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Abstract—Designed as semantic structures to support the This paper is organized as follows: Section 2 prissan
sharing and reuse of geographic data, spatial ontogies have  gverview about tools and techniques for merginglogies.
recently gained attention within the geo-informati®m  The Third Section details the proposed approaciminging
community. Geographic ontologies are designed to pride a  gepgraphical ontologies. A spatial ontologies iraéign tool
common understanding of the structure of geographienodels, s described in Section 4. Section 5 presents piptication

and to support the development of geographic informtion ¢ o\ approach and tool on the road domain. Thelosion
systems that are conceptually complex. This paperg@poses an and outlook of our work are listed in Section 6
approach for merging spatial ontologies based on the )

complementary_modules: matching, mapping and mergig. A Il. ONTOLOGY MERGING TOOLS AND TECHNIQUES
Spatial Ontologies Integration Tool (SOIT) is alsodeveloped . i .
and applied to the road domain. Several ontologies merging tools were developed in

literature, such as [6]: Chimaera, FCA-Merge, PROMP
Keywords-Spatial  ontologies; SOIT; Integration tool; OntoMorph and ONIONS.

Geographic Information systems; Road domain. - Chimaera: It is an interactive ontologies merging|
that allows the diagnosis, the test and the editbrthe
merging result [4]. It helps user to find the bestm by
In the applications with spatial vocation (e.g.,proposing a list of the used terms while helpingésolve
geographic domain), ontologies are an effectiveitswi in ~ the terminological difficulties. This tool, basedh ahe
particular to ensure interoperability and semanticOntolingua ontology editor, offers a support foe therging
cooperation between Geographic Information systemprocess to enable the collection of ontologies esged in
(GIS). Spatial ontologies offer a relevant solutimm the  different formalisms. It makes the translationtat tanguage

l. INTRODUCTION

sharing and the integration of geographic data. level and uses heuristics to find the parts ofahwlogy to
The problem of heterogeneity of geographic ontasgi be reorganized.
is more complex than that of other domain ontoledH; - PROMPT: Based on a semi-automatic merging

because it is necessary to take into account tagas@nd approach, it allows making certain tasks automiyiand
temporal aspects as well as rules governing the dahelps the user along the merging process [5]. PRODMP
evolution. determines possible filminesses in the state ofottitelogy

Spatial data interoperability allows simplifying dan resulting from user's actions and suggest solufiarnthem.
enhancing the sharing, reuse and integration ofrgedic - OntoMorph is based on a merging approach which is
data. However, semantic heterogeneity [8] is a majosimilar to the two previous tools [2]. An experegsan initial
obstacle to the interoperability of geographic d§h  list of correspondences between concepts of thecesou
Indeed, the implementation of a geographic ontology ontologies: the user defines a set of operatotsatieaapplied
manage and structure multiple data sets that cayrduped  to ontologies for resolving inconsistencies.
according to geographical criteria. Its objectige ot to - FCA-Merge: It uses a formal, bottom-up method of
only describe the list of existing geographic otgec ontology merging based on the extraction of corscémm
(territory, boundary, road network, etc.) but tcentify  textual documents [7]. It applies natural langupgEeessing
classes; to define the relationships may exist éetwthem, and generates a "concept trellis” from “FCACorejaaithm.
and to describe the attributes in order to obtdie t This trellis is transformed subsequently into domai
knowledge base. ontology by an expert of the domain.

In this paper, we aim to resolve the problem of - ONIONS (ONtological Integration Of Naive Sources)
heterogeneity of geographic ontologies by proposing is a method designed for the conceptual analysid an
merging approach. ontological integration of terminologies [3]. Thisethod
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consists of two steps: (1) A reengineering step clvhi o1 02
consists in the extraction, formatting, analysisd an v v
formalization of data; (2) A merging step whichoals the ‘ Selection of concepts to compare
merging of ontologies using an algorithm basedIgalaa. ps

The developed tools do not consider the spatiatcispf List of features p| oy each couple of
objects describing the geographical domain. Thetiadpa matches ¢101, ;102
dimension as well at the intrinsic level of the cepts at the >

level of the spatial and semantic relationshipsewacking | IR | =

to these tools. This limits their applicability geographical
ontologies.

