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Informationintegrationhasbeenanimportantareaof researctior mary years,andthe problemof integration

of geographidatahasrecentlyemeged. This paperpresentsanapproactbasedon the useof Ontologiesfor
solving the problemof semanticheterogeneityn the procesof the constructionof a Fedeated Sthemain
the framework of geographiaata. We male useof a standardechnology(OMT-G basedUML, XMI based

XML, GML from OpenGIS)

1 INTRODUCTION

Interoperability and integration of heterogeneous
datahave beensomeof thegoalsto achieseduringthe
lastfew years. From software corporationgo world
scientificinstitutions,researcherareworking onit.

Thispapemresentaframenvork basecbonBLOOM
(Abell6 et al., 1999) which is basedon Federated
Databasérchitecture(ShethandLarson,1990). The
BLOOM architectureespeciallyaddssecuritylevels.
In thispapermoreover, we changaghescopdromtra-
ditional Databaseto spatialDatabasednsideof this
Federated\rchitecture atthelevel of schemantegra-
tion, we make useof Ontologiedor solvingSemantic
Heterogeneity

Semanticallyrich information(i.e. metadatagcon-
text information) is addedto Native Sthemaat the
bottomlevel andthis informationwill aid for assess-
ing semanticsimilarity acrossontologiesin orderto
allow the constructionof the Fedeated Shema In
this frameawork, after the GeospatialSthemalevel,
(in which all modelsare native), theseschemasare
transformednto a CanonicalDataModel. A Canon-
ical DataModel (Castellanost al., 1992)is a com-
mon model for all ComponeniSchhemas 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 modelingthe geometryandtopologyof
geographiadata, providing supportfor “whole-part”
topological structures,network structures,multiple

views of objectsand spatialrelationships.In a sec-
ond solution, we make usethe abstractmodel from
OpenGI§OpenGIS1999).

The other part of this paper proposeso materi-
alize the modelsfrom OMT-G or OpenGISin XMI
(OMG, 2002). Themain purposeof XMl is to enable
easyinterchangef metadatdbetweermodelingtools
(basedon the OMG-UML(OMG, 2001)) and meta-
datarepositories(OMG-MOMased),n a distributed
andheterogeneousrvironment.

Oncethe modelin XMI is materialized,we con-
struct the Ontologiesfor the objectsin the model.
Theneachobjectshouldhave its own ontologyand,
afterwards, match the ontologies of the different
schemado integrate. In this matchingprocessit is
possibleto know whetherthereis a correspondence
betweenOntologies, and which object is semanti-
cally parallelto another In this way, it is possible
to achieve a semiautomatischemantegration. Con-
tinuing with levels of the framework, the Federated
Schemashouldbe authorizedat the level Authorized
Sdema They shouldalsobefilteredthroughthe Ex-
ternal Sdhemato finally obtaina User Schemaat the
top of theframework.

In this paperwe first analyzethe integrationprob-
lemin the section2 andrelatedresearchn section3.
We presenbur architecturan the section4 andthen
studytheuseof OMT-G,GML andXMI in it. Finally,
we considerfuturework in the lastsection.



2 THEINTEGRATION PROBLEM

Numerous geographic information integration
projectshave becomerelatively important. Projects
for the integration of geographicinformation have
been developed in mary countries and orga-
nizations, from NASA's Jet Propulsion Labora-
tory (http://www,jpl.nasa.ge/srtm)to integratedge-
ographic data systemslike Kyoto's Digital City
(http://www.digitalcity.grjp). Many big software
companiegESRI,Mapinfo, Autodeskandsoon)also
invest in researchin this field. Databasespecial-
izedsoftwarepackageshave addedcharacteristicso
managespatialdata(i.e. Oracle Spatial, DB2 Spatial
ExtenderInformix SpatialDataBladeModule).

