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Abstract 
New advances in spatial information technology have made available large amount of spatial 
data from different sources with different quality levels. Today, the important challenge for the 
scientists in geographical information sciences is how to integrate these data in order to 
respond to the new and emerging needs of the society for the higher spatial data quality. 
Modern and personalized applications of the geospatial data require efficient, interactive and 
on-the-fly data integration. Semantic similarity assessment plays a very important role in 
ontology and spatial data integration. This paper, reviews different methods for semantic 
similarity assessment and proposes a new logical based method in order to establish the 
necessary links between different ontologies. These links are then used in order to create a 
new ontology that will serve as basis for the integration of the spatial databases. For this 
study, we used the national topographic database of Canada and the topographic database of 
the Quebec province. Both of these databases cover the same geographical area. Most of the 
features in the databases are the same but, differences occur in the definitions of concepts, 
categories, classification, granularity and resolution, spatial relations, metric and topological 
constrains and etc. In this experimentation, the ontologies of the databases are formalised and 
represented in a knowledgebase then, a matching process proposed between the two 
ontologies and results were analysed in order to evaluate the proposed method for the 
similarity assessment of the concepts. Finally, further investigations are proposed in order to 
take in to account the ontology of the users in the integration process in order to guarantee the 
external quality of the integrated databases.  
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1 Introduction 
Recent advances in the spatial information technology and the increase in the number of 
spatial data sources available for the users emphasize the importance of spatial data integration 
and fusion. The data integration becomes even more important in the context of spatial 
decision making where a fast and effective processing of the available data are very important 
for a successful and timely decision making. There are different definitions for the data 
integration and fusion in the literature. Wald (1999) defines the data integration as a formal 
framework where different means and tools are defined for the combination of the data 
originating from different sources in order to obtain the information with a greater quality. The 
quality of a data set is determined by the fitness for use of the data set. This is referred as 
external quality of the data set which is the user vision of the data quality. In contrast, the 
internal quality of a data set is defined with respect to producer vision of the data quality and 
depends on different factors including data currency, genealogy, metadata, geometric and 
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semantic precisions and the logical consistency of the data set. These factors are called spatial 
data quality elements and should be considered for the evaluation of a data set. 

Each data set is produced based on some specifications. The specifications include several 
kinds of the information including the definition of each object in the data set, its relations with 
other objects as well as all the consistency constrains in the data set. However the diversity of 
the rules and the terminologies that concern geographic data complicate spatial data sharing, 
reuse, and spatial data integration and fusion. This diversity depends basically on our different 
perceptions and conceptualizations of the reality. The specification of different concepts is 
referred to as ontology (Guarino and Giaretta, 1995). In geospatial data domain, ontology deals 
with the totality of geospatial concepts, categories, relations and processes and with their 
interrelations at different resolutions (Mark et al., 2001). Therefore, in order to integrate data 
from different sources we need to study the ontology of each data set for an adequate 
unification of the different conceptualizations.  

The problem of heterogeneity in spatial databases may occur in semantic, syntax and structural 
levels of the spatial data from different sources. In two different databases, for example, 
objects with the same name may have different meanings. At the same time, it is possible that 
for the same concept, we find different names in two databases. In addition, the classification 
of objects may vary from one database to another.  An object may belong to a super class in 
one database and to a subclass in another one. Such problems can also be found within the 
spatio-temporal databases (ex. database representing forest stands). As time passes, changes 
may occur in semantic or in geometric levels of spatial data or both. In multidimensional 
databases, the heterogeneity problem may occur during the data aggregation process for 
temporal data bases. Summarizing data through different spatial data sets captured in different 
periods of time requires the establishment of necessary links between concepts from different 
periods of time. To deal with this heterogeneity problems, current information systems need to 
have an intelligent and efficient data integration/fusion capability in order to prepare the data 
for a given application.    

This paper reviews different methods of semantic similarity assessment and proposes a new 
logical based method in order to establish the necessary links between different ontologies. 
These links are then used to create a new ontology that will serve as basis for the integration of 
different spatial database. The reminder of this paper is as follows: In section two we introduce 
a framework for ontological fusion of different spatial database. In section three we discuss 
different approaches for the assessment of semantic similarity between different ontologies and 
a logical approach for ontological fusion of spatial databases is proposed. In section four a case 
study is presented and finally, the section five presents the conclusions and future works.    

