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Abstract. With the phenomenagjrowth of the WWW, rich datasourceson mary differentsubjectshave become
availableonline. Someof thesesourcesstoredaily factsthatofteninvolve textual geographiadescriptionsThese
descriptionanbe percevedasindirectly georeferencedata- e.g.,addressegglephonenumberszip codesand
placenames. Underthis perspectie, the Web becomesa large geospatiabatabasepften providing up-to-date
local or regionalinformation. In this work we focuson usingthe Web asanimportantsourceof urbangeographic
informationandproposeto enhanceairbanGeographidnformationSystemqGIS) usingindirectly georeferenced
dataextractedfrom the Weh We describean ervironmentthatallows the extractionof geospatiabatafrom Web
pagescorvertsthemto XML format,anduploadsthe corverteddatainto spatialdatabasefor laterusein urban
GIS. The effectivenesof our approachs demonstratethy a realurbanGIS applicationthat usesstreetaddresses
asthebasisfor integratingdatafrom differentWeb sourcescombiningthesedatawith high-resolutiorimagery

1 Intr oduction

With the phenomenagjrowth of the World Wide Web, rich
datasourcen mary differentsubjectshave becomeavail-
ableonline[15]. Someof thesesourcesrerelevantprimar
ily to communitieswithin aspeci c geographigegion. For
instance Web sitescontaininginformationon restaurants,
theatersmovies,andshopsconcerrmostly Webuserswho
dwell in the neighborhoodf theselocations[4]. Further
more,they oftenincludeindirectly georeferencedatasuch
asaddressedelephonenumbers zip codes,placenames,
and other textual geographicdescriptions. By indirectly
georefeilenceddata we meanspatial datawith no associ-
atedcoordinate(x,y) data. Neverthelessthis kind of data
canbe corvertedto positionaldatausing,for example,ad-
dresamatchingfunctions[3]. Indirectly georeferencedata
aboundon the Internet. Thus,the Web canbe seenasa
large geospatiablatabasé¢hat often providesup-to-datere-
gionally relevantinformation.

In spite of being publicly andreadily available, Web
datacanhardly be properlyqueriedor manipulatedas, for
instance traditionaland spatialdatabasef8, 15. To ma-
nipulateWeb datamore ef ciently , someresearcherbave

resortedto ideastaken from databaseechniques. Web
sourcesareusuallyformedasHTML documentsn which
dataof interest(e.qg., public facilities) is implicit. Their
structurecanonly be detectedby visual inspectionandis
not declaredexplicitly. In mostcasessuchdataare mixed
with markuptags, other strings, and in-line code. Thus,
it is dif cult to gatherandto useonly the dataof interest.
Furthermorethe structureof mostdataon the Webis only
suggestedy presentatiorfeatures. Therefore,almostall
Web dataare unstructuredr semistructuredl], andcan-
not be manipulatedusing traditional databasdechniques.
In orderto overcomethis problem,a possiblestratagy is
to extractdatafrom Web sourcego populatedatabasefor
further handling, for instance,by using specialprograms
calledwrappes [8, 15]. As shawn in this paper ananalo-
gousstrategy canbe appliedto extractgeographicontext
from Web pagego populatespatialdatabaseshusprovid-
ing meandor supportinghew location-basedlVebservices.
In this work we focuson usingthe Web asanimpor-
tant information sourcefor humanand urban geographic
information.Informationaboutcitiesis currentlybeingac-
cumulatedasonlinedigital contentsoothin anurbanGeo-



graphiclnformationSystem(GIS) andin local Web pages.
An urbanGIS storesnformationaboutcities,includingge-
ographicattributes;Web pagesstoredaily life information
relevantto local Webuserq10]. Theideabehindourwork

is thatit is possibleto enhancean urbanGIS using indi-

rectly georeferencedataand information extractedfrom

theWeh Theresultingdatacanbe usedto build new GIS

applicationsor to updatespatialdatabases.

