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Abstract: Informationintegrationhasbeenanimportantareaof researchfor many years,andtheproblemof integration
of geographicdatahasrecentlyemerged.This paperpresentsanapproachbasedon theuseof Ontologiesfor
solving the problemof semanticheterogeneityin the processof the constructionof a FederatedSchemain
theframework of geographicdata.We make useof a standardtechnology(OMT-G basedUML, XMI based
XML, GML from OpenGIS)

1 INTRODUCTION

Interoperabilityand integration of heterogeneous
datahavebeensomeof thegoalsto achieveduringthe
last few years. From softwarecorporationsto world
scientificinstitutions,researchersareworkingon it.

ThispaperpresentsaframeworkbasedonBLOOM
(Abelló et al., 1999) which is basedon Federated
DatabaseArchitecture(ShethandLarson,1990).The
BLOOM architectureespeciallyaddssecuritylevels.
In thispaper, moreover,wechangethescopefrom tra-
ditional Databasesto spatialDatabases.Insideof this
FederatedArchitecture,atthelevelof schemaintegra-
tion, wemakeuseof Ontologiesfor solvingSemantic
Heterogeneity.

Semanticallyrich information(i.e. metadata,con-
text information) is addedto Native Schemaat the
bottomlevel andthis informationwill aid for assess-
ing semanticsimilarity acrossontologiesin order to
allow the constructionof the FederatedSchema. In
this framework, after the GeospatialSchema level,
(in which all modelsare native), theseschemasare
transformedinto a CanonicalDataModel. A Canon-
ical DataModel (Castellanoset al., 1992) is a com-
mon model for all ComponentSchemas. We make
use,in the first solution, the OMT-G (Borgeset al.,
2001) as CDM, and we take advantageof the fea-
turesof this model. OMT-G provides someprimi-
tivesusedfor modelingthegeometryandtopologyof
geographicdata,providing supportfor “whole-part”
topological structures,network structures,multiple

views of objectsandspatialrelationships.In a sec-
ond solution, we make usethe abstractmodel from
OpenGIS(OpenGIS,1999).

The other part of this paper, proposesto materi-
alize the modelsfrom OMT-G or OpenGISin XMI
(OMG, 2002).Themainpurposeof XMI is to enable
easyinterchangeof metadatabetweenmodelingtools
(basedon the OMG-UML(OMG, 2001)) and meta-
datarepositories(OMG-MOFbased),in a distributed
andheterogeneousenvironment.

Oncethe model in XMI is materialized,we con-
struct the Ontologiesfor the objects in the model.
Theneachobjectshouldhave its own ontologyand,
afterwards, match the ontologies of the different
schemasto integrate. In this matchingprocess,it is
possibleto know whetherthereis a correspondence
betweenOntologies,and which object is semanti-
cally parallel to another. In this way, it is possible
to achievea semiautomaticschemaintegration.Con-
tinuing with levels of the framework, the Federated
Schemashouldbeauthorizedat the level Authorized
Schema. They shouldalsobefilteredthroughtheEx-
ternal Schemato finally obtaina UserSchemaat the
top of theframework.

In this paperwe first analyzethe integrationprob-
lem in thesection2 andrelatedresearchin section3.
We presentour architecturein thesection4 andthen
studytheuseof OMT-G,GML andXMI in it. Finally,
we considerfuturework in thelastsection.
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2 THE INTEGRATION PROBLEM

Numerous geographic information integration
projectshave becomerelatively important. Projects
for the integration of geographicinformation have
been developed in many countries and orga-
nizations, from NASA’s Jet Propulsion Labora-
tory (http://www.jpl.nasa.gov/srtm) to integratedge-
ographic data systems like Kyoto’s Digital City
(http://www.digitalcity.gr.jp). Many big software
companies(ESRI,MapInfo,Autodeskandsoon)also
invest in researchin this field. Databasespecial-
izedsoftwarepackages, haveaddedcharacteristicsto
managespatialdata(i.e.OracleSpatial,DB2 Spatial
Extender, Informix SpatialDataBladeModule).

For thesereasons,oneof themaingoalsis to elim-
inate the problemsin the integration and interoper-
ability of geographicand spatialdata. Theseprob-
lemshave beenstudiedby differentauthors.Oneof
the biggestproblemis the resolutionof heterogene-
ity (ShethandLarson,1990) in federateddatabases,
which mostcomplicatedpart to resolve is Semantic
Heterogeneity(Samoset al., 1999)). This problemis
studiedundernew light with the integrationof Geo-
graphicandSpatialDatabases.Actually, Geographic
Information Systems(GIS) are usedat a very large
scale. The user tries to get information from very
differentsystemsinstantly, with only onesnapshow.
The userwould like to seesomeinformation about
locationsfrom city’s databasesand mapsfrom GIS
bankon a mobile device, andoften on a very small-
sizedscreen.Also, hemaywantto useGPStechnol-
ogy (Global PositioningSystem)to saywhetherthis
placeis nearor far from his actualposition. He may
alsobewilling to make a reservationor to buy some-
thing. With morecomplicatedfeatures,theusercould
revise home devices beforesomepurchase. These
applicationsare intensive in internalprocessingand
quitetransparentto theuser.

