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Abstract. With thephenomenalgrowth of theWWW, rich datasourcesonmany differentsubjectshavebecome
availableonline. Someof thesesourcesstoredaily factsthatofteninvolve textual geographicdescriptions.These
descriptionscanbeperceivedasindirectly georeferenceddata- e.g.,addresses,telephonenumbers,zip codesand
placenames.Under this perspective, the Web becomesa large geospatialdatabase,often providing up-to-date
localor regionalinformation.In this work we focusonusingtheWebasanimportantsourceof urbangeographic
informationandproposeto enhanceurbanGeographicInformationSystems(GIS) usingindirectly georeferenced
dataextractedfrom theWeb. We describeanenvironmentthatallows theextractionof geospatialdatafrom Web
pages,convertsthemto XML format,anduploadstheconverteddatainto spatialdatabasesfor laterusein urban
GIS.Theeffectivenessof our approachis demonstratedby a realurbanGIS applicationthatusesstreetaddresses
asthebasisfor integratingdatafrom differentWebsources,combiningthesedatawith high-resolutionimagery.

1 Intr oduction

With thephenomenalgrowth of theWorld Wide Web,rich
datasourcesonmany differentsubjectshavebecomeavail-
ableonline[15]. Someof thesesourcesarerelevantprimar-
ily to communitieswithin aspeci�c geographicregion. For
instance,Web sitescontaininginformationon restaurants,
theaters,movies,andshopsconcernmostlyWebuserswho
dwell in theneighborhoodof theselocations[4]. Further-
more,they oftenincludeindirectlygeoreferenceddatasuch
asaddresses,telephonenumbers,zip codes,placenames,
and other textual geographicdescriptions. By indirectly
georeferenceddata we meanspatialdatawith no associ-
atedcoordinate(x,y) data. Nevertheless,this kind of data
canbeconvertedto positionaldatausing,for example,ad-
dressmatchingfunctions[3]. Indirectlygeoreferenceddata
aboundon the Internet. Thus, the Web can be seenas a
largegeospatialdatabasethatoftenprovidesup-to-datere-
gionally relevantinformation.

In spiteof beingpublicly andreadily available,Web
datacanhardlybeproperlyqueriedor manipulatedas,for
instance,traditionalandspatialdatabases[8, 15]. To ma-
nipulateWeb datamoreef�ciently , someresearchershave

resortedto ideas taken from databasetechniques. Web
sourcesareusuallyformedasHTML documentsin which
dataof interest(e.g., public facilities) is implicit. Their
structurecanonly be detectedby visual inspectionandis
not declaredexplicitly. In mostcases,suchdataaremixed
with markuptags,other strings,and in-line code. Thus,
it is dif�cult to gatherandto useonly thedataof interest.
Furthermore,thestructureof mostdataon theWebis only
suggestedby presentationfeatures. Therefore,almostall
Web dataareunstructuredor semistructured[1], andcan-
not be manipulatedusing traditional databasetechniques.
In order to overcomethis problem,a possiblestrategy is
to extractdatafrom Websourcesto populatedatabasesfor
further handling, for instance,by using specialprograms
calledwrappers [8, 15]. As shown in this paper, ananalo-
gousstrategy canbeappliedto extractgeographiccontext
from Webpagesto populatespatialdatabases,thusprovid-
ing meansfor supportingnew location-basedWebservices.

In this work we focuson usingtheWeb asan impor-
tant information sourcefor humanand urbangeographic
information.Informationaboutcitiesis currentlybeingac-
cumulatedasonlinedigital contentsboth in anurbanGeo-



graphicInformationSystem(GIS) andin local Webpages.
An urbanGISstoresinformationaboutcities,includingge-
ographicattributes;Webpagesstoredaily life information
relevantto local Webusers[10]. Theideabehindour work
is that it is possibleto enhancean urbanGIS using indi-
rectly georeferenceddataand information extractedfrom
theWeb. Theresultingdatacanbeusedto build new GIS
applicationsor to updatespatialdatabases.