It is importantto notice that both data acquisition
and updatingin urbanervironmentsare costly and time-
consuming.n developedcountriesespeciallyin the USA,
thereare usuallygovernmentahation-wideefforts to gen-
erateandto maintainaddresslatabases.The US Census
Bureau, for instance,maintainsand distributesat a very
low costits TIGER (Topolagically Integrated Geayraphic
Encodingand Refeencing les, in which streetaddresses
arecodedasa setof attributesfor segmentsof streetcen-
terlines.Theresultis aconsiderableamountof freely avail-
able structuredgeospatiadata. In emepgentcountries,on
theotherhand thesituationis quitethe oppositebecausef
theassociatedostsandthelack of policiesthatenforcethe
updatingandintegrity of geographicddatabasesin Brazil,
the collection of geospatialdata has beensystematically
hamperedoy budgetlimitations. Brazilian local govern-
mentshave to oversedarge areasandtheir budgetsmust
respondo priorities otherthanupdatingspatialdatabases.
Therefore thereis a needfor ingeniuossolutionsto imple-
ment low-cost geographicdatacollections. The fact that
Brazil hasthelargestWebnetwork in Latin America,along
with theincreasinghumberof local governmentswith ded-
icatedWeb pages suggestshat our solutioncanbe effec-
tively implementedandwill help diminish the lack of up-
to-dategeographidnformationat theregionallevel.

In this paperwe presentan ervironmentthat allows
the extractionof geospatiablatafrom Web pages.The so-
lution alsomakesthecorversionto a suitableformat(in our
implementationXML) anduploadshe corverteddatainto
spatialdatabasefor later usein urbanGIS. Our approach
focusesspeci cally ontheintegrationof datafrom distinct
Web sourcesurbanGlS, andhigh-resolutionimagery us-
ing streetaddressess the basisfor integration. This so-
lution hasseveral advantages.First, addresseare natural
keysto accessingirbanGIS andthey aremostcommornthe
form of spatiallocalizationusedby generalpublic in Web
pages.Secondjn urbanplanningit is dif culty to closely
monitorthe evolution of citywide activitiesandphenomena
and, by usingour solution, Web datasourcescanbe used
as geographidknowledgebases.Furthermorejt provides
a simple and inexpensve solution for keepinggeospatial
databasesp-to-date.

The remainderof this paperis organizedas follows.
Section2 discusseselatedwork. Section3 describesour
approachto extractaddressdatafrom Web sources. Sec-

tion 4 describesan implementedcasestudy which inte-

gratesWeb datainto GIS in areal applicationfor the city

of Belo Horizonte,Brazil. Informationfrom Web sources
is combinedwith high-resolutionimagery to enhancean

urbanGlIS. Finally, Section5 presentzonclusions.

2 RelatedWork

Recently mary researchefforts have beenconductedon
therecognitionanduseof geospatiainformationfrom Web
sites.It hasbeendemonstratethatdiscovery andexploita-
tion of geographiénformationin Web pagess quite feasi-
ble, andexploitation of suchinformationprovidesa useful
new paradignfor thenavigationandretrieval of Webinfor-
mation[17]. Sometechniquesare proposedor extraction
of the geographicatontext of webpagespasedontheoc-
currenceof text addressand postcodes,placenamesand
telephonenumbers. Kambayashiet al. [13] divide these
efforts into three categories. The rst cateory — map-
enhanced\eb applications— usesmapsasa userfriendly
interfacefor the Web, thusmakingit possibleto handlege-
ographicdatathroughusualWebbrowserg10, 12, 17, 18].
The secondcategory exploits geographidocationinforma-
tion that is found on Web pages. This information con-
sists of place names,latitude/longitudepairs, postal ad-
dresses,and so on, usedto classify and to index Web
pages[3, 4, 6, 12, 18]. The third cateyory focuseson
theintegrationof Web informationandgeographidnowl-
edge[13, 17. Some approachedelongto more than
onecatgory. In additionto the initiativesreferredin this
section,there are somecommercialsites which have re-
cently startedoffering a geographicsearchcapability In
thesesitesit is possibleto locateplacesof interestin the
vicinity of a given addressand to navigate to their Web
sites[7, 9, 11, 19, 20]. Yet,thesesiteshave beenbuilt to lo-
catebusinesdVebpageswhich arepreviously storedin the
searchsite's database.Furthmore,they cannotrecognize
alternatve namedor the sameplaceor informal names.

