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Since 1990, municipal, state/provincial, and federal governments have developed numerous 
geographic databases over the years throughout the World. These geographic databases were 
defined to fulfill organizations’ specific needs. As such, same real world topographic phenomena 
have been abstracted independently and differently, for instance vegetation 1, trees , 
wooded area , wooded area , milieu boisé , zone boisée (unknown geometry) (BC 
Ministry of Environment Lands and Parks (Geographic Data BC), 1992; Natural Resources 
Canada, 1996; New Brunswick, 2000; OBM, 1996; Québec, 2000; VMap, 1995). Today, 
information about these geographic phenomena is accessible on the Internet from Web 
infrastructures specially developed to simplify their access (e.g. NSDI in United States, CGDI in 
Canada, GDI-DE in Germany). In order to meet their specific needs, users needs to aggregate 
geographic data coming multiple databases into coherent sets, which still cause many problems. 

Early in the nineties, standardization bodies (e.g. OpenGIS Consortium Inc., ISO/TC 211), the 
research community, and the industry in geographic information undertook the development of 
interoperability of geographic information to solve problems of sharing and integration. More 
specifically, they aimed at solving syntactic, structural, and semantic heterogeneities as well as 
spatial and temporal heterogeneities between geographic data (Bishr, 1997; Charron, 1995; 
Laurini, 1998; Ouksel and Sheth, 1999; Sheth, 1999). Today, considerable progress has been 
made regarding syntactic and structural heterogeneities (Egenhofer, 1999; Ouksel and Sheth, 
1999; Rodriguez, 2000), (e.g. ISO/TC 211, 2003a; ISO/TC 211, 2003b; ISO/TC 211, 2003c; 
Open GIS Consortium Inc., 2001). Nevertheless, the semantic issue must also be taken into 
consideration in the solution to claim complete interoperability of geographic information. A few 
models, such as the Semantic Formal Data Structure (Bishr, 1997), the Matching Distance model 
(Rodriguez, 2000) and the Isis solution (Benslimane, 2001), have been proposed to increase the 
interoperability of geographic data. However, we found necessary to develop a conceptual 
framework for geographic data interoperability (Brodeur, 2004), which is based on the human 
communication process, cognitive science, and artificial intelligence (e.g. ontology (Gruber, 
1995)), to better understand where each contribution applies as well as to foster new ones. 
                                                      
1 Spatial pictograms description: :0D ; :1D ; :2D ; :multiple geometry ; : alternate geometry (see Bédard, Y, et 
M-J Proulx 2002 Perceptory Web Site. WWW Document, http://sirs.scg.ulaval.ca/Perceptory) 



Furthermore, we developed a reasoning methodology called geosemantic proximity to evaluate 
the semantic similarity between geographic abstractions, which is consistent with common 
spatial analysis methodologies used in the geographic information realm. This approach could 
also be used with other types of information. 

Our conceptual framework develops geographic data interoperability based on a communication 
process between human beings, thoroughly discussed in the literature (Bédard, 1986; Blake and 
Haroldsen, 1975; Schramm, 1971; Sowa, 1984; Weiner, 1950), and takes into consideration the 
semantic issue. In interoperability of geographic data as in human communication, a user agent, 
which wants information about a given geographic phenomenon (e.g. street) within a specific 
geographic area, sends a request to a data provider agent using its own vocabulary. When the 
data provider agent receives the request, he/she/it begins the recognition or the interpretation of 
the request based on its own knowledge and vocabulary. When he/she/it has recognized the 
request –i.e. assigned a meaning to the request, then he/she/it gathers the data that answers the 
request and sends it back to the user agent. When the user agent receives the answer, he/she/it 
must verify if the answer complies with its original request. If so, then interoperability happens 
between the two agents. As you can see interoperability is here presented has a bi-directional 
communication process between the two agents, which can exchange information in an 
interoperable manner. 

In this framework, we use two different types of geographic phenomenon abstractions: 
geographic concepts (also called geoConcepts) and geographic concept representations (also 
called geoConceptReps). A geoConcept constitutes an agent’s knowledge element (i.e. an 
element of its ontology), which is able to recognize geoConceptReps corresponding to it as well 
as to generate geoConceptReps from itself. A geoConceptRep constitutes data about a 
geoConcept that an agent uses to interoperate with another. GeoConcept and geoConceptReps 
are made of intrinsic and extrinsic properties. Intrinsic properties describe the literal meaning of 
a geographic phenomenon whereas extrinsic properties provide meaning because of the 
interaction of the geoConcept or the geoConceptRep with other geoConcepts or 
geoConceptReps. Together, intrinsic properties and extrinsic properties provide a description of 
the context of a geographic phenomenon. Geosemantic proximity is here defined as the 
intersection of the context of a geoConcept with the context of a geoConceptRep. It is developed 
using a four-intersection matrix between the respective intrinsic and extrinsic properties of the 
geoConcept and the geoConceptRep in order to assess their semantic similarity and difference. 
Accordingly, 16 predicates are derived to qualify the nature of the geosemantic proximity. 

Based on our conceptual framework, we have developed a prototype called GsP prototype using 
software agents (Nwana and Wooldridge, 1996) programmed in Java™, which communicate in 
XML, to determine the significance of our frameworks as well as of our notion of geosemantic 
proximity. The prototype has been tested using different data product specifications, which 
provided a list of topographic features of each geographic database with their inherent semantics, 
serving as application ontologies. 

This paper aims at presenting the details of our framework for geographic data interoperability as 
well as our prototype. It will show the different types of abstractions involved in interoperability 
and where ontologies and geosemantic proximity specifically applies in the context of 
interoperability. Finally, it will demonstrate how software agents can interoperate using their 
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own vocabulary to express their own abstractions. We foresee that the results of this work can 
support Web services in the interpretation of requests about geographic information in the user’s 
vocabulary, as well as to support client software and applications in the interpretation of the data 
delivered in the data provider’s vocabulary. 
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