It is important to notice that both data acquisition
and updatingin urbanenvironmentsare costly and time-
consuming.In developedcountries,especiallyin theUSA,
thereareusuallygovernmentalnation-wideefforts to gen-
erateand to maintainaddressdatabases.The US Census
Bureau,for instance,maintainsand distributesat a very
low cost its TIGER (Topologically IntegratedGeographic
EncodingandReferencing) �les, in which streetaddresses
arecodedasa setof attributesfor segmentsof streetcen-
terlines.Theresultis aconsiderableamountof freelyavail-
ablestructuredgeospatialdata. In emergentcountries,on
theotherhand,thesituationis quitetheoppositebecauseof
theassociatedcostsandthelackof policiesthatenforcethe
updatingandintegrity of geographicdatabases.In Brazil,
the collection of geospatialdatahas beensystematically
hamperedby budget limitations. Brazilian local govern-
mentshave to overseelarge areas,andtheir budgetsmust
respondto prioritiesotherthanupdatingspatialdatabases.
Therefore,thereis a needfor ingeniuossolutionsto imple-
ment low-cost geographicdatacollections. The fact that
Brazil hasthelargestWebnetwork in Latin America,along
with theincreasingnumberof localgovernmentswith ded-
icatedWeb pages,suggeststhatour solutioncanbe effec-
tively implementedandwill help diminish the lack of up-
to-dategeographicinformationat theregionallevel.

In this paperwe presentan environmentthat allows
theextractionof geospatialdatafrom Webpages.Theso-
lution alsomakestheconversionto asuitableformat(in our
implementation,XML) anduploadstheconverteddatainto
spatialdatabasesfor laterusein urbanGIS. Our approach
focusesspeci�cally on theintegrationof datafrom distinct
Web sources,urbanGIS, andhigh-resolutionimagery, us-
ing streetaddressesas the basisfor integration. This so-
lution hasseveral advantages.First, addressesarenatural
keysto accessingurbanGISandthey aremostcommonthe
form of spatiallocalizationusedby generalpublic in Web
pages.Second,in urbanplanningit is dif�culty to closely
monitortheevolutionof citywideactivitiesandphenomena
and,by usingour solution,Web datasourcescanbe used
asgeographicknowledgebases.Furthermore,it provides
a simple and inexpensive solution for keepinggeospatial
databasesup-to-date.

The remainderof this paperis organizedas follows.
Section2 discussesrelatedwork. Section3 describesour
approachto extract addressdatafrom Web sources.Sec-

tion 4 describesan implementedcasestudy, which inte-
gratesWeb datainto GIS in a real applicationfor the city
of Belo Horizonte,Brazil. Informationfrom Web sources
is combinedwith high-resolutionimagery, to enhancean
urbanGIS.Finally, Section5 presentsconclusions.

2 RelatedWork

Recently, many researchefforts have beenconductedon
therecognitionanduseof geospatialinformationfrom Web
sites.It hasbeendemonstratedthatdiscoveryandexploita-
tion of geographicinformationin Webpagesis quitefeasi-
ble, andexploitationof suchinformationprovidesa useful
new paradigmfor thenavigationandretrieval of Webinfor-
mation[17]. Sometechniquesareproposedfor extraction
of thegeographicalcontext of webpages,basedon theoc-
currenceof text addressandpostcodes,placenamesand
telephonenumbers. Kambayashiet al. [13] divide these
efforts into three categories. The �rst category – map-
enhancedWeb applications– usesmapsasa user-friendly
interfacefor theWeb,thusmakingit possibleto handlege-
ographicdatathroughusualWebbrowsers[10, 12, 17, 18].
Thesecondcategoryexploitsgeographiclocationinforma-
tion that is found on Web pages. This information con-
sists of place names,latitude/longitudepairs, postal ad-
dresses,and so on, used to classify and to index Web
pages[3, 4, 6, 12, 18]. The third category focuseson
the integrationof Web informationandgeographicknowl-
edge [13, 12]. Some approachesbelong to more than
onecategory. In additionto the initiativesreferredin this
section,thereare somecommercialsiteswhich 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,thesesiteshavebeenbuilt to lo-
catebusinessWebpages,whicharepreviouslystoredin the
searchsite's database.Furthmore,they cannotrecognize
alternativenamesfor thesameplaceor informalnames.