Our approactdiffersfrom the onesjust mentionecbe-
causewe useWeb dataas a sourcefor the improvement
of geographicknowledgeon the city, which includesbe-
ing ableto populateandenrichurbanGIS databasesasing
informationextracteddirectly from theWeh Ourmainmo-
tivationis to take advantageof Web data,a rich sourceof
local information,aswell asto offer an alternatve for the
creationof new GIS data,sincedataacquisitioncostsarea
very importantissue[16].

3 Obtaining Spatial Information from Web Sources

To make it possibleto createan ervironmentto integrate
Web pagedo spatiallocationinformation,we hadto meet
severalchallenges.The rst wasto extractindirectly geo-
referenceddatain textual form (suchas postaladdresses)



from the contentsof Web pages. We stressthat suchin-
formation, when available, is implicit and occursas ary
otherordinarystring mixed with HTML markup. In GIS,
theproces®f recognizinggeographicontext is referredto
asgeopassing andthe procesf assigninggeographico-
ordinatess referredto asgeocoding17]. Thissectiondis-
cussegdhe efforts to geoparseandto geocodeNeb pages.
The extractedaddresseactaskeys to thegeocoder

The secondchallengewasto establishwaysfor trans-
forming the extracted spatial location information in the
form they are provided by the genericpublic to the form
they are storedin a typical GIS. After that, a setof geo-
graphiccoordinatesorrespondindo the addressesanbe
obtained,usingan addressnatchingfunction. Finally, the
extractedinformation was insertedinto the GIS database
andsuperimposedn high-resolutiorimageryor maps.

Thebasicprocedurdor our applicationis (1) to crawl
Websitesto collectthepagesontainingdataof interest(2)
to geoparsehe collectedpagedo extract geographidndi-
cationandthe relevantdata,(3) to make the dataavailable
in an suitableformat (in our case,XML), (4) to geocode
the addresseito a coordinatesystem,(5) to updatethe
GIS databas@nd, nally (6) to integrateinformationfrom
severalgeospatiatiata. Theresultingsystencanbeusedby
municipalities userswith somekind of urbanGlS database,
or geographidatabaseesigners.

This section describeshow step 2 can be accom-
plishedby deploying the DEBYE (DataExtractionBy Ex-
ample)[14] example-base@pproacho automaticallyex-
tractsemistructuredata. Thisapproachs morecorvenient
for our applicationbecauset letsthe userspecifyatarget
structurefor the datato be extracted.Furthermoretheuser
might be interestedn only a subsetf the informationen-
codedin the page.Moreover, DEBYE doesnot requirethe
userto describeheinherentstructureof awholepage.

3.1 The DEBYE Tool

DEBYE is a tool that hasbeendevelopedby the UFMG
Databasésroupto generatesvrappersfor extractingdata
from Web pages. It is fully basedon a visual paradigm,
which allows the userto specifya setof examplesfor the
objectsto be extracted. Exampleobjectsaretaken from a
samplepageof the sameWeb sourcefrom which otherob-
jects(data)will beextracted.By examiningthestructureof
the Web pageandthe HTML text surroundinghe example
data thetool derivesanObjectExtractionPattern(OEP),a
setof regular expressionghatincludesinformationon the
structureof the objectsto be extractedandalsothe textual
context in which the dataappearin the Web pages. The
OEPis thenpassedo a general-purposerapperthatuses
it to extractdatafrom new pagesin the sameWeb source,
provided that they have structureand contentssimilar to

