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Abstract
In this work, we presentan applicationarchitecturethat in-
tegratesgeographicinformationsystems(GIS) datainto an
applicationthatsupportsseveraladvancedcapabilities.This
applicationis implementedonthepreviouslydevelopedInter-
active LandUseVRML Application (ILUVA). Theapplica-
tion featuresthetheintegrationof dynamiccontentgenerated
by a server andsupportof live updates.Froma userrequest,
GIS layersareselected,translatedfrom ESRIShapefilesinto
VRML andtheninsertedintoaworld. Theserverarchitecture
is designedfor simpleadministrationandmaintenanceusing
JavaTM servletsto field userrequestsandmanageserverdata
repositories.As anexample,a world constructedto monitor
aSuperFundcleanupsiteis presented.

INTRODUCTION
The rapid evolution of the Internethasprovided oppor-

tunitiesfor providing contentin many different forms. The
Virtual RealityModelingLanguage(VRML) is anISO stan-
dardizedlanguagethatcanbeusedto specifyinteractivevir-
tual reality applications.Significantly, VRML hasbeende-
signedto operatein thecontext of theInternetfacilitatingthe
delivery of virtual reality contentover the Internet. In this
work, we review an applicationarchitecturethat integrates
geographicinformationsystems(GIS) datainto an applica-
tion thatsupportstwo powerful capabilities.First, a live up-
dateis the insertionof contentinto a world in sucha way
that the world doesnot needto be reloaded.Contentthat is
insertedcanbe moved,modified,andcanalsointeractwith
otheraspectsin theworlds. In our application,thenew con-
tent is specifiedby a URL and can thus be retrieved from
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anywhereon the Internet. Second,dynamiccontentis the
generationof content”on thefly” meaningthatbeforea par-
ticular requestfor content,no file existshaving therequested
content. The contentis synthesizedon the server from for-
eigndatasourcesanduserconfigurationdata.Thesetwo ca-
pabilitiesincreasethe flexibility andbreadthof our applica-
tion. Furthermore,we will give an overview of an applica-
tion developedto monitortheprogressof theFormerNanse-
mondOrdnanceDepot(FNOD)SuperFundcleanupsite.The
applicationfeaturesGIS registeredimagery, synthesisof dy-
namicVRML contentfrom ESRIShapefiles,andtheability
to createadditionallayersaslive updatesto theworld. Other
applicationcapabilitiesincludeediting of the attribute data,
selectionof desiredGIS layers,selectionof desiredimagery,
andsave/restoreoperationsfor operationsthatspecifyliveup-
dates.

Indeed,VRML hasmany desirablefeaturesthatmake it a
compellingrenderingtechnologyfor GIS applications[1, 2].
VRML offersbasiccapabilitiesof representingspatialdatain
threedimensionsaswell asfunctionality that allows imple-
mentationof observablechangesto any geometryto display
any associatedattributes.Theapplicationdomainsarebroad
andincludeurbanplanning[3,4] andgeographicinformation
systems(GIS) [1, 2]. Suchapplicationsrequirethe manipu-
lation anddisplayof large datasets. The generalapproach
followed is for the server to acceptqueriesfrom client ma-
chineandthenperformserver sideprocessingto satisfythe
request. Eachmodificationrequiresthe entire world to be
reloaded.For small datasets,reloadingis not a significant
issue;however, reloadinglargevisualizationscanaddunde-
sirablelatencies. Several other researchershave developed
notableVRML basedGIS applications.In [2], primitivesare
definedthat enablethe creationof worlds describedin true
geocoordinatesandthemanagementof largedatasets.Other
applicationsprovidemechanismsfor managingthecolumnof
datathataretypical of GISapplications.

Our VRML applicationshave evolved, first throughde-
velopmentof the client part [3, 5] and then have beenex-



tendedto includeclient server applications[6, 7]. Theclient
applicationsarestand-aloneapplicationsthatsupportliveup-
dates,whichis theability to addfeaturesto theworld without
reload.TheapplicationintegratesGISandplanninginforma-
tion for the themeof the application. To expandthe capa-
bilities, server processinghasbeendevelopedto increasethe
flexibility andcapabilities[5, 6]. Theserver processingpro-
videsthe opportunityto enforceaccesscontrol, selectionof
thecontentto beviewed,andgenerationof contentdynami-
cally. Theapplicationdescribedin this paper, a visualization
showing clean-upprogressof aSuperFundsite,extendsprior
efforts [3, 5–7] to createvirtual worlds thatallow configura-
tion of aworld andthetranslationof ESRIShapefiles[8] into
VRML. Thevirtual world wascreatedto supportpublic dis-
seminationof information relating to cleanupefforts for an
EPA SuperFundsiteoverseenby theNorfolk Divisionof the
Army Corpsof Engineers.TheFormerNansemondOrdnance
Depot(FNOD) in Suffolk, Virginia wasanordnancesite for
World War I andWorld War II munitions[9].

Thispaperis dividedup into fivesectionsincludinganin-
troduction,anoverview of VRML, anoutlineof thesoftware
architecture,anexamplehighlightingusageanda summary.

THE VIRTUAL REALITY MODELING LAN-
GUAGE

The Virtual Reality Modeling Language(VRML) [10]
providesa technologicalplatform from which threedimen-
sionalmodelsandworldscanbedeliveredover the Internet.
VRML hasthe capabilityto definesolid modelsandbehav-
iors. For example,one can definethe geometryof a solid
modelandalsodefinehow thatmodelcanchangein response
to useractivity. Thebasicprimitivesin aVRML programare
nodes.VRML is not optimizedwith any particularclassof
applicationsin mind. In thissection,wedescribesomeof the
morerelevantaspectsof VRML asthey relateto ourapplica-
tion.