Ourapproachdiffersfrom theonesjustmentionedbe-
causewe useWeb dataas a sourcefor the improvement
of geographicknowledgeon the city, which includesbe-
ing ableto populateandenrichurbanGIS databasesusing
informationextracteddirectly from theWeb. Ourmainmo-
tivation is to take advantageof Web data,a rich sourceof
local information,aswell asto offer an alternative for the
creationof new GIS data,sincedataacquisitioncostsarea
very importantissue[16].

3 Obtaining Spatial Inf ormation fr om WebSources

To make it possibleto createan environmentto integrate
Webpagesto spatiallocationinformation,we hadto meet
severalchallenges.The �rst wasto extract indirectly geo-
referenceddatain textual form (suchaspostaladdresses)



from the contentsof Web pages. We stressthat suchin-
formation, when available, is implicit and occursas any
otherordinarystring mixed with HTML markup. In GIS,
theprocessof recognizinggeographiccontext is referredto
asgeoparsing, andtheprocessof assigninggeographicco-
ordinatesis referredto asgeocoding[17]. Thissectiondis-
cussesthe efforts to geoparseandto geocodeWeb pages.
Theextractedaddressesactaskeys to thegeocoder.

Thesecondchallengewasto establishwaysfor trans-
forming the extractedspatial location information in the
form they areprovided by the genericpublic to the form
they are storedin a typical GIS. After that, a set of geo-
graphiccoordinatescorrespondingto theaddressescanbe
obtained,usinganaddressmatchingfunction. Finally, the
extractedinformation was insertedinto the GIS database
andsuperimposedonhigh-resolutionimageryor maps.

Thebasicprocedurefor our applicationis (1) to crawl
Websitesto collectthepagescontainingdataof interest,(2)
to geoparsethecollectedpagesto extractgeographicindi-
cationandtherelevantdata,(3) to make thedataavailable
in an suitableformat (in our case,XML), (4) to geocode
the addressesinto a coordinatesystem,(5) to updatethe
GIS databaseand,�nally (6) to integrateinformationfrom
severalgeospatialdata.Theresultingsystemcanbeusedby
municipalities,userswith somekindof urbanGISdatabase,
or geographicdatabasedesigners.

This section describeshow step 2 can be accom-
plishedby deploying theDEByE (DataExtractionBy Ex-
ample)[14] example-basedapproachto automaticallyex-
tractsemistructureddata.Thisapproachis moreconvenient
for our applicationbecauseit lets theuserspecifya target
structurefor thedatato beextracted.Furthermore,theuser
might be interestedin only a subsetof the informationen-
codedin thepage.Moreover, DEByE doesnot requirethe
userto describetheinherentstructureof a wholepage.

3.1 The DEByE Tool

DEByE is a tool that hasbeendevelopedby the UFMG
DatabaseGroupto generateswrappersfor extractingdata
from Web pages. It is fully basedon a visual paradigm,
which allows theuserto specifya setof examplesfor the
objectsto be extracted.Exampleobjectsaretaken from a
samplepageof thesameWebsourcefrom whichotherob-
jects(data)will beextracted.By examiningthestructureof
theWebpageandtheHTML text surroundingtheexample
data,thetool derivesanObjectExtractionPattern(OEP),a
setof regularexpressionsthat includesinformationon the
structureof theobjectsto beextractedandalsothetextual
context in which the dataappearin the Web pages. The
OEPis thenpassedto a general-purposewrapperthatuses
it to extractdatafrom new pagesin thesameWeb source,
provided that they have structureand contentssimilar to

