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Abstract. Many types of information are geographically referenced and interac-
tive maps provide a natural user interface to such data. However, the process to
access and recover spatial data presents several problems related to heterogenei-
ty and interoperability of the geo-information. We propose the Tourism Onto-
Guide-Web Application (TOGWA), which is a web-mapping system focused
on retrieving geo-information by means of spatial ontologies and representing it
on the Internet. Moreover, a Multi-Agent System is proposed to deal with the
process related to obtain the tourist geo-information, which aids in the informa-
tion-integration task for several nodes (geographic sites) that are involved in this
application. The agent system provides the mechanism to communicate different
distributed and heterogeneous Geographical Information Systems and retrieve
the data by means of GML description. Also, this paper proposes an interopera-
bility approach based on spatial ontologies matching. The matching is performed
by the Multi-Agent System in every node considered in the application. The re-
trieval mechanism is based on encoding the information in a GML description to
link the spatial data with the ontologies that have been proposed. TOGWA is a
web-mapping system that is composed by two tiers: Client tier and Spatial Data
Server tier, it offers an efficient and user-friendly interface to the clients.

1 Introduction

Maps are being used increasingly in local, networked and mobile information systems
for communicating geographically referenced information. This has become possible
because of the now relatively widespread availability of digital map data and develop-
ments in Geographical Information System (GIS) technology. The applications are
widely ranging including local government planning, environmental monitoring, mar-
ket analysis, navigation and public access to information [1].

Interaction with a digital map is typically based on a cycle of elicitation of user input
via menu and dialog boxes, selection of map areas or features, and return of informa-
tion, which may in turn induce modification to the map content. The maps themselves
are often close replicas of traditional paper map cartography. The approach is to be
found in many commercial GISs and is now being reflected in mapping applications on
the Internet.
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Developments in human computer interaction with regard to information retrieval
and data visualization raise the question of whether the conventional approach can be
improved. Certainly, there is a motivation to investigate new methods, since the current
map interface, particularly on the Internet, often suffers from poor legibility of symbol
and text, unnecessary user actions and inadequate adaptation to user interests [1].

Nowadays, the spatial databases are very useful and powerful tools to handle, dis-
play, and process the geographical information. These databases integrate GISs, which
are composed to store and process spatial data. To solve some ambiguities in the spa-
tial data processing and interpretation, the geo-information should have good quality
from the input to the representation. The “adequate™ representation of spatial data is
crucial for improving the decision making process in different environments [2].

In this paper, we generate spatial ontologies based on the spatial semantics, which
can be used to represent geographical objects by means of concepts (“not words”).
Such spatial data conceptualization aims to compress the data and facilitate the know-
ledge discovery into spatial databases (SDB).

Up-to-date GISs do not extensively explore the spatial data semantics. To develop a
spatial semantic theory is a great challenge in the new trends of Geocomputation field.
Thus, the spatial analysis can use alternative methods to represent spatial data. This
data representation jointly with the semantic rules - both based on data semantics - can
be stored in a knowledge-base to generate new concepts that form the spatial ontolo-
gies. These concepts are defined by the properties and the behavior of geographical
objects and explored by human experience. In general, we seek to correctly represent
geographical objects for their subsequent processing [2, 3]. For instance, to retrieve
spatial data from different SDBs and to represent them in the TOGWA.

In our proposal, the first step to generate the spatial ontologies is to obtain the spa-
tial semantics of the geographical objects. By obtaining this definition, we can gener-
ate the spatial ontologies to rely on centralized ontology databases, which are stored in
relational database systems. The emergence of Extensible Markup Language (XML)
and Geographic Markup Language (GML) allows the ontology metadata to be embed-
ded in the encoded web document, facilitating semantic matching by retrieval spatial
concepts.

We propose a Multi-Agent System (MAS) to perform the communication between
the different spatial databases. Although the encoding agents may still refer to centra-
lized ontology databases during the encoding process, the spatial databases can also be
encoded in GML because of its openness. Like many systems, we propose a Spatial
User Interface Agent (SUIA) in TOGWA to make use of ontologies to validate user
inputs and to capture the requests for retrieving spatial data by means of “concepts”. In
addition, the SUIA works in a web browser providing an easy-use web user interface
for online geo-information retrieval. SUAI is characterized by the following features:

Handle spatial data.

Retrieve spatial data by means of concepts, considering the spatial subject do-
main.

Perform spatial queries according to the generated spatial ontologies.