For thesereasonspneof themaingoalsis to elim-
inate the problemsin the integration and interoper
ability of geographicand spatialdata. Theseprob-
lemshave beenstudiedby differentauthors. One of
the biggestproblemis the resolutionof heterogene-
ity (ShethandLarson,1990)in federateddatabases,
which mostcomplicatedpart to resole is Semantic
Hetelogeneity(Samoset al., 1999)). This problemis
studiedundernew light with the integrationof Geo-
graphicandSpatialDatabasesActually, Geographic
Information Systems(GIS) are usedat a very large
scale. The usertries to get information from very
differentsystemsnstantly with only onesnapshaow.
The userwould like to seesomeinformation about
locationsfrom city’s databasesnd mapsfrom GIS
bankon a mobile device, and often on a very small-
sizedscreen Also, hemaywantto useGPStechnol-
ogy (Global PositioningSystem)to saywhetherthis
placeis nearor far from his actualposition. He may
alsobewilling to make aresenationor to buy some-
thing. With morecomplicatedeaturestheusercould
revise home devices before some purchase. These
applicationsare intensie in internal processingand
quitetransparento theuser

Onestratagy to facethe problemof interoperabil-
ity andintegrationis theadoptionof standardslf they
areadopted semanticheterogeneitwill be lessand
theinformationlossin theintegrationprocesswill be
alsoreduced. Many associationscommittees,con-
sortiums,organizationsandprogramswork on stan-
dardizationof this kind of information XML (W3C,
2000),GML (OpenGIS2002),FDGC-UDK (Gunter
andVoisard,1998)andso on. The OGC (OpenGIS
Consortiumhttp://www.opengis.og) is one of them.
The OpenGlSincludesa model for standardization
of geographicdata (OpenGlS,1999), and also de-
finesalanguageor it, the GeographidMiarkup Lan-
guageGML (OpenGlS,2002) (basedon eXtensible
Markup Language).In modelinglanguagesctually
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)(XML basedandUMT (Oldevik, 2002)(UML-
GML based)andis therebystandardased.

3 RELATED WORKS

Schemalntegration refersto integration schemas
into a singleschemgeg., federatedschemadevelop-
ment by integrating schemasn a bottom-upFDBS
developmentprocess). Many approachesnd tech-
niquesfor schemaintegrationreportedin the litera-
ture. ShethandLarsonin (ShethandLarson,1990)
remark the unfeasibility of the completeautomatic
schemaintegrationprocess.This is not possiblebe-
cause amongotherreasons(1) the data modelsare
unableto captuie a real-world state completely (2)
it will be necessaryto capture mud more informa-
tion than is typically capturedin a schema,and (3)
there can be multiple views and interpretations of
real-world state;and the interpretationschange with
time One of the main problemsis the compari-
sonstep(identifying namingconflicts,homoryms,or
synoryms). Fromtheview pointof integrationof spa-
tial databasethereis a light advantageto resohe this
problem. Now thereis alot of informationavailable
for add as semanticinformationfor schemaintegra-
tion. With thearrival of new technologyandnew pos-
sibilities of storage,it is possibleto talk of nearau-
tomaticsolving of semanticheterogeneityn schema
integration.

Aroundthis approachtherearealot of approxima-
tions. Toolsdevelopedto performschemantegration
arereportedin (HayesandRam,1990),(Shethetal.,
1988). Sheth(Shethet al., 1988), for example,de-
scribeaforms-basednteractive tool to integrateEER
schemasvith away semiautomatioguidingto thein-
tegratorthroughthe procesof integration. Recently
the focus has changedfrom schematicto semantic
integration of heterogeneousources(Sheth,1999).
Many approache$or solving semanticproblemsare
consideringhe useof ontologiesasthe bestsolution.
Examplesare: OBSER/ER (Menaet al., 1998),ap-
pliesontologiesto replacetermsin userquerieswith
suitableterms in target ontologies; SHOE (Heflin
and Hendler 2000) and Ontobroler (Benjaminsand
Fensel,1998)arein the framewnork of semantidNeh
They useontologiesto improve the searchingabili-
tieson the weh DB-MAIN (Thiran et al., 2000)is
a CASE tool. It try to integrate all the aspectsof
the Federatednformation Systemdevelopment,but
in the procesf solvingsemantidor theintegration,
is neccesarynuchinterventionof expert.

Researctapproachfrom view point of spatialand
geographicsourcesare (Rodfiguez, 2000; Fonseca,
2001; Fonsecaet al., 2002). (Rodiiguez,2000)is
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basedon a subsetof two ontologies, unlike OB-
SERV/ER, the solution doesnot createnen ontolo-
gies,but createdinks betweersimilar entitiesin dis-
tinct ontologies. Fonsecan (Fonseca2001)directs
the researchfrom ontologiesbut not from database
schemas.In our researchwe profit the powerful of
ontologiesfor solving semanticproblemin the con-
structionof thefederatedschema.