Web Source
Sample Page

' Web Source |
< I cul Target Pages

B
DEBYE
User l ‘
Object Extractio ‘H Extractor ‘-» [Extracted Objec}s
Patterns

Figure2: Modulesof the DEBYE tool andtheirrole in the
dataextractionprocess

thesamplepage by applyingregularexpressiongandsome
structuringoperationg14]. DEBYE currently operatesas
a Web service,to be usedby ary applicationthat wishes
to provide dataextraction functionality to end users. For
generaldataextractionsolutions,a DEBYE interfacebased
on the paradigmof nestedtablesis used,which is simple,
intuitive, andyet powerful enoughto describehierarchical
structuresthat are very commonin dataavailable on the
Weh Thesamplepagesaredisplayedn theupperwindow,
also called the source window The lower window, also
calledthe table window; is usedto assemblexampleob-
jects. Theusercanselectpiecesof dataof interestfrom the
sourcewindow and“paste”themontherespectie columns
of thetablewindow After specifyingthe exampleobjects,
theusercanselectthe“GeneratéNrapper’buttonto gener
atethe correspondingddEPR which encompassestructural
andtextual informationon the objectspresentn the sam-
ple page.Oncegeneratedthis OEPis usedby anextractor
modulethatwill performthe actualdataextractionof new
objectsandthenwill outputthemusinganXML-basedrep-
resentation.DEBYE is also capableof dealingwith more
comple objects,by usinga so-calledbottom-upassembly
strat@y, explainedin [14]. Figurel shows a snapshobdf
ausersessiorwith anexampleobjectin the lower window
(tablewindow) andthe extractedobjectsshavedin HTML
formatin theupperwindow. Figure2 present@&novervien
of the whole DEBYE approach. The two modulescalled
GraphicalUserInterface(GUI) andExtractorcomposehe
DEBYE tool.

3.2 GeocodingProcesausing Addr esses

Oneobvious sourceof geospatialnformationis the postal
addresswhich is universally usedto facilitate the deliv-
ery of physicalmail to aspeci c locationaroundtheworld.
Thoughrecognitionof addresseis afairly studiedoroblem,
it is complicatedby thefactthatformattingstandardwary
considerablyfrom one country to another[17]. Further
more,in the samecountryit is commonto have variations
for the encodingof the sameaddress.The postaladdress
mayor maynothave elds for eachaddressingomponent,
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Figurel: Snapshobf anexamplespeci cationsessiorwith the DEBYE Interface

suchasthoroughfiretype(streetavenue plaza,andsoon),
thoroughfire name, building number neighborhoodcity,
state,country zip code,andpossiblyothers. Thus,recog-
nizing addressdatafrom Web pagesis complicated since
thereareno x edrulesfor specifyingaddresselds.

Addressesn Web pagesaretypically segmentednto
comma-delimitedelds or line breaks,and sometimesn-
formationsuchasthe countryis omitted. This broadvari-
ation in abbreiations, punctuation line breaks,and other
featuresthat are usedto expressthe sameaddressmakes
theparsingprocessnorecomplicated3, 17]. Eventhough
ourapproachtakesadvantageof userprovidedexamplego
recognizeandto extractaddresses is not easyto separate
the elds thatcomposeheaddresgorrectly Thereforepur
strat@y is to extracttheaddressvithoutworrying aboutdi-
viding it into elds. Oncean addresshasbeenextracted,
it mustbe parsedinto a consistenformat in orderto be
searchedor in theaddressinglatabaseThus,we postpone
theparsingproblemshatnormallyariseuntil we getto the
geocodingstep. The mostfrequentproblemsinclude mis-
spellings,format variations, different namesusedfor the
samelocation, and coincidentalnamesfor differentthor-
oughfares. The geocodingprocessncludesthreephases:
(1) the treatmentof the semi-structuredlphanumeriad-
dresseghat have beenextractedfrom the Web, (2) the es-
tablishmenbf acorrespondendeetweerthe structuredad-
dressandtheaddressinglatabaséhematdingphase)and
(3) theactualassignmenof coordinateso theevent(thelo-
cationphase).