Web Source
Sample Page

User

Target Pages
Web Source

Extracted Objects

DEByE

Object Extraction
Patterns

GUI

Extractor

Figure2: Modulesof theDEByE tool andtheir role in the
dataextractionprocess

thesamplepage,by applyingregularexpressionsandsome
structuringoperations[14]. DEByE currentlyoperatesas
a Web service,to be usedby any applicationthat wishes
to provide dataextraction functionality to endusers. For
generaldataextractionsolutions,a DEByE interfacebased
on theparadigmof nestedtablesis used,which is simple,
intuitive, andyet powerful enoughto describehierarchical
structuresthat are very commonin dataavailable on the
Web. Thesamplepagesaredisplayedin theupperwindow,
also called the source window. The lower window, also
calledthe table window, is usedto assembleexampleob-
jects.Theusercanselectpiecesof dataof interestfrom the
sourcewindow and“paste”themontherespectivecolumns
of thetablewindow. After specifyingtheexampleobjects,
theusercanselectthe“GenerateWrapper”buttonto gener-
ate the correspondingOEP, which encompassesstructural
andtextual informationon the objectspresentin the sam-
ple page.Oncegenerated,this OEPis usedby anextractor
modulethatwill performtheactualdataextractionof new
objectsandthenwill outputthemusinganXML-basedrep-
resentation.DEByE is alsocapableof dealingwith more
complex objects,by usinga so-calledbottom-upassembly
strategy, explainedin [14]. Figure1 shows a snapshotof
a usersessionwith anexampleobjectin thelower window
(tablewindow) andtheextractedobjectsshowedin HTML
formatin theupperwindow. Figure2 presentsanoverview
of the whole DEByE approach.The two modulescalled
GraphicalUserInterface(GUI) andExtractorcomposethe
DEByEtool.

3.2 GeocodingProcessusingAddr esses

Oneobvioussourceof geospatialinformationis thepostal
address,which is universally usedto facilitate the deliv-
eryof physicalmail to aspeci�c locationaroundtheworld.
Thoughrecognitionof addressesisafairly studiedproblem,
it is complicatedby thefact that formattingstandardsvary
considerablyfrom one country to another[17]. Further-
more,in thesamecountryit is commonto have variations
for the encodingof the sameaddress.The postaladdress
mayor maynothave�elds for eachaddressingcomponent,



Figure1: Snapshotof anexamplespeci�cationsessionwith theDEByEInterface

suchasthoroughfaretype(street,avenue,plaza,andsoon),
thoroughfarename,building number, neighborhood,city,
state,country, zip code,andpossiblyothers.Thus,recog-
nizing addressdatafrom Web pagesis complicated,since
thereareno �x edrulesfor specifyingaddress�elds.

Addressesin Web pagesaretypically segmentedinto
comma-delimited�elds or line breaks,andsometimesin-
formationsuchasthecountryis omitted. This broadvari-
ation in abbreviations,punctuation,line breaks,andother
featuresthat are usedto expressthe sameaddressmakes
theparsingprocessmorecomplicated[3, 17]. Eventhough
ourapproachtakesadvantageof user-providedexamplesto
recognizeandto extractaddressesit is not easyto separate
the�elds thatcomposetheaddresscorrectly. Therefore,our
strategy is to extracttheaddresswithoutworryingaboutdi-
viding it into �elds. Oncean addresshasbeenextracted,
it must be parsedinto a consistentformat in order to be
searchedfor in theaddressingdatabase.Thus,wepostpone
theparsingproblemsthatnormallyariseuntil we getto the
geocodingstep. Themostfrequentproblemsincludemis-
spellings,format variations,different namesusedfor the
samelocation, and coincidentalnamesfor different thor-
oughfares. The geocodingprocessincludesthreephases:
(1) the treatmentof the semi-structuredalphanumericad-
dressesthathave beenextractedfrom theWeb, (2) thees-
tablishmentof acorrespondencebetweenthestructuredad-
dressandtheaddressingdatabase(thematchingphase),and
(3) theactualassignmentof coordinatesto theevent(thelo-
cationphase).