4 FEDERATED ARCHITECTURE
WITH ONTOLOGIES

In this sectionwe presentour framewnork proposal
for the use of Ontologiesinside a FederatedArchi-
tecturein orderto resole the semanticheterogeneity
problemin the schemaintegration. In the Fig.1 we
presentheframework.
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4.1 OMT-G as Canonical Data
M oded

Applicationsto modelgeographywereguidedby ex-

isting GIS internalstructuresforcing the usersto use
the structuresfor interpretationof spatial phenom-
enaaccordingto whatever structureswvere available.
Thereby the modelingprocesddid not offer mecha-

nismsthat would allow for the representatiomf re-
ality accordingto the users mentalmodel. OMT-
G (Borgeset al., 2001) (ObjectModeling Technique
for GeographicApplications)wasinitially basedon
the classicOMT(Rumbaughet al., 1991) classdia-
gram notation, and later adaptedto matchthe con-
ceptsandnotationof the Unified ModelingLanguage
(UML(OMG, 2001)). OMT-G offers primitivesthat
provide the meansfor modeling the geometryand
topologyof geographiaata,makingthe modelingof
geographi@pplicationsasier

In this article we studythe useof OMT-G for the
representatiorof ComponentSdhema The frame-
work takesadvantageof the characteristicef OMT-
G becauseit provides primitives to model the ge-
ometry and topology of geographicdata, providing
supportfor “whole-part” topologicalstructures net-
work structuresmultiple views of objects,and spa-
tial relationships Besidesthe OMT-G modelallows
the specificationof alphanumericattributes and as-
sociatedmethodsfor eachclass. The main strong
points of the OMT-G model are its graphicexpres-
sivenessandits representatiocapabilities sincetex-
tual annotationsare replacedby the drawing of ex-
plicit relationships. For an extendedexplanationof
OMT-G you canreferto (Borgeset al., 2001). Be-
tweenthe big problemsare the multi-representation
andmulti-resolutionof spatialand geographidnfor-
mation (Spaccapietrat al., 2000). Thoseproblems
arecoveredin themodelof OMT-G, by meansof the
definitionof geneamlizationandspecializationaggre-
gation and conceptualgenerlization A separation
betweenlevels of abstractions necessary For geo-
graphicapplications,threelevels of abstractioncan
be considered the conceptualrepresentationlevel,
presentatiorievel and implementatiorlevel OMT-G
primitivesleadto threediagrams:class,transforma-
tion and presentation. We profit from this charac-
teristicsof OMT-G, thenin the level of Component
Sdemawe make useof OMT-G for representinghe
different componentssources. Once we obtain the
componenschemaijt is possibleobtainthe modelin
XMI representation.

4.2 XMlI for Codifying the Model

The main purposeof XML Metadatalnterchange
XMl (OMG, 2002) is to enableeasy interchange
of metadatabetweenmodeling tools(basedon the
OMG-UML(OMG, 2001))andmetadataepositories
(OMG-MOF based)in distributed heterogeneousn-
vironments.XMI allows metadatdo beinterchanged
as streamsof files with a standardXML-based for-
mat. The XMI specificationrsupportgheinterchange
of ary kind of metadatathat can be expressedus-
ing the MOF specificationjncludingbothmodeland
metamodelinformation. The specificationsupports



ICEIS 2003-

anencodingof metadataonsistingof both complete
modelandmodelfragment,aswell asa tool-specific
extensionmetadata.The XMI specificationhastwo
majorcomponents:

e The XML DTD Production Rulesfor producing
XML DocumenfTypeDefinitions(DTDs) for XMl
encodednetadata.

e The XML DocumentProductionRulesfor encod-
ing metadatanto an XML compatibleformat. The
productiorrulescanbeappliedin reverseto decode
XMI documentandreconstructhe metadata.

