selecting generalisation algorithms. This is particularly so in
the context of machine comprehension. We also need to build on existing algorithm
development instead of duplication. More broadly we need to model the geographical context
that drives the selection, sequencing and degree of application of generalisation algorithms.
We argue that a collaborative effort is required to create and share an ontology for
cartographic generalisation focused on supporting the algorithm selection process. The
benefits of developing a collective ontology will be the increased sharing of algorithms and
support for on-demand mapping and generalisation web services.

1 Introduction
An ontology can be defined as a “formal, explicit specification of a shared
conceptualization” (Studer et al., 1998). The term “shared”, first introduced by Borst (1997),
implies that the knowledge encapsulated is consensual, without which the benefits of the
ontology are limited. This is why the development of any ontology has to be a collaborative
effort. Here we call for a collective effort to build an ontology for generalisation.
The proposal is to extend and broaden the work of Gould and Cheng (2013) where an
ontology was designed specifically to support the on-demand mapping of road accidents. The
aim is to collaboratively develop an ontology for the selection of generalisation algorithms.
Consider the number of algorithms that perform road network generalisation (Benz and
Weibel, 2013; Weiss and Weibel, 2013; ESRI, 2012; Li and Zhou, 2012; Yang et al., 2011;
Liu et al., 2010; Savino et al., 2010; Touya, 2010; Chen et al., 2009; Jiang and Claramunt,
2004; Thomson and Richardson, 1999; Mackaness, 1995). It requires a reading of the
literature to determine which of these is appropriate for a particular context. But if it is
difficult for humans to select an algorithm based on a natural language description then it is
even more so for machines. If the move to develop spatial data infrastructures based on web
services continues then there is a need to formalise algorithm knowledge to aid their
automatic selection.

2 Why develop an ontology of generalisation?
Although the results of generalisation are the results of manipulating geometric primitives,
those manipulations need to be based on the geographical context – not just user needs
(Mackaness, 2007). When mapping road accidents, for example, the road network cannot be
generalised without taking account of its relationship with the location and type of accidents.
For example, the generalisation of road network might lead to the removal of a minor road
that provides context for a group of mapped accidents; road accidents mapped without the
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road on which they occur are meaningless. Context is part of the semantics of a domain,
which can be “encapsulated, elucidated, and specified by an ontology” (Kavouras and Kokla,
2008, p10). In the domain of generalisation, the semantic relationships that govern
generalisation must be made explicit and formalised (Wolf, 2009; Dutton and Edwardes,
2006). In this example, the ontology would describe the semantic relationship between road
accidents and the road network. Over twenty years ago, (Nyerges, 1991) pointed out that
cartographers lacked the means to systematically document the knowledge required for
generalisation. The concept of ontologies provides that means.
Using an ontology to describe a domain can lead to intelligent knowledge retrieval
(Benjamins et al., 1998). In particular, if the ontology is formalised using logic, such as the
Web Ontology Language (OWL), automated reasoning is possible (Horrocks, 2013). The aim
is to develop an ontology that sufficiently describes the characteristics of generalisation
algorithms, the geographic features they operate on, and the context they operate in, such that
algorithms can be selected automatically. Such characteristics might include the effects the
algorithm has on the geographic features, such as a change in dimensionality or a reduction in
the number of features, and source and target scales. To express these characteristics, entities
such as Operator, Algorithm, Geometry, Feature Type and Feature Collection will need to be
encapsulated in the ontology. These entities will then be related using axioms such as
Collapse reduces Dimensionality.
It has been argued that every information system contains an implicit ontology and
making it explicit reduces conflicts between the ontological concepts and the implementation
(Fonseca et al., 2002). For example, two different algorithm programmers might have
different understandings of the concept of the amalgamation and thus create different
implementations that share the same name. The ontology can be used to describe
characteristics of each algorithm, the input features and the current context. If the
descriptions contain sufficient detail then the appropriate algorithm can be selected using its
characteristics and not its name.
The knowledge required for automatic generalisation is currently encapsulated either
formally and implicitly (Figure 1) in generalisation software such as agent-based systems
(Taillandier and Taillandier, 2012) or informally and explicitly, for example, in different
generalisation operation taxonomies (Roth et al., 2011; Foerster et al., 2007; McMaster and
Shea, 1992). Encapsulating that knowledge explicitly and formally in an ontology will allow
that knowledge to be shared, expanded and utilised by generalisation software for all forms of
map production and interaction. The formalisation of the description of the features we wish
to map will also lead to “smarter” data where the business logic is no longer held in the
software but with the data (Carral et al., 2013); how the features are described in the ontology
will determined how they are generalised.
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Figure 1 Classifying generalisation knowledge representations
Ontologies have also been used in generalisation by Kulik et al. (2005) to aid road line
simplification; by Dutton and Edwardes (2006) to represent the roles of geographic features
and semantic and structural relationships between features in a coastal region; by Wolf
(2009) to influence the aggregation and dimensional collapse of features; and by Lüscher et
al. (2008) to aid the recognition of terrace houses. However, none of these ontologies
described the process of generalisation; the identification, sequencing and execution of
generalisation algorithms. A collaborative effort is called for in the creation of such an
ontology.
For an ontology to be successful, if success is measured by its acceptance and use within
its target community, then the creation of the ontology has to be a collaborative process.
Indeed the development of an ontology - a shared conceptualisation - is intrinsically a
collaborative process (Groza et al., 2013). A collaboration will have a plurality of
stakeholders and is therefore more likely to lead to a sustainable ontology. However, in a
collaboration involving partners with potentially differing perspectives and goals, it is
important to define a clear methodology for the ontology development.