Startingfrom structuredaddresses,actualgeocoding

canbeperformedin severalways,dependingon theavail-
ableaddressinginformation.In orderto beableto perform
the parsing,matching,and locating tasks,the geocoding
processneedsto have accessto a databasein which in-
formation aboutthe addressingsystemare stored. There
aretwo basiccategoriesof informationin sucha database.
The�rst category is comprisedof theactualaddressingin-
frastructure,with objectssuchaspoint-georeferencedindi-
vidualaddressesandstreetcenterlineswith addressranges.
Thesecondincludesany additionalinformationitemsthat
canbeusedto resolveambiguitiesor asaroughgeographic
referencein casetheaddress,for any reason,cannotbelo-
catedin the�rst category. Thisincludeselementssuchasall
sortsof spatialreferenceunits(areaobjectsthatcorrespond
to arti�cial borders,suchasneighborhoodlimits, districts,
ZIP areas,municipaldivisions,andsoon),alongwith acat-
alogof referencepointsknownby thecitizens.Thiscatalog
cancontainwhatwe call “referenceplaces”,i.e.,popularly
known spotsin a city thatcanbereferencedby nameonly,
pointsthat areso easilyrecognizedby thepopulationthat
their locationdoesnot requirea formaladdress.Of course,
theaddressingdatabasecanberatherincomplete,depend-
ing on the available dataabout a given city or location.
Our goal is to accommodatethis by trying to geocodeat
themostpreciselevel �rst, and,if that is not possible,suc-
cessively resortingto lessprecisegeocodingmethodsuntil
somelocationcanbeestablished.

Sincewe do not assumeany particularstructuringin
the incoming address,we must be able to determinethe
structureby analyzingthe string of text correspondingto



it. Theobjectiveof this processis to createa structuredtu-
ple containingevery signi�cant pieceof informationfrom
the original addressstring. If necessary, addressingele-
mentsfound in the string are normalizedor adjustedbe-
fore becoming�elds in the tuple. This processis called
thegeoparsingof theoriginal address.Thealgorithmsthat
canbe usedin the parsingof the addressarevery similar
to theonesusedin programminglanguagesin orderto as-
sessthe syntaxof a languageconstruct. The string gets
initially divided into tokens,consideringwhitespacechar-
acters(blanks,commas,points,hyphens,andsoon) asde-
limiters. The resultingset of tokensis thenanalyzedse-
quentially, in anattemptto determinethe functionof each
oneof them. Theanalysisof eachtokenusestheaddress-
ing database,in order to establishhypothesesas to what
is the function of eachterm (token) in the original ad-
dress.The token functionswe look for are(1) Thorough-
faretype: street,avenue,plaza,boulevardandsoon,along
with their usualabbreviations;(2) Thoroughfarename:the
name popularly associatedwith the thoroughfare; thor-
oughfarenamescanalsohave shortenedversions,popular
nicknames,andoldernamesthatneedto betakeninto con-
sideration;(3) Streetnumber:numberthatis usuallyposted
at thedoorof eachbuilding, to indicatea sequencewithin
the thoroughfare; (4) Neighborhood: nameof any intra-
municipaldivision that is usedto identify distinct regions
within thecity's limits and(5) additionaldata,suchascity
name,state,andpostalcode.Theresultof theparsingis a
setof fully structuredaddresses,in which thereare �elds
for eachof the componentsidenti�ed. One a postalad-
dresshasbeenrecognizedandparsedit mustbegeocoded
into coordinatesystemsuchaslatitudeandlongitude.The
matchingfunctionrequiresa thoroughfarecodefor eachof
addressextractedandparsed.All theproblemspreviously
mentionedmustbesolved in this phase.This is important
becausetherecanberedundantnames,i.e., morethanone
streetcanhave thesamename,possiblyin differentneigh-
borhoods. Also, thereis no guaranteethat the thorough-
farenamesresultingfrom theparsingprocessarecomplete,
correct,or evenexistent. However, therecanbesituations
in which the thoroughfarenamealonecannotdeterminea
singlethoroughfarecode,like in thecaseof homonymous
streets.We mustthenbeableto resortto additionalinfor-
mation,suchasa postalcodeor a neighborhoodname,in
orderto establishthecorrectthoroughfarecodeassociation.