We proposea representationf the OMT-G model
by meansof XMl,and obtainamaterializednodelca-
pable of being parsed. From thereit is possibleto
obtain the Ontologiesfor eachobject of the model.
Oncewe getall themodelsto berepresenteth XMl,
we constructthe Ontologiesfor the classesand the
attributesof the modelobtainedin XMI. Afterwards,
we constructhetreesOntologiesandit finally makes
a matchingof Ontologiesandresol\e, in certainde-
gree,thesemanticheterogeneity

4.3 Solving Semantic Heter ogeneity

At this level, Ontologiestreeswereobtainedfrom all
componenschemasilt is alsonecessaryo addto the
treesall additionalinformation from metadatacon-
text andinformationcorrelation,consideringhatthis
informationis ableto semanticallyenrichthe Ontol-

ogy.
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Figure2: CreatingOntologiesfrom schemasvith OMT-G
model

In theFig. 2 we presenthow the Ontologiesshould
be createdfrom materializedschemasand how it
gatherinformationfrom metadatandcontet. Meta-
dataand Context informationshouldbe expressedn
XML. It is thenpossibleto usethe actualtechnology
from W3C to expressthe Ontologies.

The OWL Web Ontology Languageg(W3C, 2002)
is beingdesignediy the W3C Web Ontology Work-
ing Groupin orderto provide a languagehatcanbe
usedfor applicationghatneedto understandhecon-
tent of informationinsteadof just understandinghe

human-readablpresentatiomf the content. OWL fa-
cilitatesa greatemrmachinereadabilityof web content
thanXML, RDF, andRDF-Ssupportby providing an
additionalvocahulary for termdescriptionsThereby
it is possibleto createmetadatacontext information
and Ontologiesfrom schemagepresentedn XM,
becausall of themareusingXML technology

Thereby we proposethe use of OWL to express
the Ontologies and to use the matching technics
(Kilpelainenand Mannila, 1995) for searchingsim-
ilarities anddifferencedetweerthe objectsthathave
to beintegrated.

44 GML themost 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.og/techro/spes.htm) This
might be a better solution than the OMT-G-based
one, becauseit currently is the most solid spec-
ification, and it has mary technological features
additional. The main GIS corporationssoftware are
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 achiese the objective of
searchind'Interoperability and integration of spatial
source”.

Actually, the GML version2.1.2is an OpenGIS
recommendatiopaper Version3 is now in draft, but
it is for surethemaintrendof standardizatioffor rep-
resentatiorof spatialandgeographiaata. The GML
is an XML encodingprotocol for the transportand
storageof geographidnformation,includingboththe
spatialand non-spatialpropertiesof geographidea-
tures(geographideaturescan be consideredas “an
abstmaction of real world phenomenonit is a geo-
graphicfeature if it is associatedvith a locationrel-
ativeto the Earth”).

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

Justas OMT-G divide the levels for presentation,
GML hasbeendesignedto uphold the principle of
separatingontentfrom presentationGML provides
mechanismgor the encodingof geographicfeature
datawithout consideringhow the datamay be pre-
sentedo ahumanreader SinceGML is anXML ap-
plication,it canbereadilystyledinto avarietyof pre-
sentationformats,including vectorandrastergraph-
ics, text, soundand voice. Generationof graphical
outputsuchasmapsis oneof the mostcommonpre-
sentation®f GML andthis canbe accomplishedn 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.xsdgeometryxsdandxlinks.xsd. Thesebase
GML schemagffectively provide a meta-schemagr
asetof foundationclassesfrom whichanapplication
schemacan be constructed.Also, the GML specifi-
cationprovide theguidelinesandrulesfor developing
the applicationschema. For the version3 of GML,
thegroupof OpenGlSis preparingthe useof profiles
and of more baseschemas however, it hasno inci-
denceon our solutionin interoperabilityconsidering
thatwe areworking atthe XMl level.
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Figure3: CreatingOntologiesfrom GML Schemas

TheUML Model Transformatiorifool, UMT (Old-
evik, 2002)is capableof transformingsomeXMI into
GML and opposite. With UMT, we can obtain the
modelin XMI, thentheprocesss similarthanapplied
to OMT-G. In the Fig. 3 we presented framevork
working with this technology

Fromhere,we canmake useof UMT asatool for
codinganddecodingthe GML model,in orderto ob-
tain the XMl model and transformit into GML, as
well asfor the reversestep(to obtainthe GML from
XML).

5 FUTURE WORK

In this paperwe have presenteda framework for
integrationof spatialdata,spatialdatabaseandmost
spatial sources. But we are working on a product
software that could be applied to the framework
purpose We arewaiting theresultsfrom the W3C for
adopting OWL for representinghe ontologiesand
the new versionof UMT for transformingthe XMl
into someGML v3. Also, thetime dimensionis out
of the scopeof this paper Thereby asa future work,
it is necessaryto take the temporaldimensioninto

account.
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