Generate new geo-information making spatial analysis.

In this application, the spatial data are associated with different concepts, provided
by the spatial ontologies. Moreover, an agent is considered to make several processes,
which are divided into different tasks. The tasks that we are considering to it are the
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following: representation of geographical phenomena, capability of communicating
with the spatial data (different SDB), access to the spatial ontologies, and retrieval of
the GML definition according to the user query.

The rest of the paper is organized as follows. In Section 2 we describe the Multi-
Agent System proposed to perform several tasks in the application, and the spatial
ontology to retrieve spatial data. In Section 3 we present the architecture of the
TOGWA web-mapping application. The implementation of the prototype is shown in
Section 4. Section 5 shows the preliminary results obtained by TOGWA. Our conclu-
sions are sketched out in Section 6.

2 Multi-Agent System and Spatial Ontology

TOGWA is composed by two basis components to retrieve spatial data. These compo-
nents are the following:
A Multi-Agent System (MAS) to perform tasks related to communicate differ-
ent spatial databases by means of GML definition and encode the spatial data
for retrieving in the SUAL
Spatial ontologies to solve ambiguities that are presented in the spatial data
through concepts (“not words™).

2.1 The Multi-Agent System

According to [4], an agent is a system that tries to fulfil a set of goals in a complex,
dynamic environment. It can sense the environment through its sensors and act upon it
using its actuators. In this work, we propose a Multi-Agent System (MAS) that pro-
vides some services to facilitate the geo-information retrieval mechanism within a
tourist system, which is called TOGWA.

There are two main functions of the agent in the TOGWA. One is to provide an in-
telligent service to communicate different spatial databases and to encode the spatial
data for retrieving to the user. The other is to check the GML definition and to link the
ontology for knowing whether the concepts accomplish to the search criteria.

Several types of agent have been proposed, they are organized in four layers depend-
ing on its functionality. The agents are shown in Fig.1.

Data Layer. It is composed by the agents that provide data access services.
These services can be: retrieval, storage, adjustment to the communication for-
mat, etc.

Management Layer. The agents of this layer handle and coordinate other agents
into MAS. Also, they provide the capabilities of communication to other
agents.

Application Layer. In this layer the agents perform tasks of the specific applica-
tion, such as visualization and functions to the spatial data. Moreover, these
agents manage the ontologies (7rip Package and Map) to provide the needed
data to the interface for giving its own services.
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Presentation Layer. Here, the agents provide a user graphic interface to allow
the users obtaining the TOGWA services.
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Fig. 1. Classification of the agents used in TOGWA

In Fig. 1 we grouped the layers in two clusters: Core Utility Agents and TOGWA
Specific Agents. Core Utility is a set of agents that can be used not only in TOGWA
but also in any other application. Its tasks are the following:

Data Locator. 1t finds out the data that better fulfills the description given by
its clients. The agent provides as a result the address of the agent, which can
provide the access to the data.

Data Access. 1t provides the mechanisms to access to the data and metadata of a
particular source. The queries and results are given in XML.

Communication Router. This agent provides the capabilities to MAS for com-
municating with other one, through any suitable way (Internet, others MAS,
Virtual Private Networks, etc.).

System Management. This agent handles the process within a MAS. It starts the
compute of all other agents in the same MAS.

Directory Facilitator. It maintains a list of all the known agents by MAS as
well as the services that each agent provides to the layers.

Spatial Facilitator. This agent retrieves the spatial data from the SDB. Accord-
ing to the client’s request. The agent sends the geographical objects to make-up
a map in the adequate format (GML description).

The TOGWA Specific Agents is a set of agents that work to accomplish specific
TOGWA goals so that they can not be used in other applications. The agents that be-
long to this cluster are the following:

Resource Management. This agent deals with all the resource assignment tasks.
For instance, searching a hotel and flight and finding trip packages.

Ontology management. This agent keeps the information about the Map Geo-
Ontology and uses it to translate the user’s request into structured queries,
which will be computed into the Ontology Administration Query Module.
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These queries allow other agents assigning resources to users and finding out
geographical objects to provide maps to the clients.

Ontology matching. This agent acts when there are confusions about the con-
cepts in the client’s ontology and the MAS ontology. Then the agent attempts to
find the closest concept in MAS ontology, according to the concept given by the
client.

Spatial User Interface Agent. This agent translates data given by the MAS into
a rendered map that the user can understand. The agent is the user interface of
the MAS, but it does not belong to it.