Enrich tph

lIl.  SPATIAL ONTOLOGIES MERGING APPROACH | b EALLL USSR per :

i i kground | t Semantic Enrichment H
We developed an approach for geographical ontatogie s : R S

merging, based on two criteria: §. Spatial Enrichment i

| Finding Identity relationships |

- The identity search: the search for relationships of spatial L
identity and total identity between concepts of thitial e o
Ont0|ogies' correspondences concepts

Definition 1. Two objects are spatially identical if they are 1 l !
located in the same place but having a different | Merging Process i
characteristic such as the instance name or theisitbgn

date. i_’ Building squeleton of the ontology result |
Base of
. . . . . . merging rules N
Definition 2. Two objects are totally identical if they are | Enrichment of the ontology result |

spatially and semantically identical. By semanteritity, |

Adding unrelated concepts |

we mean that both objects have the same name argéihe 7

properties. ==

This criterion allows obtaining the skeleton of wetology

result of merging process. We thus join the noniidal Figure 1. The proposed approach for merging spatial ontosogie

individuals of the candidate ontologies to servemtsies to
the second step of the merging process.
- The search for enrichment relationships. Enrichment

relationships have two types: the semantic relatigrs A matching process defines a set of functions which
such asquivalence andpart-of and the spatial relationships specifies correspondences between terms of onesloghis

3.1 The matching phase

such asadjacency, intersection, joint, junction etc. phase gives as a result a list of features matdfese are
The proposed approach is based on three main nsoduldéWo types of relationships considered in our apgioa
(1) matching module, (2) mapping module and (3)gimer - Connecting relationships: they are the relatimints

module (Fi_gure 1). The first module co_nsists iredaining  between two ontologies. We distinguish spatial fitien
the matching process between candidate ontologibs. relationships and semantic identity relationships.
output of this phase is a list of matching functiofThe Enriching relationships: we distinguish semantic

second phase allows finding correspondences betweegationships and topological relationships (irgetin,
concepts of candidate ontologies. The result of pifiase is | hion etc.).

two lists: a list of matches between candidate eptscand a
second list of concepts without correspondences. third
phase is merging which is based on merging rules.
produces as result a comprehensive ontology slyatiad
semantically richer than the candidate ontologies.

We use two types of matching: spatial and semantic
jnatching. In the semantic matching, we define two
functions: the first one defines semantic idemghationship
(Idsem) and the second function defines semanticlenent
relationships between candidate concepts. In thaiasp
matching, we define two functions: the spatial iign
relationship (Idspa) and the spatial enrichmertti@hships.

The semantic Identity: ldsem means that two comscept
have the same name and same properties. We use the
syntactic technique to derive such relationship. ¥ge the
edit distance of Levenshtein to calculate the siriti
between concepts hames and their properties. Thasune
of edit distance ed represents the minimum number o
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insertions, deletions or substitutions necessarfrainsform  verify any type of relationship between them (ahlle
one string x into another y. Similarity s(X, y) malized to  unrelated concepts) are stored in a base of uadelat
[0,1] is defined as follows: concepts.

s=1-ed/max(| x |, y ). We have defined rules to optimize the number of

comparisons of concepts in order to avoid a rangoml

We consider that two concepts C1 and C2 admit . ; .
7 ; : . : . rocess. For example, to research identity relakignm we
semantic identity relationship ldsem(C1, C2) if amdy if: ?ely on the type of Fhe graphic form of theycon m?nake

s(Cl.name,C2.name) =1 comparisons.

and for every attribute atti of C1, there existsa#inbute
attj of C2 where s(Cl.atti, C2.attj)=1, and vicese for
every attribute of C2, there is an attribute of @here 3.3 The merging phase
s(C2.attj,C1.atti) = 0.