3 Methodology
The application of a methodology will provide structure to the process of building an
ontology and will ensure best practice (Hart and Dolbear, 2013). A number of ontology
design methodologies, which provide guidance on defining concepts and relationships, have
been developed but there is a lack of widely accepted methodologies, possibly because many
of them were developed for a particular application (Iqbal et al., 2013).
However, a number of criteria to aid selection of an ontology methodology have been
defined (Iqbal et al., 2013) and one important criterion is the support provided by the
methodology for collaborative construction, where different members of the team, even in
different geographic locations, can work simultaneously on different aspects of the ontology.
The much cited Ontology Development 101 guide of Noy and McGuinness (2001)is a
methodology in all but name. Their guide states that for an ontology to work effectively it
should be designed with a specific task in mind. It is necessary therefore to be clear about the
purpose of the ontology before the process of designing it is started. The aim of the proposed
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project is not the design of an all-purpose ontology but an ontology to aid the selection of
generalisation algorithms.
Many methodologies stress the importance of using existing ontologies and there has been
recent interest in “geo-ontologies” (Janowicz et al., 2012), which might be of use, particularly
when describing physical geographic concepts. However, the focus will be on those
characteristics of geographic features that effect their generalisation. Immaterial concepts
such as generalisation operator and algorithm will also need to be defined and it may be that
a set of related ontologies, developed by different partners but to a common template, will
need to be developed rather than a single ontology.
The open source webProtégé ontology editor (Tudorache et al., 2013) allows for the
collaborative development of ontologies and can be downloaded and installed on a server or
used via the Stanford University hosted version. Collaboration is supported by change
tracking, and a discussion forum for each class defined in the ontology (Figure 2).
Ontologies developed using webProtégé support the popular OWL 2 standard for ontologies
(Grau et al., 2008), which will be employed by the project.

Figure 2 The webProtégé interface
The webProtégé interface is specifically a tool for the knowledge engineer. It is important to
recognise the distinctly separate roles of the knowledge engineer and the domain expert and
the key collaboration is between these two roles. It might be possible for domain experts to
act as knowledge engineers (Denaux et al., 2011).