The elements that compose the TOGWA-MAS are shown in Fig. 2. We can see that
MAS consists of seven agents and an ontology repository.
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Fig. 2. Features that compose the TOGWA-MAS

In Fig. 3 the interaction model between two TOGWA-MAS is shown. Moreover,
Fig. 3 shows the steps to accomplish the TOGWA process, which is outlined as fol-

lowed.
1.

The Client (Spatial User Interface Agent) makes a request to TOGWA (for ex-
ample, a user in Spain desires to get a road map of the zone of Cancun in Mex-
ico).

The MAS in Spain asks to its Directory Facilitator for the MAS that has such
information.

The Directory Facilitator searches in its database the information requested, and
responds to the MAS that the MAS of Mexico has the map.

The MAS in Spain asks the MAS in Mexico for the road map of the zone of
Cancun.

The MAS in Mexico computes the request and determines if it has such infor-
mation.

If it does, then the request passes to the Spatial Facilitator.

It makes a spatial query to the SDB for retrieving the geographical objects re-
quested.

The Spatial Facilitator returns to the MAS in Mexico the geographical objects
needed to make-up the requested map.

The MAS in Mexico translates this information using the ontology to a format
that the MAS in Spain will understand.
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10. Hence, it sends the information to the MAS in Spain.

11. Finally, the MAS in Spain sends the result to the client, and it displays the road
map of Cancun to the user with a brief attributive description.
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Fig. 3. Interaction model between two existing TOGWA-MAS

2.2 The Spatial Ontologies

Most widely accepted common conceptualization of the geographical data is based on
the description of geographical objects and fields [5, 6]. These objects are not necessar-
ily related to a specific geographic phenomenon, because human-built features are
typically modeled as objects [7, 8]. The spatial semantics definition is described in [2]
and aim to correctly represent spatial data in an alternative and universal way to gener-
ate spatial ontologies.

For this purpose, we consider a spatial ontology as an explicit, shared and structured
specification of conceptualization, that is, a description of properties and relationships
that can exist between the geographical objects to form concepts.

Moreover, ontologies can be considered as “languages”, which use a specific voca-
bulary to describe entities, classes, properties and functions related to a certain view of
the geographical world [9, 10].

In sense, our approach is designed to solve the ambiguities that can exist with single
characteristics of the geographical objects, because the spatial ontology is defined by
concepts (not by words) according to the geographical objects.

The spatial ontologies can be classified by levels according to their dependence on a
specific task or point of view. These levels are generated for a specific spatial ontology
(top-ontology) and it can be particularized to define a particular ontology (down-
ontology). There are also different levels of information detail. Low-level ontologies
correspond to very detailed information and high-level ontologies correspond to more
general information.
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In this situation, the generation of more detailed ontologies should be based on the
high-level ontologies, so that each new ontology level can incorporate the new know-
ledge presented in the higher level. These new ontologies are more detailed, because
they refine general descriptions of the level from which they have been generated [11].

The levels of ontologies can be used to guide processes for the extraction of more
general detailed information. The use of multiple ontologies allows the extraction of
information in different stages of classification.

The use of explicit spatial ontologies contributes to better correct spatial representa-
tion, because every geographical object description is based on an implicit ontology.
By using that, it is possible to avoid explicit conflicts and confusions between the
ontological concepts and the implementation [12].

On the other hand, spatial ontologies play an essential role in the conceptualization
of spatial databases, allowing the establishments of correspondences and interrelations
among the different domains of geographical objects and relations.

For instance, the ontology “Limit” can be represented in different concepts, in di-
verse spatial databases. “Limit” in some cases represents “coast boundary”, separation
between the “ground” and the “sea”, “contour of value zero”, “boundary” among two
regions (states, countries, etc.), and so on (Fig. 4).
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Fig. 4. Ontology “Limit” that is composed by different concepts related to “limit” for subse-
quent spatial representation

Using this approach, we can generate specific spatial ontologies after defining the
top-ontology to particularize the conceptualization in other specific ontologies (down-
ontology).