Startingfrom structuredaddressesactualgeocoding

canbe performedin severalways,dependingn the avail-
ableaddressingnformation.In orderto beableto perform
the parsing, matching,and locating tasks, the geocoding
processneedsto have accessto a databasen which in-
formation aboutthe addressingystemare stored. There
aretwo basiccategoriesof informationin sucha database.
The rst catgoryis comprisedf theactualaddressingn-
frastructurewith objectssuchaspoint-georeferenceithdi-
vidual addresseandstreetcenterlinesith addressanges.
The secondncludesary additionalinformationitemsthat
canbeusedto resole ambiguitiesor asaroughgeographic
referencan casethe addressfor arny reasongcannotbelo-
catedn the rst category. Thisincludesslementsuchasall
sortsof spatialreferenceaunits(areaobjectsthatcorrespond
to arti cial borders,suchasneighborhoodimits, districts,
ZIP areasmunicipaldivisions,andsoon),alongwith acat-
alogof referencepointsknown by thecitizens.This catalog
cancontainwhatwe call “referenceplaces”,i.e., popularly
known spotsin a city thatcanbereferencedy nameonly,
pointsthat are so easilyrecognizecby the populationthat
theirlocationdoesnotrequirea formal addressOf course,
the addressinglatabaseanbe ratherincomplete depend-
ing on the available dataabouta given city or location.
Our goal is to accommodatehis by trying to geocodeat
themostpreciselevel rst, and,if thatis not possible suc-
cessvely resortingto lessprecisegeocodingmethodsuntil
somelocationcanbeestablished.

Sincewe do not assumeary particularstructuringin
the incoming addresswe must be able to determinethe
structureby analyzingthe string of text correspondingo



it. The objective of this processs to createa structuredu-
ple containingevery signi cant pieceof informationfrom
the original addressstring. If necessaryaddressingele-
mentsfound in the string are normalizedor adjustedbe-
fore becoming elds in the tuple. This processis called
the geopassing of the original addressThe algorithmsthat
canbe usedin the parsingof the addressarevery similar
to the onesusedin programminganguagesn orderto as-
sessthe syntaxof a languageconstruct. The string gets
initially divided into tokens,consideringwhitespacechar
acterg(blanks,commaspoints,hyphensandsoon) asde-
limiters. The resultingsetof tokensis thenanalyzedse-
quentially in an attemptto determinethe function of each
oneof them. The analysisof eachtoken usesthe address-
ing databasein orderto establishhypothesessto what
is the function of eachterm (token) in the original ad-
dress. Thetoken functionswe look for are (1) Thorough-
faretype: streetavenue plaza,boulevardandsoon, along
with their usualabbreviations;(2) Thoroughfrename:the
name popularly associatedwith the thoroughtre; thor-
oughfarenamescanalso have shortenedrersions popular
nicknamesandoldernameghatneedto betakeninto con-
siderationy3) Streemumber:numberthatis usuallyposted
at the door of eachbuilding, to indicatea sequenceavithin
the thoroughtre; (4) Neighborhood nameof ary intra-
municipal division thatis usedto identify distinct regions
within the city's limits and(5) additionaldata,suchascity
name,state,andpostalcode. Theresultof the parsingis a
setof fully structuredaddressedn which thereare elds
for eachof the componentddenti ed. One a postal ad-
dresshasbeenrecognizedcandparsedt mustbe geocoded
into coordinatesystemsuchaslatitudeandlongitude. The
matchingfunctionrequiresathoroughfrecodefor eachof
addressxtractedandparsed.All the problemspreviously
mentionedmustbe solvedin this phase.This is important
becaus¢herecanberedundanhamesj.e., morethanone
streetcanhave the samename possiblyin differentneigh-
borhoods. Also, thereis no guaranteehat the thorough-
farenamegesultingfrom the parsingprocessarecomplete,
correct,or even existent. However, therecanbe situations
in which the thorough&renamealonecannotdeterminea
singlethorough&recode,like in the caseof homorymous
streets.We mustthenbe ableto resortto additionalinfor-
mation, suchasa postalcodeor a neighborhoodchame,in
orderto establisithecorrectthoroughfirecodeassociation.
After the geocodingtask,dataobjectsextractedfrom
Web sitescan be storedin a spatialdatabase.Theseob-
jectsrepresengentitiesin the real world, like restaurants,
hotelsand museums. Eachobject hasa setof attributes
(e.g.,name streetphone URL) anda positionin the GIS.

