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Abstract- A process that integrates data mining as a part of the 

need to incorporate knowledge to pre-existing ontologies is 

presented. Thus, ontologies are extended with logical propositions 

that lead to the generation of spatial axioms, which allow 

developing applications with biomedical geographical information. 

In particular, this article presents the spatial extension of the 

GeOntomex ontology to include public health services. The 

resulting ontology named GeoHealthOntoMex, could give more 

accurate answers to queries’ users requiring a specific medical 

service located at a specific geographical area. 

Keywords—semantic web, ontologies, data mining, spatial 

biomedical data. 

I. INTRODUCTION 

Knowledge discovery [1] in databases is defined as the 

extraction, not trivial, previously unknown information, 

where you can identify trends and behaviors, i.e. discover 

relationships in databases. This process is derived from the 

variable selection, techniques, algorithms, and interpretation 

of results. 

Ontologies have been developed to cover the areas of 

knowledge sharing and discovery of information about a 

particular domain. A geospatial domain that makes 

inferences based on ontologies and generates information 

relevant to the user addresses: the approach is grounded in 

solving geo-spatial environmental problems, stemming from 

the same ontology. Sometimes the use of multiple 

ontologies in one domain provides a more refined 

conceptualization, since concepts are collected from 

different sources. This project created a standardized geo-

spatial data in a unified global network system and thus set 

methods to discover, access and use this information to 

develop. 

The use of ontologies as a model for re-presentation of 

knowledge supporting applications those allow specialized 

searches. GeOntoMex [2] is ontology for disambiguation of 

place names in which operations can be performed between 

the spatial data repre-sitting for points, lines and polygons. 

The basic idea is to exploit the properties offered by the 

hierarchy of ontology, incorporating roles and relationships. 

From the creation of the GeOntomex [2] ontology have had 

a better understanding of the application domain. Then, the 

relation between ontologies and data mining can be 

analyzed from the following perspectives: 

• From Ontologies to Data Mining, incorporate knowledge 

into the process by the use of ontologies, that is, as the 

experts understand and perform analysis tasks. 

Representative applications include intelligent assistants to 

the process of discovery, interpretation and validation of the 

extracted knowledge. In this case the role of ontologies is to 

provide resources and description of services. 

• From Data Mining to ontologies, we include domain 

knowledge in the input or use ontologies to represent the 

results. 

Figure 1 shows a proposal of relationship between 

knowledge elements in context, this includes metadata that 

could come from ontology. In the case of our proposal, the 

ratio of components allows the generation of knowledge 

based on data mining and ontology. The database is defined 

by points of interest to the public, in the service sector may 

require a person, such that medical services. The ontology 

GeOntomex includes states and municipalities which relate 

directly to the places in a geographic context, where medical 

services that a person may require can be found. 

 

Figure 1. Relationship between elements in the context of knowledge 

generation [3] 

 



II. GEONTOMEX 

Although existing ontologies as GeoOWL [1] provide a 

good framework for spatial information in general, there has 

been an assessment of the extent to which existing 

ontologies deal with spatial information. In such ontologies 

spatial characteristics may be indicated by only a place 

name or a place name with some additional data (for 

example, the name of the place to which it belongs). 

 Other ontologies provide abstraction schemes, i.e. spatial 

relations and organization of information. GeOntomex is a 

spatial ontology of Mexico developed at the Faculty of 

Computer Science of the Autonomous University of Puebla, 

whose characteristics are shown in Table 1. 

Classes are the basic units of ontology being 

Geographic_Structure and Geographic_Extension super 

classes [2]. Relationships between classes and subclasses, 

also involve the creation of instances, for example, Federal 

Entity class for the 31 states belonging to Mexico were 

instantiated. A simplified picture of GeOntomex is shown in 

Figure 2. 

TABLE I. GEONTOMEX ESPECIFICATION 

Feature Definition Name Description 

Class 

hierarchy 

A class is a set of objects that 

describes concepts of a 

domain.  