The spatial identity relationship Idspa relatesyotd The merging phase consists in building the ontology
geographical concepts. A spatial object is desdribe®Sult. The input of this phase is composed of basfe
according to its graphical form: GF (point, line mlygon), correqundences and unrelated concepts. The aithif
semantics data (eg name, nature, appearance, warioifodule is to apply the correspondence links staethe
characteristics) and localization data (position the correspondences bases (semantic and geographical) i
surface). The search for Idspa relationship betveeerepts ~accordance with merging techniques. The merginggs®

of candidate ontologies consists in comparing leatibn ~ Creates a new geographical ontology from two cameid
characteristics of concepts. ontologies connected by identity concepts whichused as
) . . . connected points between the two ontologies anithesd
We formally define the relat|onsl_1|ps con&dered_dn_y by the semantic and geographical relationships.
ggﬁ;%%ch. We present the following formal defimto Rules for merging candidate concepts are definbdsé&
' rules are of two types: rules for semantic relatfops and

Definition 1: Two objects are spatially identicélthey  ryles for spatial relationships. The merging rudes applied
are located in the same place but having a diftereno concepts accepting connections between thenelatad
characteristic such as the instance name or theisittop  concepts are transmitted in the ontology resulheuit any
date. treatment.

Definition 2: Two objects are totally identicalttiey are
spatially and semantically identical.

Let us consider the concepts C1(X1, Y1) and C2{®, We have developed the SOIT tool (Spatial Ontologies
with X1, Y1 and X2, Y2 are coordinates of C1 and c2/ntegration Tool) (Figure 2) based on Java languagkthe
respectively and C1.GF=point and C2.GF=point. Wdntegrated development environment (IDE) NetBedrtse
consider ldspa(C1, C2) if and only if Euclideantalice t00l is designed for automatically merge two spatia

dE(C1,C2) =0. The function of spatial identity taaship is ©ontologies. SOIT takes as input two spatial ontesg
defined as follows: written in OWL and produces as result an ontologptislly

and semantically richer. In addition, SOIT allowthey

_ ” - . ) functions: it can ferform two types of matching didate
[I)-'spa::[l:1 €01,C2 € 0ZACLFG = point -"I ontologies and sdé the result of the matching ssdée can
C2.FG = point AdE =10 (1lso generate)the graph of an ontology written WLOand

view or print one ontology in the form of a text amgraph.
We model a use case diagram of UML language reptiage

IV. SOIT:SPATIAL ONTOLOGIESINTEGRATION TOOL

dE = J{x]_ -x2)7 + (y1 - y2)3, @) the various functionalities of the SOIT tool (Figti).
Merge © _
3.2 The mapping phase % geographic matching

The input of this phase is two concepts from both %/ Match ©
\

candidate ontologies. The mapping process is iterand semantic matching

consists of two steps. The first step is to ingzde Identity I

relationships and the second step is to investigateEhment View W\ WL file
relationships between candidate concepts. The fsefarc @

enrichment relationships is performed on non-icehti ©
concepts selected at the previous phase. The cethpar ﬁpf'mv\ graphic file
concepts and their correspondences are storedoase of ©

matches. Concepts which the mapping algorithm fonod et e

connections between them, i.e. the concepts thanato
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Figure 2. The Use Case diagram of SOIT.

The host interface of SOIT includes a menu baraiost

five menus: “File”, “View”, “Match”, “Merge” and “Hlp”.

The matching process starts with the introductibtwo
candidate ontologies (figure 3).
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v
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Figure 3. The functionalities of the "Match" menu.

The graph and the OWL file of a candidate ontology
be viewed through the button "view graph" (figudgs

using XSLT style sheets (figure 5). For example, hawe
identified a relationship of typeExtremity between
individuals: Priority_ R1_Tunis_Teniour and
BWL1_Teniour_Kaied.