According to our approach, it is indispensable to count with a spatial subject do-
main. It is defined as a set of “names” that describe the primitives of spatial representa-
tion. Thus, we can start with a priori knowledge of the geographical objects that ap-
pear, e.g. in the map legend. For instance, “blue” lines are united under the concept
(name) “river” and “black™ lines are united under the concept “fracture”, etc. In reverse,
the different concepts are united under the same description of the spatial representa-
tion that is “line” [2]. The interaction between the subject domain and the taxonomy is
used to locate concepts into the spatial subject domain that correspond to a case of
study, and to compute these concepts to generate spatial ontologies [2, 4]. Fig. 5 shows
the definition of spatial subject domain.
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Fig. 5. Interactions of the Spatial Subject Domain

To define the spatial subject domain, it is necessary to elaborate a description of the
spatial thematic to be analyzed, considering the main features that compose this theme,
such as the data model and the resolution levels of the spatial data.

All characteristics that are considered in the description of the spatial subject do-
main should represent relationships between themselves too. Spatial subject domain
has to recognize the different semantic levels of a priori knowledge that is stored in
this domain.

The use of ontologies in spatial databases enables knowledge sharing and informa-
tion integration. The proposed approach provides dynamic and flexible information
exchange and allows partial integration of spatial data when completeness is impossi-
ble.

This can help the next generation of spatial databases to solve semantic ambiguities
in the available geo-information, because the context of the spatial data can change
according to the case of study [11].

The query functionality to retrieve spatial data by means of spatial ontologies is the
following: the user makes a request by means of TOGWA. The information is searched
in any TOGWA-MAS, when the data are located; it is encoded into the GML definition.
This definition is sent to the Ontology Administration Query Module to compute the
request for obtaining the spatial and attributive data by means of concepts, which form
the ontology. Inside TOGWA, a priori knowledge that is stored in the spatial subject
domain interacts with the spatial taxonomy, considering in this case, the “arcs” as pri-
mitive of representation. Fig. 6 shows the mechanism to obtain the spatial ontology by
means of the Ontology Administration Query Module.

In addition, Fig. 6 shows the query mechanism to describe the concept “Roads” into
the Map Geo-Ontology. In this case, the ontology is composed by several “sub-
concepts”, which are ordered in a hierarchical way. Moreover, we see in Fig. 6 differ-
ent levels of the concepts, starting with a top-level (Roads) and finishing with down-
levels (One rail, two rails, etc.). When the ontologies present more levels of concepts,
it is possible to particularize these in sub-concepts, while the level is less (down-level),
the concept is more particular. The ontologies that have been proposed by TOGWA are
described in Section 4.
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Fig. 6. Interactive process to retrieve geographical objects by means of spatial ontologies

3 Architecture of TOGWA

The Tourism Onto-Guide-Web Application (TOGWA) is a web-mapping system that
is composed by two tiers: Client tier and Spatial Data Server tier. These tiers contain
the following components: Spatial User Agent Interface (SUAI), Ontology Administra-
tion Query Module (OAQM), Spatial Data Server (SDS), Agent Administration Mod-

ule (AAM) and Spatial Database (SDB) [13].

This application presents client-server architecture. TOGWA is considered a distri-
buted system because it is able to retrieve spatial data from different GIS sites by
means of GML definition. Fig. 7 depicts the general architecture of the Web-Mapping

system.
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The general process to retrieve spatial and attributive data is the following:

Spatial User Agent Interface (SUAI) receives requests from a user. It assists the
client to search, query and manipulate the map in an efficient and user-friendly way.
SUALI attempts to understand the subject domain (geographical context of the user),
and it sends a message to the Spatial Data Server (SDS) to ask more geo-information
or to modify the map to change the content and resolution detail. SUAI should keep a
concise profile for each user to record his search of interest. The Agent Administration
Module (AAM) receives requests from the SUAI and it broadcasts the requests of the
users to the Ontology Administration Query Module (OAQM) to search the concept
into the ontologies and to retrieve the geo-information from the Spatial Database
(SDB). If the geo-information associated to the concept could not be found in the
SDB, the OAQM will send a notification to the AAM to perform a query in different
GIS sites linked to TOGWA. This process is made up by means of the GML definition,
when the geo-information is found; it is encoded in the GML description and trans-
ferred to the AAM to retrieve the spatial data according to the spatial ontology. Finally,
the spatial data is sent to the SUAL

4 I mplementation of the Prototype

TOGWA prototype has been implemented in Java to keep the distribution and multi-
platform execution [14]. TOGWA consists of seven nodes to retrieve spatial and attri-
butive data. The nodes that are considered to this application are the following: Mex-
ico, Spain, Costa Rican, Italy, England, Cuba and Chile. The SUAI is implemented as a
Java Applet and runs on the client side to interact with a web user. The AAM has been
implemented as a Java servlet using Tomcat 5.0.12. The visualization on the client side
is based on Shapefiles, which is proposed by Esri, Inc [15].