After thegeocodingtask,dataobjectsextractedfrom
Web sitescan be storedin a spatialdatabase.Theseob-
jects represententitiesin the real world, like restaurants,
hotelsand museums. Eachobject hasa set of attributes
(e.g.,name,street,phone,URL) anda positionin theGIS.

4 An Application Experience- The Caseof Belo Hori-
zonte

We choseto work with a spatialdatabasefrom the local
governmentof Belo Horizonte.Belo Horizontewasoneof
the �rst Brazilian municipal administrationto develop an
urbanGIS.Thecity'sdatabaseincludes400,000individual
addressesand0.40-meterresolutionimages.Thesetwo fac-
tors,plus thevastamountof informationaboutthecity on
the Internet,enabledus to developa prototypeapplication
for Belo Horizonteto validateourproposal.

The data integratedby our applicationcomesfrom
six differentsources:Belo Horizonte'shigh-resolutionim-
agery (available at www.belohorizonte.com.br), Belo
Horizonte urban GIS data, and four distinct Web
sites (www.passeiolegal.com.br, www.terra.com.br,
www.inbh.com.br, www.comidadibuteco.com.br). The
selectedsites provide information about hotels, eleven
categoriesof restaurants,pubs,museumsandothercultural
attractions,consulates,advertising agency, �o wer shops,
movie theaters,theaters,clothingstores,libraries,hospitals
andemergency room. A subsetof pagesavailablein each
sitewascollectedamounting65pagesand540objects.

We next usedthe DEByE tool to parsethe collected
pages,extractingthe namesof pointsof interestandtheir
addresses(Figure1). The setof extracteddatawerethen
codedin anXML-basedformat.

In orderto geocodetheextractedaddresses,we must
transformtheminto the format in which they arestoredin
the Belo Horizonte's addressingdatabase.The result is a
set of fully structuredaddressescontaining(1) thorough-
faretype (street,avenue,plaza,boulevard andso on), (2)
thoroughfarename,(3) building number, (4) neighborhood
or othertypesof complementaryinformation.

Eachpostaladdressrecognizedandparsedwas next
geocodedusingan addressmatchingfunction. Finally, all
dataextractedfrom the Web pageswheretheseaddresses
wererecognizedwerestoredin a spatialdatabaseandas-
signed(x,y) coordinatepoints.

As aresult,weextendedBeloHorizonteGISdatabase
with twenty eight news tables. The attributesof theseta-
bles were: place name, thoroughfare type, thoroughfare
name,streetnumber, neighborhoodandindividual address
assignedcode.Theresultsof experimentsaresummarized
in Table1. Column“Pages”containthe numberof pages
collectedin eachsite,column“Objects” containthenum-
berof objectsin eachsite,column“Extracted”containthe
numberof objectsextracted,column “Exact” containthe
numberof the addressesmatchedwith exact locationsin
theaddressingdatabase,column“Close” containthenum-
berof addresseswhichwereplacedat thenumericallyclos-
estaddresson the samestreetor at an approximateloca-
tion, basedon a referencepoint, andthe last column“Not
Found”containthenumberof addresseswhichcouldnotbe



Figure3: Integrationof urbaninformationfrom Webpages
with geographicdatabasesandhigh-resolutionimageryin
a GISenvironment

located.As for thegeocoding,90%of theaddresseswere
matchedby exactlocations.Theremaining8%wereplaced
at the numericallyclosestaddressor at a referencepoint.
Someobjectscouldnot be locatedbecausetheir addresses
wereincompleteor inexistent(2%).