¥ Mozilla Firefox

Fle Edt View Hstory Bookmarks Tools Help
|| file:/{/c:/apparie...graphic_matchxml| -+ -
: . : : ]
[Priotity R1TunisTeniowr  |[Poit  |BWI_Temionr Kaid  |Ligne = [Extremity | ‘
Priority_R11TeniourGremda [Point DS_R11_Teniour_Gremda |Ligne Inchsion
[Priority_R11TeniourGremda [Point Pv_R11_Teniour Gremda |Ligne Inchusion
Priority_R11TeniourGremda [Point Pv_R11_Tunis_Teniour Ligne [Extremity -
Priority_R11TeniourGremda [Point RL911 Ligne [Extremity
[Priority_R11TeniourGremda [Point BWI11_Teniour_Gremda |[Ligne Inclusion
Priority_R11TeniourGremda [Point DS_R11_Tunis Teniour |Ligne [Extremity
[Priority_R11TeniourGremda [Point Pv_Teniour Ligne [Extremity
Priority_R11TeniourGremda [Point BW11_Tunis_Tenionr Ligne [Extremity
[Pavement R11_Tunis_Teniour ILigne Pv_R1_Tunis_Teniour Ligne |unction
[Pavement_R11_Tunis_Teniour ILigne SW_RI_Tunis_Teniour Ligne |junction
[Pavement R11_Tunis Teniour ||Ligne RN1_Tunis Ligne oint
[Pavement_R11_Tunis_Teniour ILigne Pv_Tunis Ligne Hoint
[Pavement R11_Tunis Teniour ||Ligne DS_R11_Teniour_Gremda |Ligne oint
[Pavement R11_Tunis_Teniour ILigne Pv_R11_Teniour Gremda |Ligne Hoint
Pavement_R11_Tunis_Teniour [Ligne Pv_R11_Tunis_Teniour Ligne [Egality
[Pavement R11_Tunis Teniour ||Ligne RL911 Ligne oint
[Pavement_R11_Tunis_Teniour [Ligne BWI11_Teniour_Gremda |[Ligne Woint
[P t R11_Tunis_Teniour  |[Ligne BW1_Tunis_Teniour Ligne |junction
[Pavement R11_Tunis Teniowr |Ligne [DS_R1_Tunis Temiowr |Ligne [junction
[Pavement R11 Tumis Tenionr  [Tisne ISW Tunis [isne fmnction he
Done ey [5<

Figure 5. Geographic matching result.

For merging two ontologies, the user has to intocedu
two geographic ontologies instances of the sameeimbg
clicking on the button “Browse”. The following wiod/
displays (Figure 6).

<¥xmil vergion="10"> i
<rdtROF |
imins owiZomi="nRp fwww Wi orgR2006/ Ziowl2-amiF
min s ="TIp iwaw. Semaniowed. orgiontol ogiesZ00 A Onoingy 135'5'"':.:‘:
aming na="niEp Mfwww W3, 000N 9990 222-ral-syntan-naw | Browse | |-man.w
ominsxsd="lpMwww w3 org2001MLSchemar 1
rmins rdfs="nip Awww w2, org200000 1irdl-schemair T
amidns ol ="hitpr e w2 orgr200 20 Tiowlw r
il hip e Samanbicasd.orgroniologiasr200370ntalogy12397]
rdf about="¢ [
="Traflc_Light_Contralled_Cross Road™ A i Vo -
! ! 1 swvere [ es socuments - [@l[&l[=] B8l
<gwl Class u D="Cross_Road : S ameusscupiure 5 es waos
«ifdts subClassOf> =g i
=iow Class= ¥ (] ta musique (] sana copie memoire Masters ontoid
=gwt Class rdtiD="Road_Equipements ) o Mot e Yt
<rifa-subClassOf / d [Tv]
<gwi Class rdtID="OntoRaad /> ; Fiolame,  omssuaiow
<t subClassOfs Files of Type: | Tous les fichiers hd
= B | 4 s save Cancel
Closa Print — ——
Figure 6. Selection of a candidate ontology.

Figure 4. The OWL file of the candidate ontology. . o
Finally, by clicking on the button "Merge", the us=n

visualize the concepts and the individuals of téology
result (figure 7).

After running the matching process, the systemlalysp
the list of matches found. This functionality isrfoemed
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Figure 7. Graph of the ontology result.