Geographic

_ Extension 

Geographic

_ Structure. 

Super_classes. 

Data 

properties 

The objects are described by 

set of features or attributes 

which are stored in slots. 

Latitude 

and 

Longitude. 

Entities 

properties. 

Instances Objects are members of a 

class can be grouped into 

classes. 

2483 For each place 

name 

(toponym). 

Relationships Between concepts are 

established to represent their 

interactions. Defined by: R: 

C1x C2x...x Cn 

Instance of 

Temporal & 

Topological 

relationships 

Spatial 

connections 

between 

concepts. 

Axioms Elements that allow the 

modeling of truths that are 

defined from a proposition. 

nearby(A,B):

=cross(A,B) 

∨inside(A,B)

∨touch(A,B) 

Related to 

spatial 

ambiguity 

where A, B, C 

are instances 

(place names) 

Ontologic 

manager 

Ontology editor and 

knowledge-based framework. 

Protégé 

V3.3 

Classes and 

instances 

manager 

Ontologic 

reasoner 

Is a knowledge 

representation system that 

implements a highly 
optimized tableau calculus 

for very expressive DL 

RacerPorter 

V2.0.Pellet

patiall 

Consistency 

verifier   

 

Figure 2. GeOntomex 

III. REASONING: PELLETSPATIAL 

PelletSpatial [4] supports the qualitative spatial reasoning 

based on the Region Connection Calculus (RCC-8) [5]. This 

alternative semantics preserving translation of RCC 

relations to OWL-DL axioms of classes, using a path-

consistency algorithm to check the consistency of axioms 

set defined in RCC-8. This reasoning supports the 

consistency check and SPARQL queries answering on a set 

of spatial and non-spatial semantic relations. At work, 

implementing proof of concept was made for the translation 

of RCC-8 relations OWL-DL to the class axioms. The 

reasoner RacerPro despite supports spatial reasoning has 

limitations. PelletSpatial is a hybrid reasoner which contains 

two separated reasoners, spatial and non-spatial, depending 

on the data you enter for reasoning or query. The Protégé 

tool defines a proven PelletSpatial RDF / OWL vocabulary 

to express qualitative spatial relations. The component 

ProtegePelletSpatial strictly separates the spatial reasoning 

of OWL-DL semantic reasoning because it uses a unique 

reasoning for each calculation. The RCC relations are 

managed as a network of restrictions RCC, while relations 

between OWL-DL are managed by the Pellet knowledge 

base.  

 

 

 



IV. AXIOMATIC EXTENSION 

In the project we are using a variety of data related to 

general health services offered in the country, whi

from general hospitals, self-help groups, medical 

laboratories, childcare services, to specialized medicine 

listed, among others. These data were extracted from 

DENUE (National Statistical Directory of Economic Units) 

of INEGI. Also it has a database, in format .owl ontology

with instances of Mexico related to states, municipalities 

and localities. They have approximately 300, 000 data 

tuples from entities such as shown in Figure 3

classes’ hierarchy. 

 

Figure 3. DENUE Health services database

These instances are described by a set of characteristics

attributes which are stored according to the latitude and 

longitude of an element. Also a relationship between a

of "service" and a "Public or Private Sector" 

this being of great importance, because certain types

people in Mexico have the opportunity to treat a

government agency, which means, public service or in a 

private service. It is important to know this information

since the patient can choose to be a government agency

costs are reduced so significantly. However, there are

services that are not offered in public facilities 

why a patient has to resort to a private institution.