4 An Application Experience- The Caseof Belo Hori-
zonte

We choseto work with a spatialdatabasdrom the local
governmenif Belo Horizonte.Belo Horizontewasoneof
the rst Brazilian municipal administrationto develop an
urbanGIS. Thecity's databaséncludes400,000individual
addresseand0.40-meteresolutionmages.Thesawo fac-
tors, plusthe vastamountof informationaboutthe city on
the Internet,enabledus to develop a prototypeapplication
for Belo Horizonteto validateour proposal.

The dataintegratedby our applicationcomesfrom
six differentsourcesBelo Horizontes high-resolutionm-
agery (available at www.belohorizonte.com), Belo
Horizonte urban GIS data, and four distinct Web
sites (www.passeiolgal.com.by  www.terra.com.br,
www.inbh.com.by www.comidadiluteco.com.br) The
selectedsites provide information about hotels, eleven
categyoriesof restaurantgpubs,museumsndothercultural
attractions,consulatesadwertising ageng, o wer shops,
movie theaterstheatersglothingstores|ibraries,hospitals
andemepgeng room. A subsebf pagesavailablein each
sitewascollectedamounting65 pagesand540objects.

We next usedthe DEBYE tool to parsethe collected
pages extractingthe namesof pointsof interestandtheir
addresse¢Figure 1). The setof extracteddatawerethen
codedin anXML-basedformat.

In orderto geocodehe extractedaddressesye must
transformtheminto the formatin which they are storedin
the Belo Horizontes addressinglatabase.The resultis a
setof fully structuredaddressesontaining(1) thorough-
faretype (street,avenue,plaza,boulevard and so on), (2)
thoroughfrename,(3) building number (4) neighborhood
or othertypesof complementarynformation.

Eachpostaladdresgecognizedand parsedwas next
geocodedisingan addressnatchingfunction. Finally, all
dataextractedfrom the Web pageswheretheseaddresses
wererecognizedvere storedin a spatialdatabasendas-
signed(x,y) coordinatepoints.

As aresult,we extendedBelo HorizonteGIS database
with twenty eight news tables. The attributesof theseta-
bles were: place name, thoroughfre type, thoroughfire
name,streetnumber neighborhoodandindividual address
assignectode. Theresultsof experimentsaresummarized
in Table1. Column*“Pages”containthe numberof pages
collectedin eachsite, column“Objects” containthe num-
berof objectsin eachsite, column“Extracted” containthe
numberof objectsextracted,column“Exact” containthe
numberof the addressesnatchedwith exact locationsin
the addressinglatabasecolumn“Close” containthe num-
berof addressewhich wereplacedatthenumericallyclos-
estaddresson the samestreetor at an approximateoca-
tion, basedon a referencepoint, andthe last column“Not
Found”containthenumberof addressewhich couldnotbe



Figure3: Integrationof urbaninformationfrom Webpages
with geographicdatabaseand high-resolutionmageryin
aGISernvironment

located. As for the geocoding 90% of the addressewere
matchedy exactlocations.Theremaining8%wereplaced
at the numericallyclosestaddressor at a referencepoint.
Someobjectscould not be locatedbecauseheir addresses
wereincompleteor inexistent(2%).