2 A framework for ontological data fusion  
Integration of spatial data from different sources for diverse applications is increasingly 
important. There are several points that should be considered before the data integration 
process including the integration of the different ontologies of the available data sets and the 
quality of each data set. The framework that is proposed here in this paper is based on the fact 
that the achievement to a greater data quality, which is the ultimate objective of the data 
integration, is not possible without the necessary information on the quality of each spatial data 
set. Hence, we need to evaluate the quality of each data set prior to the data integration 
process. 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 687

Figure 1 presents different steps for the integration of two spatial databases that cover the same 
region. Here, we consider that we have enough knowledge about the ontology of each data 
source and we consider that each data source is created based on some norms and 
specifications defined by their producers. The first step in the proposed method is to evaluate 
the ontological consistency of each data source. Mostafavi et al. (2004) proposed a logical 
approach for ontological consistency of spatial databases. In this approach, the ontology is 
formally represented in a logical language (Prolog). The resulted knowledgebase is mainly 
composed of two main logical clauses; the facts and the rules. The facts represent the 
information on the spatial concepts, categories, and the taxonomy of the spatial concepts as 
well as the spatial relations between the concepts. The rules are defined based on facts and are 
satisfied if the facts that compose the rules are true. In the knowledgebase for consistency 
study of the ontology, the inconsistency rules are defined based on the facts and determine the 
undesirable relations that should not exist in the ontology of the spatial databases. The 
querying of the knowledgebase allows determining the inconsistencies in the ontology which 
should be removed by using an appropriate revision method. 

 

 
Figure 1 Proposed ontology based spatial data integration/fusion framework. 

Following this process, the quality of each data set is evaluated with respect to its own 
ontology. In the proposed framework, a data set should be formally represented and added to 
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the existing knowledgebase formed by ontologies. Then, new consistency rules should be 
defined in order to verify if the data set is produced following the norms and specifications 
given by the producers or not. Otherwise, the inconsistent data should be eliminated from the 
data set by defining an appropriate revision strategy. Even though, some producers may 
tolerate some errors in their product (ex. 1% of error in topological relations in the National 
Topographic Database of Canada) which is acceptable for some applications, but the effect of 
thepropagation of these errors during the data integration process should betaken into account. 

At the end of the steps one and two of the proposed framework, the consistency of the 
ontology and the available data set for each data sources is evaluated and appropriate measures 
are taken for the correction of the inconsistencies in the both levels (Figure 1). In the step 
three, the main task is to create the necessary links between different ontologies. The 
heterogeneity of the ontologies reflects our different perceptions of the same reality. Solving 
this heterogeneity is a very difficult task. Most available approaches for the mapping and the 
integration of different ontologies are manual, non systematic, ad-hoc solutions and often lead 
to an incomplete and low quality integrated data (Kavouras, and Kokla, 2000; Kavouras, 
2003). The mapping process for the ontologies is focused on the definitions of the concepts 
and their semantic relations. This leads to a comprehensible interoperability between different 
ontologies. Mapping of the ontologies have to be done prior to a complete integration of the 
ontologies that is the main focus of the step five of the proposed framework. Finally, an 
evaluation of the consistency of the new ontology must be carried out. This can be done 
following the same process described in the step one. 

Data integration and quality evaluation are final tasks in the last step of the proposed 
framework. The integration will be ontology-based. The evaluation of the quality of the 
integrated data will be measured firstly with respect to the newly created ontology and then the 
external quality (fitness for use) of the data set will be evaluated by considering the user needs. 
In the case where the integrated data does not correspond to the user needs, additional data sets 
will be considered in the data integration presses. The mapping between the ontology of a data 
bases and the ontology of the user needs can be also considered in the final step of the 
proposed framework. 

3 Semantic similarity assessment between different concepts   
The first step towards ontology fusion is the mapping between the concepts from different 
ontologies. Mapping between ontologies is a well known problem in knowledge engineering. 
Several approaches including the defined mapping such as the method used in KRAFT (Preece 
et al. 1999), the lexical relations method (synonym, hyponym, overlap, covering, disjoint, etc.) 
as implemented in OBSERVER (Mena et al. 1996) and the semantic correspondence approach 
are used for the for this purpose. The latter approach which preserves semantics of the 
concepts has been explored by several authors in recent years (Rodriguez and Egenhofer 2003; 
Kuhn, 2003; Kashyap and Sheth, 1996).  