V. APPLICATION TO THE ROAD DOMAIN

rdf:datatype="&xsd;string"Route_Teniour</Nom_Route>
<Rencontre_Voie_Voie rdf:resourcéAv_7Novembre/>
<A_Droite_De rdf:resource#Av_7Novembre/>
<Rencontre_Voie_Voie rdf:resourcétv_Afrique"/>
<A_Droite_De rdf:resource#Av_Afrique"/>
<A_Droite_De rdf:resource#Av_Teboulbi'/>
<A_Droite_De rdf:resource#BW11_Teniour_Gremdd/>
<Rencontre_Voie_Voie
rdf:resource=#BW11_Teniour_Gremdd/>
<A_Gauche_De rdf:resource#BW11_Tunis_Teniour'/>
<Rencontre_Voie_Voie rdf:resourcéBW11_Tunis_Teniour'/>
<Rencontre_Voie_Voie rdf:resourcég®BW1_Teniour_Kaid"/>
<A_Droite_De rdf:resource#BW1_Teniour_Kaid"/>
<Rencontre_Voie_Voie rdf:resourcé®BW1_Tunis_Teniour'/>
<A_Gauche_De rdf:resource#BW1_Tunis_Teniour/>
<A_Gauche_De rdf:resource#RL921"/>
<Rencontre_Voie_Voie rdf:resourcétRL921"/>
<Adjacence_Route_Trottoir rdf:resourcéSW_Teniour'/>
<Rencontre_Voie_Voie rdf:resourcétS_Khaledwalid'/>
<A_Droite_De rdf:resource=8# Khaledwalid'/>
<Rencontre_Voie_Voie rdf:resourcétS_Tind'/>
<A_Droite_De rdf:resource#S_Tind'/>
</Local_Road>

The following extract presents the modelling of daene
individual in theontoRoadSfax.om (Table II).

TABLE Il. EXTRACT OF THE ONTOLOGY ONTGROADSFAX.OWL.

The application domain of the developed spatial

ontologies integration tool is the road domain.
developed two spatial ontologies related to thg aft Sfax
(Tunisia), called respectivelyontoRoadChihia.owl and
ontoRoadSfax.om instances of the OntoRoad ontology [1
which is developed to model the road domain corscept

The studied corpus is composed of topographic ma|
The instantiation of theOntoRoad ontology is made by
geographical zone. Both candidate ontologies stibpéc
experiment cover different geographical zones ftbencity
of Hax (Tunisia). We extract all the objects of the
considered zone and we attribute them to the
corresponding classes. For example, the obje
Hedi_Chaker is a Street; the streébn _kholdoun is one-
way.

The following extract presents the modelling of th
individual “RL911" of the concept Local_Road” in the
ontologyontoRoadChihia.om (Table ).

TABLE I. EXTRACT OF THE ONTOLOGY ONT®ROADCHIHIA .OWL.

<Local_Road rdf:about#RL911">
<Position_Route rdf:datatype="&xsd;strin@8</Position_Route>

e

<Local_Road rdf:about#RL911">
<Position_Route rdf:datatype="&xsd;strin@8</Position_Route>
<Debut_De_Section_Voie rdf:datatype="&xsd;string"
>Carrefour_G_3Chemins</Debut_De_Section_Voie>
<Fin_De_Section_Voie
Dedf:datatype="8&xsd;string"Km12</Fin_De_Section_Voie>
<Forme_geometrique
rdf.datatype="&xsd;string"kigne</Forme_geometrique>
<Nom_Route
rdf:datatype="&xsd;string"Route_Teniour</Nom_Route>
<Rencontre_Voie_Voie rdf:resourcétAv_5Aout'/>
ir <Rencontre_Voie_Voie rdf:resourcé#v_Majida_Boulila"/>
ot <A_Droite_De rdf:resource=BMW11_Teniour_Gremdd'/>
<Rencontre_Voie_Voie
rdf:resource=#BW11_Teniour_Gremdd/>
<A_Gauche_De rdf:resource#8W11_Tunis_Teniour'/>
<Rencontre_Voie_Voie rdf:resourcég®BW11_Tunis_Teniour/>
<Rencontre_Voie_Voie rdf:resourcég®BW1_Teniour_Kaid"/>
<A_Droite_De rdf:resource#BW1_Teniour_Kaid"/>
<Rencontre_Voie_Voie rdf:resourcé®BW1_Tunis_Teniour'/>
<A_Gauche_De rdf:resourcg#BW1_Tunis_Teniour'/>
<Connexion_Extremite-Noeud rdf:resourcéCR_3Chemins/>
<A_Droite_De rdf:resource#RL_Kaid"/>
<A_Gauche_De rdf:resource#RN1_Tunis'/>
<Adjacence_Route_Trottoir rdf:resourcéSW_Teniour'/>
</Local_Road>