There are several components in the prototype, a web page, an invisible applet, a
servlet and an ontology parser. The data workflow is depicted in Fig. 8.
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When a user accesses the web page, the JavaScript embedded in the web page will
call a Java applet to send an http request to the Java servlet, which will invoke the on-
tology parser to create an ontology object from the ontology repository. If the informa-
tion does not find in the Ontology Repository, the OAQM sends a GML definition to
locate the data in any node. When the information is found, it is received by the OAQM
for being computed. Later, the OAQM sends the object as a serialized Java object to
the applet.

The ontology object contains the entire ontology. The applet uses the ontology ob-
ject to verify if the user has performed a valid search. If valid, the applet will submit
the search to the servlet, which in turn invokes the shapefile generator to obtain a sha-
pefile for the client to refresh the web page and to retrieve the spatial data.

In this context, a spatial ontology is a part of knowledge, concerning a particular
spatial subject domain; it describes a spatial taxonomy of concepts for that subject
domain, which define the spatial semantic interpretation of the knowledge. Spatial
ontologies in TOGWA define the spatial semantic relationships of the geographical
objects. The ontology repository is organized in a tree structure.

We propose two ontologies to obtain the spatial data by means of concepts, in this
case the Map Geo-Ontology and Trip Package Ontology.

These ontologies provide the concepts related to the information retrieval to the us-
er. The retrieval process is performed by constraints, which are defined by the client.

Map Geo-Ontology is focused on retrieving particular maps of the user interest.
This spatial ontology can generate four types of maps: Roads, Weather, Urban and
Sightseeing. The spatial ontology is generated by the interaction process of the spatial
taxonomy and the spatial subject domain.

Trip Package Ontology is proposed to acquire attributive data related to the interest
places to visit for the users. A user can obtain relevant information according to his
interest and the matching concepts in the definition. The data can be found in any node
considered into the application.

The interaction and communication process has been described in previous section
(Multi-Agent System). The retrieval of concepts among ontologies is performed consi-
dering the relationships of them by means of MAS. Fig. 9 and Fig. 10 show the ontol-
ogies that we propose to retrieve spatial data by means of concepts.
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On the other hand, the GML definition is used to obtain the spatial data from differ-
ent distributed GIS according to the request of the user. MAS sends this definition to
find the specification related to the request. If the data has been found, the GML defini-
tion encodes the information, which is sent to the Ontology Repository for matching
this information encoded into the GML definition with the ontology structures. Inside
the Ontology Administration Query Module the information is parsed for relating it
with the concepts, which integrate the ontologies. We use the relationships between
concepts that belong to the ontology to communicate the Map and Trip Package On-
tologies. The use of relationships of concepts provides detailed information (spatial
and attributive), because we can obtain concepts in certain directions as breath and
depth first search.

If the information is valid, it is necessary to generate the shapefile by means of the
Shapefile Creator for sending it to the Spatial User Agent Interface. A brief description
of the GML definition is shown in Table 1.

Table 1. Brief GML description related to TOGWA

<?xm version="1.0" encodi ng="UTF-8"?>
<rdf: RDF xni:lang="en"
xm ns: canb="ht t p: // geo. ci c. i pn. nx: 9090/ RDF/ VRPexanpl e_profil e3_schena. r df s#”
xm ns: gm ="http://geo.cic.ipn.nx: 9090/ RDF/ VRP/ Exanpl es/ gni . r df s#”
<!--The canb and gmi namespaces replaced for validation purposes Map Ontol ogy Data-->
<canb: Map>
<gni : boundedBy>
<gni : Box gni : srsNane=" ROAD: 4326" >
<gni : coor di nat es>
0.0,0.0 100.0, 100.0
</ gm : coor di nat es>
</ gm : Box>
</ gni : boundedBy>
<canb: nodel Dat e>
D c 2003.
</ canb: nodel Dat e>
<canb: nodel Menber >
<canb: Roads>
<gni : nane>
|45
</ gm : nane>
<gni : descri pti on>
Federal H ghway from San Pablito to Cancun.
</ gm : descri ption>
<gni : cent er Li neCf >
<gm : Li neString gm : srsName="ROAD: 4326" >
<gni : coor di nat es>
0.0, 50.0 100.0,50.0
</ gm : coor di nat es>
</gm : LineString>
</ gm : centerLi neX >
<canb: Model Menber >
<canb: H ghway>
<gni : Nane>
Interstate 35
</ gm : Nane>
<gni : descri pti on>
Mai n H ghway to connect Cancun and Chetunal .
</ gm : descri ption>
<gm : Li neString gm : srsName="ROAD: 4326" >
<gni : coor di nat es>
344, 552. 4, 566, 763. 67, 763, 234. 12, 3, 456, 655. 65, 890, 765. 31
</ gm : coor di nat es>
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</gm : LineString>
</ canb: H ghway>
</ canb: Model Menber >
</ canb: Roads>
</ canb: nodel Menber >
</ canb: G tyModel > ...</rdf : RDF>