Onestrategy to facethe problemof interoperabil-
ity andintegrationis theadoptionof standards.If they
areadopted,semanticheterogeneitywill be lessand
theinformationlossin theintegrationprocesswill be
also reduced. Many associations,committees,con-
sortiums,organizations,andprograms,work on stan-
dardizationof this kind of informationXML (W3C,
2000),GML (OpenGIS,2002),FDGC-UDK (Günter
andVoisard,1998)andso on. The OGC (OpenGIS
Consortiumhttp://www.opengis.org) is oneof them.
The OpenGISincludesa model for standardization
of geographicdata (OpenGIS,1999), and also de-
finesa languagefor it, the GeographicMarkupLan-
guageGML (OpenGIS,2002) (basedon eXtensible
Markup Language).In modelinglanguagesactually
the main is the Unified MetadataLanguageUML
(OMG, 2001). In our framework, we will take ad-
vantageof this trend, and our design usesOMT-

G (Borgeset al., 2001) (UML based)XMI (OMG,
2002)(XMLbased)andUMT (Oldevik, 2002)(UML-
GML based),andis therebystandardbased.

3 RELATED WORKS

SchemaIntegration refers to integration schemas
into a singleschema(eg., federatedschemadevelop-
ment by integrating schemasin a bottom-upFDBS
developmentprocess). Many approachesand tech-
niquesfor schemaintegration reportedin the litera-
ture. ShethandLarsonin (ShethandLarson,1990)
remark the unfeasibility of the completeautomatic
schemaintegrationprocess.This is not possiblebe-
cause,amongotherreasons,(1) the data modelsare
unableto capture a real-world statecompletely, (2)
it will be necessaryto capture much more informa-
tion than is typically captured in a schema,and (3)
there can be multiple views and interpretationsof
real-worldstate;andtheinterpretationschange with
time. One of the main problemsis the compari-
sonstep(identifyingnamingconflicts,homonyms,or
synonyms).Fromtheview pointof integrationof spa-
tial databasesthereis a light advantageto resolve this
problem. Now thereis a lot of informationavailable
for addassemanticinformationfor schemaintegra-
tion. With thearrival of new technologyandnew pos-
sibilities of storage,it is possibleto talk of nearau-
tomaticsolvingof semanticheterogeneityin schema
integration.

Aroundthisapproachtherearea lot of approxima-
tions.Toolsdevelopedto performschemaintegration
arereportedin (HayesandRam,1990),(Shethet al.,
1988). Sheth(Shethet al., 1988), for example,de-
scribea forms-basedinteractivetool to integrateEER
schemaswith awaysemiautomatic,guidingto thein-
tegratorthroughtheprocessof integration. Recently
the focus has changedfrom schematicto semantic
integration of heterogeneoussources(Sheth,1999).
Many approachesfor solving semanticproblemsare
consideringtheuseof ontologiesasthebestsolution.
Examplesare: OBSERVER (Menaet al., 1998),ap-
pliesontologiesto replacetermsin userquerieswith
suitable terms in target ontologies; SHOE (Heflin
andHendler, 2000)andOntobroker (Benjaminsand
Fensel,1998)arein theframework of semanticWeb.
They useontologiesto improve the searchingabili-
ties on the web. DB-MAIN (Thiran et al., 2000) is
a CASE tool. It try to integrate all the aspectsof
the FederatedInformation Systemdevelopment,but
in theprocessof solvingsemanticfor theintegration,
is neccesarymuchinterventionof expert.

Researchapproachfrom view point of spatialand
geographicsourcesare (Rodŕıguez,2000; Fonseca,
2001; Fonsecaet al., 2002). (Rodŕıguez, 2000) is
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basedon a subsetof two ontologies, unlike OB-
SERVER, the solution doesnot createnew ontolo-
gies,but createslinks betweensimilar entitiesin dis-
tinct ontologies.Fonsecain (Fonseca,2001)directs
the researchfrom ontologiesbut not from database
schemas.In our research,we profit the powerful of
ontologiesfor solving semanticproblemin the con-
structionof thefederatedschema.