There are two main strategies in ontology fusion and semantic similarity measurements. In the 
first approach different ontologies are integrated first and then semantic similarities between 
different concepts are measured (Bishr 1997). In the second approach semantic similarity is 
measured between separate ontologies and then ontologies are integrated. In the other word, in 
the later approach the similarity links between concepts from different ontologies are 
established first while keeping the ontologies independent from each other. The common point 
in these approaches is the establishment of the links between different concepts using their 
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semantics. Here, we consider that each concept in the ontology has a clear definition that 
distinguishes the concept from the other concepts within the same ontology. Rodriguez (2000) 
distinguishes three classes of models for semantic similarity assessment between different 
concepts. These methods are: 

1. Models based on features where similarity is assessed in terms of properties and 
roles of the concepts such as functions and attributes (used in cognitive psychology). 

2. Models based on semantic relations where semantic networks (graphs) are used for 
similarity measurements. These relations include is-a, part-of and whole-of etc (used 
in computer science). 

3. Models based on contextual representation of words within sentences such as 
synonymy and polysemy (used in cognitive linguistic). 

Regarding to the proposed framework in this paper, each ontology is formally represented in a 
knowledgebase (Mostafavi et al. 2004 and 2002) in the form of facts and rules. The first stage 
of this formal representation is to provide a basis for consistency evaluation of the ontology. 
The knowledge bases created from the ontologies can be then combined and form a single 
knowledgebase. This is the first step towards the integration of different ontologies.  

Within the knowledge base the concepts, their description, properties and relations are 
formally represented in the form of facts and rules. A rule is specified in the form head :- 
body. The sign :- is read as 'if'. The head of a rule describes what fact the rule is intended to 
define. The body of the rule is a goal or a conjunction of goals that must be satisfied for the 
head to be true.To initiate computations in Prolog, one needs to query the knowledge base. 
Processing occurs by backward chaining (Figure 2). In order to assess the similarity between 
different concepts in Prolog, the similarity rules based on the three categories of methods for 
similarity measurement (feature-based, semantic relation based and contextual based methods) 
are defined and integrated to the knowledgebase.  
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Figure 2 Back chaining operation in Prolog for similarity assessment of the concepts. 

In a proposed backward changing, different facts including the name, description of the given 
concept, its properties and attributes and its categories and classifications are compared within 
a more general rule with the name, description, properties and attributes of another concept. 
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The total similarity indicator is evaluated based on the number of the facts that are common 
between the compared concepts. Based on this indicator decisions are made regarding to 
adoption of one or both of the concepts in the new ontology. in the following section we 
present a case study that considers to different databases covering the same geographical space 
and that have different ontologies. 

4 Case study 
For this study, we used the national topographic database (Geomatics Canada 2002) and the 
topographic database of Quebec province (BDTQ) in Canada. Both of these databases cover 
the studied region meaning that most of the features in the databases are the same. But, 
differences occur in the definitions of concepts, categories, classification, granularity and 
resolution, spatial relations, metric and topological constrains and etc. in the first step and 
based on the framework proposed in this paper, the ontology of the NTDB and BDTQ were 
translated to Prolog and formally presented in a common knowledgebase. in the first database 
(NTDB), the ontology is mainly composed of the spatial concepts, their description, categories 
(themes), their taxonomy (ex. hierarchical relations between themes, entities and the sub-
entities or combinations of allowed attributes as described in the norms and specifications of 
the NTDB) as well as the spatial relations that are defined based on the semantics of the 
concepts. The ontology of the BDTQ on the other hand, is composed of the concepts, their 
definitions and their taxonomy but spatial relations between concepts are not explicitly 
described in BDTQ as we find them in the NTDB.      

Another major issue in integrating concepts from these two databases is the languages in 
which these concepts are described. The NTDB is created both in English and French. But the 
BDTQ is only in French. Describing complex concepts such as the spatial concepts in two 
languages can created some differences in semantic level as our definition and understanding 
of the reality depends on several parameters including the cultural and social factors (Peng and 
Nisbett 1999). Therefore, one can detect differences between the given definitions for the same 
concept in two different languages. Table 1. gives an example of the definitions for the concept 
“Dam” in English where it is described as “a manmade structure across a waterbody or 
watercourse to control the water flow”. In this description the concept “waterbody” and 
“watercourse” are used which have explicit definitions in the NTDB which is different from 
the definition of the “voie d’eau” in French. Hence, it is important to consider the impact of the 
translation of the ontology in a language other than the original language of the ontology that 
can result in different semantic measures in different languages. 