5 Preliminary results by TOGWA

By using TOGWA, we have developed roads, city, weather and sightseeing maps.
These maps are generated by means of concepts that belong to the ontologies (Trip
Package and Map). The data have been retrieved by the GML definition according to
the user request. SUA/ contains an efficient and user-friendly interface, which is com-
posed by some spatial tools. Some results are shown in this section.

Fig. 11 depicts the map of roads for Toluca City, Mexico. This map consists of dif-
ferent thematics as Populations, Roads, Urban Areas and Internal Administrative Divi-
sions. The roads presented in this map are classified by its properties: four rails, two
rails, tracks and urbanized routes. The goal of this map is to guide the users for know-
ing their interest places in low level of detail (1:200,000).
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Fig. 11. Map of roads

City map is composed by streets, avenues and present different interest sites. Fig. 12
shows the city map of Lindavista area in Mexico City, which scale is 1:5,000. In this
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map we show the location of different sites as Restaurants, Bus Stations and Hotels in
this area. The users can retrieve a city map according to their necessities. Also, Trip
Description Box provides useful information related to the user request.
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Fig. 12. City Map

Fig. 13 shows the Sightseeing map of San Pablito in Quintana Roo, Mexico. This
map describes general aspects of San Pablito, showing the Information Sites Location,
Gas Stations, Camping Zones, Restaurants and Archeological Sites. Moreover, it pro-
vides the general structure of the population. Additionally, this map presents the roads
that connect with San Pablito (in red color). The map scale depends on the size of the

interest area.
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Fig. 13. Sightseeing Map

Weather map consists of vegetation areas, temperature and precipitation contours.
This map guides to the users to know the characteristics of the weather in a particular
place, when the users want to travel according to their criteria of retrieval request. In
addition, Fig. 14 depicts attributive information related to the map into the Trip De-
scription Box.
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Fig. 14. Weather Map
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6 Conclusions

In the present work, the Tourism Onto-Guide-Web Application (TOGWA) has been
proposed. TOGWA is a web-mapping system focused on retrieving geo-information
by means of spatial ontologies and representing it on the Internet. We use the spatial
semantics to generate the geo-ontology for representing geographical objects by means
of concepts.

TOGWA contains a Multi-Agent System, which performs the following tasks:

To communicate different spatial databases by means of GML definition.

To encode the spatial data for retrieving in the SUAL

To solve ambiguities that can be presented in the spatial data by means of con-
cepts (“not words”).

The spatial subject domain definition is oriented towards an interaction with spatial
taxonomy to conceptualize the spatial databases. In essence, the spatial subject domain
is defined as a set of “names” that describe the primitives of spatial representation.
Thus, we can start with a priori knowledge of the geographical objects to examine the
spatial data, which interact with the spatial taxonomy to generate spatial ontologies.

We attempt to show an alternative approach to represent spatial data on the Internet
considering the relationships that compose the ontologies to retrieve spatial data ac-
cording to several search criteria.

In addition, the spatial ontologies catch the semantics of the spatial data to provide
relevant information related to the concepts. These ontologies can be used to establish
agreements on diverse views of the world and consequently to carry out the “meaning”
of the geo-information. In many situations, this geo-information is embedded in the
spatial representation of geographical phenomena in the human-mind.

The use of ontologies in spatial databases enables knowledge sharing and informa-
tion integration. The proposed approach provides dynamic and flexible information
exchange and allows partial integration of spatial data when completeness is impossi-
ble in the web.

The communication between ontologies is performed by MAS, which seeks the rela-
tionships of the concepts to match nodes in the ontologies. This process is iterative and
the new generated concepts can be considered in the spatial subject domain.

This approach can aid to solve semantic ambiguities between the available geo-
information, because the context of the spatial data can change, according to the case
of study and the representation state by means of concepts of the spatial data.
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