Thenew geographideaturesvereoverlappedo high-
resolutionimageryin theGIS, thusallowing for mary kinds
of mapsto be producedby integratingpointslocatedfrom
theWeb sitesto existing GIS data(Figure3). This allowed
integratedbrowsing of all facilitieswithin anarea.For ex-
ample,the Web site www.passeiolgal.com.br(one of our
Web datasources)providesinformation aboutrestaurants
andhotels. However thereis a speci ¢ pagefor eachcui-
sine type and a separatgagefor hotels. This preventsa
userto getinformationon all restaurantseara hotel,since
thesiteallows theuserto searchonly onesubjectatatime.
Oursolutionsolvesthis problem.Anotherformto visualize
all extracteddatais a new geographigage.This approach
providesan opportunityto createa new informationspace
for everydaylife. We useAlov Map [2], afree software,to
publishour GIS datain theinternet(Figure4).

5 Conclusionand Futur e Work

In this work we focus on using the Web as an important
sourceof urbangeographignformationandproposeto en-
hanceurban GIS using indirectly georeferencedlata ex-
tractedfrom the Weh We describean ervironmentthat
allows the extraction of geospatiadatafrom Web pages,
convertsthemto XML format, and uploadsthe corverted
datainto spatialdatabasefor later usein urbanGIS. Our
proposalis centeredon the integration of urbaninforma-
tion from local Web pageswith geographiadatabaseand
high-resolutionimageryin a GIS ervironment. All Web
pagesthat refer to public spacesncluding, for instance,
restaurantsschools,hospitals,shoppingcenters,and the-
aters,canbe collected,their dataextractedand associated
with thecity's map. Integrationwith existing GIS datawill

Figure4: Web browsershaving hotels,typical restaurants
and cultural attractionsextractedfrom Web sourcesand
Schoolsxtractedfrom spatialdatabase

allow, for instance urbanplannergo have a morerealistic
view of the city, with the actualdistribution of its services.
Theeffectivenes®f our approachis demonstratetly areal

urbanGIS applicationthatusesstreetaddresseasthebasis
for integratingdatafrom differentWeb sourcesgombining
themwith high-resolutionmagery Althoughstill prelimi-

nary, theresultsobtainedwith ourapplicationprototypeare
encouraging.

Our future work includesthe use of ontology-based
toolsto automaticallyrecognizeheindicationsof theurban
geographicaktontet of Web pages,including the recog-
nition of addressesZIP codes, referenceplace names,
andpopularnamedor urbanlocations,for which the user
would not have to provide examplesas shavn here. An-
otherline of work involvesproposinga way to assigngeo-
graphiclocationsto local Web pagesin which thelocation
of the pages subjectis storedwithin theHTML code.This
canprovide meansto index Web pagesaccordingto their
geographicalocation(s). In this approachcoordinatesor
otherforms of geographiaeferencecanbe retrieved from
Web pagesandbeincludedin a spatialindex. This spatial
index can be usedto improve the retrieval process;users
would be ableto provide the usualkeywords, along with
placereferencesn which their interestlies. This canalso
have animportanteffectonthetoolsandresourceshatcan
beusedto updatespatialdatabasessinginformationavail-
ablein the Internetfor that. We arealsoworking on inte-
gratingdataextractedfrom multiple sourceg5] in orderto
improve the geocodingprocess.Web sourcesmight over
lap (an attribute may be availablefrom several sources)r
containreplicateddata. An appropriatentegrationof such
sourcewill contrituteto decreas¢heefforts of geocoding,
thusimproving dataquality.
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