4 Evaluating and using the ontology
The evaluation of the ontology is seen as a key phase in several ontology development
methodologies (Sure et al., 2009; Grüninger et al., 2008; Fernández-López et al., 1997). We
propose a number of measures, of increasing complexity, to evaluate the ontology. Firstly, a
set of competency questions (Grüninger and Fox, 1995), which are proposed at the start of the
design process, can be used to evaluate whether the ontology meets requirements and act as a
justification for the ontology. In particular, the competency questions will help define the
scope of the ontology.
Once the competency questions have been answered to satisfaction the second stage in the
evaluation will be to use the ontology to capture the properties of a number of generalisation
algorithms described in the literature. Particular types of algorithm such as road network
generalisation or building amalgamation can be used as case studies. Line simplification
algorithms would provide a particularly interesting use case since there are a large number of
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competing algorithms, which often share very similar, but distinctly different, characteristics.
The ontology is evaluated by comparing the algorithm definitions; if any two algorithms have
exactly the same definition then their definitions need to be refined, possibly by introducing
new concepts and relationships to the ontology. It is also necessary to consider the fact that
some algorithms may implement multiple operators such as aggregation and simplification.
The next two evaluation steps will put the ontology to practical use, firstly by using it to
support web-based generalisation services.
For geospatial web services to be used effectively they require semantic interoperability:
“the ability of services to exchange data in a meaningful way and with a minimum of human
intervention” (Janowicz et al., 2010, p112). The standard for implementing geospatial web
services is the OGC’s Web Processing Service (WPS) protocol, which has been adopted by
the WEBGEN generalisation platform (Neun et al., 2013). The WPS protocol allows for a
natural language description of what the service provides but not the formal, machine
readable description required for semantic interoperability. Semantic interoperability allows
services to interact at a semantic level, not just a syntactic level.
The WPS protocol allows for syntactic interoperability, by requiring the formal definition
of the input and output parameters (specifying geometries, for example) but again the
semantics are missing; why should one building displacement algorithm be chosen over
another? The knowledge required to make such decisions can be formalised using an
ontology, but how can the ontology be integrated with generalisation web services?
One solution is to introduce a Semantic Enablement Layer (Janowicz et al., 2010), where a
Web Ontology Service injects semantics into both data and processing services (Figure 3).
The Web Ontology Service could be employed to maintain a shared set of generalisation
ontologies. In this depiction a separate ontology is used to describe geographic features and it
may be that a set of related ontologies will need to be developed rather than a single
ontology. There might, for example, be a separate ontology for describing spatial relations
(Touya et al., 2014). A Web Reasoning Service can then be used to search for an appropriate
generalisation service by using Web Ontology Language (OWL) queries. We suggest the
application of a Semantic Enablement Layer to the WEBGEN service (Dresden University of
Technology, 2014).

Figure 3 Semantic injection of data together with processing web services
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The final evaluation of the ontology will be to utilise it to support existing map generalisation
software such as an agent-based system. As stated earlier, much domain knowledge is
embedded in generalisation software systems and the formalisation of some of that
knowledge in an ontology can help make it shareable. Currently such systems are configured
to generalise familiar feature types such as roads, rivers and buildings at a fixed set of target
scales and their associated knowledge base has to be updated every time a new generalisation
algorithm is introduced to the system or when user requirements change (Taillandier and
Taillandier, 2012). If the knowledge required to generalise road accidents, for example, is
shared via an ontology, then such systems might become more flexible.

5 Conclusion
The aim of the project is to develop an ontology of cartographic generalisation.
Specifically, the ontology should contain sufficient knowledge to allow for the automatic
selection of generalisation algorithms. To achieve this, we propose the creation of a
consortium of partners, and collective agreement on a project plan to confirm the aims of the
project, define a methodology for developing the ontology, and define criteria for evaluating
the ontology. The ontology should build on previous attempts at formalising generalisation
knowledge such as for map specifications and constraints (Stoter et al., 2010; Burghardt et
al., 2007).
In this paper we have argued the need for a generalisation ontology for algorithm selection
of a form that supports machine reasoning, and thus higher levels of automation in the
delivery of web-based generalisation services. Such an effort would reduce redundancy in the
development of algorithms. More broadly this ambition reflects the need for ‘geographic
generalisation’ methodologies – i.e. algorithms sensitive to the geographic context of the
problem rather than just the geometric.
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