Table 1 Example of the language dependent in the translation of the concepts (waterbody vs. ‘voie d’eau’).  

Concept English French 

Dam (English term) 
Barrage (French term) 
 

A manmade structure built across a 
waterbody or 
watercourse to control the water 
flow. 

‘Structure aménagée par 
l’homme à travers une 
voie d’eau pour en contrôler le 
débit’. 

 

Concerning the ontologies of the two databases, links must be made in different levels.  Figure 
5 compares the ‘Hydorgraphy’ them in the NTDB and the BDTQ. For this comparison we 
have translated French terms in the BDTQ and used the English equivalent terms. We can see 
from the figure that there are some concepts such as ‘Fall’ in both ontologies. But, for the 
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concept ‘Lake’ in BDTQ there is no exact equivalent term in the ontology of the NTDB. Here 
are the exact meanings of the concept “Lack” and its equivalent concept “waterbody” from the 
NTDB. 
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Figure 3 mapping the concepts based on semantic similarities. 

 NTDB:  Waterbody: A surface of water, including rivers 
 BDTQ:  Lack: a surface of water surrounded by ground 

One can see from these definitions that a waterbody is a more general concept than a lack. This 
implies that all the lacks are waterbodies but not all the waterbodies are lacks. On the other 
hand, if we consider that lacks are waterbodies, then they must respect the explicit spatial 
relations that are defined in the ontology of the NTDB with the other concepts such as “Dam”. 
We can also see from the Figure 3 that it is possible that some concepts in the BDTQ from the 
same level correspond to two different levels of the taxonomy of the NTDB. For example lack 
can be considered as waterbodies which correspond to the second level of the taxonomy in the 
NTDB but flooded area in the BDTQ corresponds to the flooded area in the third level of the 
taxonomy in the NTDB. The concept “Rapid” in the BDTQ can be either considered “Rapid” 
or “Rapid on watercourse” in the NTDB ontology. Finally, there are concepts such as “Island” 
in the BDTQ which does not correspond to any concept in the NTDB.   

There are some other important issues that must be considered in the integration of the 
ontologies. One of these issues is some rules in the ontology of the NTDB that can be 
considered as scale dependent constrains. For example: the minimum area value for a 
waterbody to be represented in NTDB is 500 m2 whereas in a larger scale database as in the 
BDTQ, lacks with smaller surfaces can be admitted in the database. Hence, in the mapping of 
the ontologies, minimum values in each ontology should be considered and appropriate value 
must be adapted with respect to users need. In the other word, the integration of the ontologies 
of different databases can not be completely adequate if we do not consider the ontology of the 
user in the global process. 
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Applying the proposed qualitative and logical-based method for similarity assessment of the 
concepts for ontological integration has demonstrated several advantages. The integration of 
new information to the knowledgebase is easy and can be done on the fly. On the other hand, 
definition and manipulation of the similarity rules can be done using a qualitative rather than 
quantitative approach where the loss of some useful information is inevitable. The 
knowledgebase can be completed in the case where another data source is necessary for the 
user’s needs. Finally, the consistency of the integrated ontology can be guaranteed with the 
consistency rules defined in the knowledgebase. 

5 Conclusions  
Integration of the spatial data from different sources is a very important issue for the data 
analysis and decision making process. For effective data integration, the integration of the 
ontologies must be considered as the fundamental step for data integration. Hence, the 
necessary links must be made between the ontologies before the integration of the data. These 
links need to be done by semantic similarity assessment. In this paper we proposed a logical 
approach for the integration of different ontologies. First an integrated knowledgebase is 
created by a formal representation of the different ontologies. Then semantic similarity rules 
are created based on the semantic similarity assessment of different concepts from the two or 
more ontologies. The proposed qualitative approach demonstrated several advantages 
including the ability to manipulate and update the logical rules in the knowledgebase as well as 
user friendly representation of the ontologies within the knowledgebase. 

Further investigations are needed in order to implement and test different approaches regarding 
the semantic similarity assessment between different concepts in the knowledgebase. On the 
other hand, we will investigate the possibility of integrating the user ontology in the 
knowledgebase in order to create an ontology that will ensure the external quality of the 
integrated data set which is the main objective of the data integration process.    
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