Data services are in sql format, which serve as a database 

for generating prior knowledge using 

techniques. The idea is to provide feedback for Geontomex 

ontology database, i.e., all information with respect to 

In the project we are using a variety of data related to 

general health services offered in the country, which range 

help groups, medical 

laboratories, childcare services, to specialized medicine 

listed, among others. These data were extracted from 

ry of Economic Units) 

format .owl ontology, 

with instances of Mexico related to states, municipalities 

They have approximately 300, 000 data 

as shown in Figure 3, which is also 

 

Figure 3. DENUE Health services database 

a set of characteristics or 

the latitude and 

a relationship between a kind 

" is highlighted, 

certain types of 

treat a disease in a 

public service or in a 

know this information, 

government agency; the 

However, there are some 

in public facilities and that is 

te institution. 

format, which serve as a database 

 data mining 

techniques. The idea is to provide feedback for Geontomex 

ontology database, i.e., all information with respect to 

states, municipalities was moved to the same ontology. 

Likewise, the properties shown in Figure 4

axioms generation, also were developed in Geontomex

Figure 4. GeoHealthOntomex

The axioms are described in Table 

element is incorporated in the ontology according to its 

properties, it can be automatically classified. Thus, after 

launching a query, this can throw us detail information 

according to programming properties.

TABLE 2. HEALTHGEONTOMEX AXIOMS 

Axioms 

 

OWL Definition

-Geontomex: 

borders is a simetric 

property (if country 

A border country B, 
then country B also 

borders A) 

Geontomex:borders 
 

-Geontomex: 

isLocateIn is a 

functional property 

since it connects a 
city to a country (a 

city canot be in w 

countries) 

Geontomex:isLocatedIn
 

-Geontomex: 

containsState is an 

inverse property of 

Geontomex: partOf 
(If state A is part of 

country B then B 

contains state A) 

Geontomex:containsState
owl:inverseOf geo:isPartOf

 

-Geontomex: 

nearbyCountry 

connects the city 
with country’s 

neighbors that the 

city isLocateIn 

Geontomex:nearbyCountry

owl:propertyChainAxiom(geo:isLocatedIn 

geo:borders) 

 

All work was verified with RacerPro and PelletSpatial, 

obtaining satisfactory results in the consistency of the 

ontology. We are working on de

assertions in directional spatial relationships. Examples of 

such assertions are shown in Table 3

municipalities was moved to the same ontology. 

the properties shown in Figure 4 that lead to the 

developed in Geontomex. 

 

ntomex’s properties. 

he axioms are described in Table 2; this allows when an 

element is incorporated in the ontology according to its 

properties, it can be automatically classified. Thus, after 

launching a query, this can throw us detail information 

according to programming properties. 

OWL Definition 

Geontomex:borders �owl:SymetrycProperty 

Geontomex:isLocatedIn�owl:functuionalProperty 

Geontomex:containsState�owl:objectProperty;  
owl:inverseOf geo:isPartOf 

Geontomex:nearbyCountry� owl:ObjectProperty;   

owl:propertyChainAxiom(geo:isLocatedIn 

RacerPro and PelletSpatial, 

obtaining satisfactory results in the consistency of the 

ontology. We are working on developing inferential 

in directional spatial relationships. Examples of 

assertions are shown in Table 3. 



TABLE 3. SPATIAL AXIOMS 

INFORMATION INFERENCE   CONSISTENCY EVALUATION  

If DF is west of Puebla and the 

General Hospital of Mexico is in 

DF THEN the General Hospital of 
Mexico is west of Puebla. 

If DF is west of Puebla and the 

General Hospital of Mexico is in 

DF THEN the General Hospital of 
Mexico is west of Puebla. 

 

IV. CONCLUSIONS 

Nowadays, knowledge is highly relevant in organizations. 

The incorporated knowledge from the application domain 

and technical knowledge, improves the outcome of the 

induced models in the data mining process. The inclusion of 

the Ontology Engineering in the discovery process, allowed 

us to integrate data mining techniques to improve the 

quality of the discovered knowledge.  

A process that facilitates the generation of knowledge based 

on the interaction of ontologies with mining knowledge was 

introduced. In particular, geospatial ontology GeOntomex 

was extended through the development of topological 

spatial axioms. We are currently working on the 

development of directional spatial axioms. The inferred 

information resulting from the application of axioms in the 

ontology includes ensuring consistency through the same 

reasoning SpatialPellet. 
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