4 FEDERATED ARCHITECTURE
WITH ONTOLOGIES

In this sectionwe presentour framework proposal
for the useof Ontologiesinside a FederatedArchi-
tecturein orderto resolve thesemanticheterogeneity
problemin the schemaintegration. In the Fig.1 we
presenttheframework.
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Figure1: FederatedArchitecturewith Ontologies

4.1 OMT-G as Canonical Data
Model

Applicationsto modelgeographywereguidedby ex-
isting GIS internalstructures,forcing theusersto use
the structuresfor interpretationof spatial phenom-
enaaccordingto whatever structureswereavailable.
Thereby, the modelingprocessdid not offer mecha-

nismsthat would allow for the representationof re-
ality accordingto the user’s mental model. OMT-
G (Borgeset al., 2001)(ObjectModelingTechnique
for GeographicApplications)was initially basedon
the classicOMT(Rumbaughet al., 1991) classdia-
gram notation,and later adaptedto match the con-
ceptsandnotationof theUnifiedModelingLanguage
(UML(OMG, 2001)). OMT-G offers primitivesthat
provide the meansfor modeling the geometryand
topologyof geographicdata,makingthemodelingof
geographicapplicationseasier.

In this article we studythe useof OMT-G for the
representationof ComponentSchema. The frame-
work takesadvantageof the characteristicsof OMT-
G becauseit provides primitives to model the ge-
ometry and topology of geographicdata,providing
supportfor “whole-part” topologicalstructures,net-
work structures,multiple views of objects,andspa-
tial relationships.Besides,theOMT-G modelallows
the specificationof alphanumericattributesand as-
sociatedmethodsfor eachclass. The main strong
points of the OMT-G model are its graphicexpres-
sivenessandits representationcapabilities,sincetex-
tual annotationsare replacedby the drawing of ex-
plicit relationships. For an extendedexplanationof
OMT-G you canrefer to (Borgeset al., 2001). Be-
tweenthe big problemsare the multi-representation
andmulti-resolutionof spatialandgeographicinfor-
mation (Spaccapietraet al., 2000). Thoseproblems
arecoveredin themodelof OMT-G, by meansof the
definitionof generalizationandspecialization, aggre-
gation andconceptualgeneralization. A separation
betweenlevels of abstractionis necessary. For geo-
graphicapplications,threelevels of abstractioncan
be considered: the conceptualrepresentationlevel,
presentationlevel and implementationlevel OMT-G
primitivesleadto threediagrams:class,transforma-
tion and presentation. We profit from this charac-
teristicsof OMT-G, then in the level of Component
Schemawe make useof OMT-G for representingthe
different componentssources. Oncewe obtain the
componentschema,it is possibleobtainthemodelin
XMI representation.

4.2 XMI for Codifying the Model

The main purposeof XML MetadataInterchange
XMI (OMG, 2002) is to enableeasy interchange
of metadatabetweenmodeling tools(basedon the
OMG-UML(OMG, 2001))andmetadatarepositories
(OMG-MOF based)in distributedheterogeneousen-
vironments.XMI allowsmetadatato beinterchanged
as streamsof files with a standardXML-basedfor-
mat. TheXMI specificationsupportstheinterchange
of any kind of metadatathat can be expressedus-
ing theMOF specification,includingbothmodeland
metamodelinformation. The specificationsupports
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anencodingof metadataconsistingof bothcomplete
modelandmodelfragment,aswell asa tool-specific
extensionmetadata.The XMI specificationhastwo
majorcomponents:
� The XML DTD Production Rules for producing

XML DocumentTypeDefinitions(DTDs) for XMI
encodedmetadata.

� The XML DocumentProductionRulesfor encod-
ing metadatainto anXML compatibleformat.The
productionrulescanbeappliedin reverseto decode
XMI documentsandreconstructthemetadata.

We proposea representationof theOMT-G model
by meansof XMI,andobtainamaterializedmodelca-
pableof being parsed. From thereit is possibleto
obtain the Ontologiesfor eachobject of the model.
Oncewegetall themodelsto berepresentedin XMI,
we constructthe Ontologiesfor the classesand the
attributesof themodelobtainedin XMI. Afterwards,
weconstructthetreesOntologiesandit finally makes
a matchingof Ontologiesandresolve, in certainde-
gree,thesemanticheterogeneity.

4.3 Solving Semantic Heterogeneity

At this level, Ontologiestreeswereobtainedfrom all
componentschemas.It is alsonecessaryto addto the
treesall additionalinformation from metadata,con-
text andinformationcorrelation,consideringthatthis
informationis ableto semanticallyenrichtheOntol-
ogy.
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Figure2: CreatingOntologiesfrom schemaswith OMT-G
model

In theFig. 2 wepresenthow theOntologiesshould
be createdfrom materializedschemasand how it
gatherinformationfrom metadataandcontext. Meta-
dataandContext informationshouldbeexpressedin
XML. It is thenpossibleto usetheactualtechnology
from W3Cto expresstheOntologies.