D

D

¢

<Debut_De_Section_Voie rdf:datatype="&xsd;string"
>Carrefour_G_3Chemins</Debut_De_Section_Voie>
<Fin_De_Section_Voie
rdf:datatype="&xsd;string"Km12</Fin_De_Section_Voie>
<Forme_geometrique
rdf:datatype="&xsd;string"kigne</Forme_geometrique>
<Nom_Route

Copyright (c) IARIA, 2010 ISBN: 978-1-61208-104-5
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<Local_Road rdf:about#RL911">
<Position_Route rdf:datatype="8&xsd;strin@>8</Position_Route>
<Debut_De_Section_Voie rdf:datatype="&xsd;string"
>Carrefour_G_3Chemins</Debut_De_Section_Voie>
<Fin_De_Section_Voie
rdf:.datatype="&xsd;string"¥m12</Fin_De_Section_Voie>
<Forme_geometrique
rdf:datatype="&xsd;string"kigne</Forme_geometrique>
<Nom_Route
rdf:datatype="&xsd;string"Route_Teniour</Nom_Route>
<Rencontre_Voie_Voie rdf:resourcétfAv_5Aout’/>
<Rencontre_Voie_Voie rdf:resourcétAv_7Novembre/>
<A_Droite_De rdf:resource#Av_7Novembre/>
<Rencontre_Voie_Voie rdf:resourcétAv_Afrique"/>
<A_Droite_De rdf:resource#Av_Afrique"/>
<Rencontre_Voie_Voie rdf:resourcétAv_Majida_Boulila"/>
<A_Droite_De rdf:resource#Av_Teboulbi'/>
<A_Droite_De rdf:resource#BW11_Teniour_Gremdd/>
<Rencontre_Voie_Voie
rdf:resource=#BW11_Teniour_Gremdd/>
<A_Gauche_De rdf:rresource/BW11_Tunis_Teniour'/>
<Rencontre_Voie_Voie rdf:resourceg®/BW11_Tunis_Teniour’/>
<Rencontre_Voie_Voie rdf:resourcéBW1_Teniour_Kaid"/>
<A_Droite_De rdf:resource#BW1_Teniour_Kaid"/>
<Rencontre_Voie_Voie rdf:resourcég®/BW1_Tunis_Teniour"/>
<A_Gauche_De rdf:resource#BW1_Tunis_Teniour/>
<Connexion_Extremite-Noeud rdf:resourcé&CR_3Chemins/>
<A_Gauche_De rdf:resource#RL921"/>
<Rencontre_Voie_Voie rdf:resourcétRL921"/>
<A_Droite_De rdf:rresource#RL_Kaid"/>
<A_Gauche_De rdf:resource#RN1_Tunis'/>
<Adjacence_Route_Trottoir rdf:resourcéSW_Teniour'/>
<Rencontre_Voie_Voie rdf:resourcétS_Khaledwalid'/>
<A_Droite_De rdf:rresource#S_Khaledwalid'/>
<Rencontre_Voie_Voie rdf:resourcétS_Tind'/>
<A_Droite_De rdf:resource#S_Tind'/>
</Local_Road>

VI. CONCLUSION AND FUTURE WORK

The need to combine ontologies developed in an

independent way and containing heterogeneity, daise
problems from the point of view of the ontological
language, the conceptualization and the specificatihe
heterogeneity between the knowledge expressednigtich

be a part of the new ontology. The logical inteigrabf two
ontologies supplies to the user a vision unifiedvayious
sources.

In this paper, we have presented an approach for
merging geographic ontologies. This approach ctsié
three processes: (1) the matching process, (2ndygping
process and (3) the merging process. We also dezelo
SOIT: a tool for spatial ontologies integration. €Th
application of this tool has been made on the aaain.
Our ongoing work are to evaluate “SOIT” by compgrthe
result produced by this tool with the one developgdan
expert in the field. In future work, we aim at extiéng this
tool with functionalities for query ontological dabases.
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