Thenew geographicfeatureswereoverlappedto high-
resolutionimageryin theGIS,thusallowing for many kinds
of mapsto beproducedby integratingpointslocatedfrom
theWebsitesto existingGIS data(Figure3). This allowed
integratedbrowsingof all facilitieswithin anarea.For ex-
ample,the Web site www.passeiolegal.com.br(oneof our
Web datasources)providesinformationaboutrestaurants
andhotels. However thereis a speci�c pagefor eachcui-
sine type anda separatepagefor hotels. This preventsa
userto getinformationonall restaurantsnearahotel,since
thesiteallows theuserto searchonly onesubjectata time.
Oursolutionsolvesthisproblem.Anotherform to visualize
all extracteddatais a new geographicpage.This approach
providesanopportunityto createa new informationspace
for everydaylife. We useAlov Map [2], a freesoftware,to
publishour GISdatain theinternet(Figure4).

5 Conclusionand Futur eWork

In this work we focuson using the Web as an important
sourceof urbangeographicinformationandproposeto en-
hanceurbanGIS using indirectly georeferenceddataex-
tractedfrom the Web. We describean environment that
allows the extraction of geospatialdatafrom Web pages,
convertsthemto XML format, anduploadsthe converted
datainto spatialdatabasesfor later usein urbanGIS. Our
proposalis centeredon the integrationof urbaninforma-
tion from local Web pageswith geographicdatabasesand
high-resolutionimageryin a GIS environment. All Web
pagesthat refer to public spacesincluding, for instance,
restaurants,schools,hospitals,shoppingcenters,and the-
aters,canbe collected,their dataextractedandassociated
with thecity'smap.Integrationwith existingGISdatawill

Figure4: Web browsershowing hotels,typical restaurants
and cultural attractionsextractedfrom Web sourcesand
Schoolsextractedfrom spatialdatabase

allow, for instance,urbanplannersto have a morerealistic
view of thecity, with theactualdistribution of its services.
Theeffectivenessof ourapproachis demonstratedby areal
urbanGISapplicationthatusesstreetaddressesasthebasis
for integratingdatafrom differentWebsources,combining
themwith high-resolutionimagery. Althoughstill prelimi-
nary, theresultsobtainedwith ourapplicationprototypeare
encouraging.

Our future work includesthe useof ontology-based
toolsto automaticallyrecognizetheindicationsof theurban
geographicalcontext of Web pages,including the recog-
nition of addresses,ZIP codes, referenceplace names,
andpopularnamesfor urbanlocations,for which theuser
would not have to provide examplesasshown here. An-
otherline of work involvesproposinga way to assigngeo-
graphiclocationsto local Webpages,in which thelocation
of thepage'ssubjectis storedwithin theHTML code.This
canprovide meansto index Web pagesaccordingto their
geographicallocation(s). In this approach,coordinatesor
otherformsof geographicreferencecanbe retrievedfrom
Webpagesandbeincludedin a spatialindex. This spatial
index can be usedto improve the retrieval process;users
would be able to provide the usualkeywords,along with
placereferencesin which their interestlies. This canalso
haveanimportanteffecton thetoolsandresourcesthatcan
beusedto updatespatialdatabases,usinginformationavail-
ablein the Internetfor that. We arealsoworking on inte-
gratingdataextractedfrom multiple sources[5] in orderto
improve the geocodingprocess.Web sourcesmight over-
lap (anattributemaybeavailablefrom severalsources)or
containreplicateddata.An appropriateintegrationof such
sourceswill contributeto decreasetheeffortsof geocoding,
thusimproving dataquality.



Table1: ExperimentalResults
Site Pages Objects Extracted Exact Close Not Found

www.passeiolegal.com.br 12 122 122 120 - 2
www.terra.com.br 2 52 52 48 4 -
www.inbh.com.br 38 277 277 237 33 7

www.comidadibuteco.com.br 13 89 89 83 6 -
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