The OWL Web OntologyLanguage(W3C, 2002)
is beingdesignedby the W3C Web OntologyWork-
ing Groupin orderto provide a languagethatcanbe
usedfor applicationsthatneedto understandthecon-
tent of informationinsteadof just understandingthe

human-readablepresentationof thecontent.OWL fa-
cilitatesa greatermachinereadabilityof webcontent
thanXML, RDF, andRDF-Ssupportby providing an
additionalvocabulary for termdescriptions.Thereby,
it is possibleto createmetadata,context information
and Ontologiesfrom schemasrepresentedin XMI,
becauseall of themareusingXML technology.

Thereby, we proposethe useof OWL to express
the Ontologies and to use the matching technics
(KilpeläinenandMannila, 1995) for searchingsim-
ilarities anddifferencesbetweentheobjectsthathave
to beintegrated.

4.4 GML the most Standard

Another solution for our framework is the use
of a model from the OpenGIS Consortium. It
is based on the OGC Abstract Specification
(http:www.opengis.org/techno/specs.htm). This
might be a better solution than the OMT-G-based
one, becauseit currently is the most solid spec-
ification, and it has many technological features
additional. The main GIS corporationssoftwareare
compliant with the specificationsof GML (ESRI,
MapINFO, ORACLE, Galdosand more). Thereby
we think that any solution which GML is part of,
will be the mostcapableto achieve the objective of
searching“Interoperabilityandintegrationof spatial
source”.

Actually, the GML version2.1.2 is an OpenGIS
recommendationpaper. Version3 is now in draft,but
it is for surethemaintrendof standardizationfor rep-
resentationof spatialandgeographicdata.TheGML
is an XML encodingprotocol for the transportand
storageof geographicinformation,includingboththe
spatialandnon-spatialpropertiesof geographicfea-
tures(geographicfeaturescanbe consideredas “an
abstraction of real world phenomenon;it is a geo-
graphicfeature if it is associatedwith a locationrel-
ativeto theEarth” ).

In GML the way to face the problem of multi-
resolution and multi-representation is achieved
by using some application schema, or style
XSLT(eXtensible Stylesheet Language Transfor-
mations(X3C, 1999)). This allows the creationof
many versionsof a setof spatialor geographicdata.

JustasOMT-G divide the levels for presentation,
GML hasbeendesignedto uphold the principle of
separatingcontentfrom presentation.GML provides
mechanismsfor the encodingof geographicfeature
datawithout consideringhow the datamay be pre-
sentedto a humanreader. SinceGML is anXML ap-
plication,it canbereadilystyledinto avarietyof pre-
sentationformats,including vectorandrastergraph-
ics, text, soundand voice. Generationof graphical
outputsuchasmapsis oneof themostcommonpre-
sentationsof GML andthis canbeaccomplishedin a
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variety of waysincluding direct renderingby graph-
ical appletsor styling into an XML graphictechnol-
ogy.

4.4.1 Application Schema

GML provide three XML schemabasedocuments:
feature.xsd,geometry.xsdandxlinks.xsd.Thesebase
GML schemaseffectively provide a meta-schema,or
asetof foundationclasses,from whichanapplication
schemacanbe constructed.Also, the GML specifi-
cationprovidetheguidelinesandrulesfor developing
the applicationschema.For the version3 of GML,
thegroupof OpenGISis preparingtheuseof profiles
andof morebaseschemas; however, it hasno inci-
denceon our solutionin interoperabilityconsidering
thatwe areworking at theXMI level.
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TheUML ModelTransformationTool,UMT (Old-
evik, 2002)is capableof transformingsomeXMI into
GML and opposite. With UMT, we can obtain the
modelin XMI, thentheprocessis similarthanapplied
to OMT-G. In the Fig. 3 we presenteda framework
working with this technology.

Fromhere,we canmake useof UMT asa tool for
codinganddecodingtheGML model,in orderto ob-
tain the XMI model and transformit into GML, as
well asfor the reversestep(to obtaintheGML from
XMI).

5 FUTURE WORK

In this paperwe have presenteda framework for
integrationof spatialdata,spatialdatabasesandmost
spatial sources. But we are working on a product
software that could be applied to the framework
purpose.Wearewaitingtheresultsfrom theW3Cfor
adoptingOWL for representingthe ontologiesand
the new versionof UMT for transformingthe XMI
into someGML v3. Also, the time dimensionis out
of thescopeof this paper. Thereby, asa futurework,
it is necessaryto take the temporaldimensioninto

account.
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