VRML hasprimitives, termednodes,that describesolid
models, sensors,viewpoints, lighting, interpolations,and
arbitrary behaviors. Solid models are defined using the
VRML Shape node in which the geometryand appear-
anceof the model is defined. VRML offers a rich vari-
ety of geometrynodesfrom basicshapes(Sphere, Box,
Cone) to complex andarbitrary(IndexedLineSet, In-
dexedFaceSet, Extrusion). In our application,we use
Sphere, IndexedLineSet, IndexedFaceSet, and
Extrusion nodes.Theappearanceof a shapecaninclude
simplecoloration,indexedcoloration,or textures(bit maps)
paintedon the shapesurface. Sensorsareusedto sensethe
conditionsat differentlocationswithin theworld andalsoat
differenttimes.For example,draganddropfunctionalitycan
beimplementedusingaTouchSensor andaPlaneSen-
sor. In addition,animationscanbedrivenby aTimeSen-

sor. Viewpointsareassociatedwith certainstrategic points
within the world to aid the userin finding importantinfor-
mation. Groupingnodesare usedto define collectionsof
nodesto be treatedas one (Group, Transform) or spe-
cial functionality for a collectionof nodes(Switch, LOD).
An interpolatorwill takeasamplingof measurementsandin-
terpolatebetweensamples. An animatedviewpoint can be
createdusingaPositionInterpolator holdingasam-
pling of pointsalongthedesiredpath,aTimeSensor, and
a Translation node. The nodesusedin the animator
arelinked togetherusingROUTE declarations.Finally, with
lighting nodes,the mannerin which Shapesareilluminated
aredefined.

Arbitrary behaviorsaretreatedseparatelydueto theirrich-
nessandcomplexity. Script nodesprovidetheopportunity
to definegeneralbehaviors. A Script nodeconsistsof alist
input,outputandfieldsthatareusedwithin thescript.Thebe-
havior is definedusingeitherECMAScriptor Java,providing
a greatdealof flexibility in the behaviors. Several VRML
specificmethodsareof value in the Script node. First, the
loadURL methodallows thescriptto loadaURL thateither
replacesthe world or loadsin a namedframe. In addition,
theloadURL methodcanalsobe usedto sendmessagesto
theserverby appropriatelyassemblingtheinformationaspa-
rametersattachedwith theURL. SecondthecreateVrml-
FromURLmethodenablesliveupdatesbecauseit makespos-
sibletherequestandadditionof VRML contentto anexisting
world.

VRML includes several basic data types. Thesedata
typessupportthevariousdatathatnecessaryto defineVRML
nodes.Table1 definesseveraldatatypes.In additionto basic
nodetypes,VRML alsoprovidesthedevelopertheability to
createuserdefinednodes.PROTO nodesaredefinedin the
samefile thatthey areinstantiated,whereasEXTERNPROTO
nodesarespecifiedby aURL.

ARCHITECTURE

Theapplicationarchitectureis assembledto link threepri-
mary components.The first componentis the domaindata
thatis usedto setthecontext for theworld. Thesecondcom-
ponentis the server that satisfiesuserrequests,convertsbe-
tweendataformats,andlogssessions.Thethird component
is the client applicationthat rendersthe world. The inter-
relationshipof thesethreecomponentsis illustratedin Fig-
ure 1. At startup,the userrequeststhe URL for the world.
In response,the server providesboth static informationand
dynamiccontentthat is assembledin togetherto createthe
requestedworld. During a session,the userhasthe ability
to make live updates,i.e. modify theworld, save application
informationon theserver, andrestorea prior session.



Table 1. SelectedVRML DataTypes
Name Type Note

SFBool Boolean TRUE/FALSE
SFInt32 32 bit integer in range�������
	����
�
	��
MFInt32 Array of SFInt32
SFFloat 32 bit floating

point
Singleprecision
(32bit) IEEE

MFFloat Array of SFFloat
SFVec3f 3D Cartesian

coordinate
Length3 arrayof
SFFloat

MFVec3f Array of SFVec3f
SFColor ColorRed,Green,

Blue
Length3 arrayof
SFFloat
constrainedto
[0,1]

MFColor Array of SFColor
SFRotation Rotationin 3D

space
Length4 arrayof
SFFloatfirst three
mustform a unit
vector

MFRotation Array of
SFRotation

Domain Data
The domaindataencompassesthe differentdatacompo-

nentsthat are necessaryto createa credible visualization.
Indeed,the domaindatais what ultimately makesa partic-
ular deployment useful. Providing a mechanismby which
this datais seamlesslyandautomaticallyintegratedtogether
broadensthe utility of the architecture. In our application,
this dataconsistsof theGIS datato describethe targetarea.
Thedatahasbeenprovidedin theESRIShapefileformat[8].
TheShapefileformatis acombineddatabasethatincludesin-
formationaboutthedifferentfeatureshapesandtheattributes
associatedwith theshapes.Attributequeriescanbemadeto
selectthematchingshapes.In additionto theShapefiles,ge-
ographicallyregisteredimagesprovide realistic appearance
whendrapedovera terrain.Clearly, thedomaindatais not in
a formatthatis directly compatiblewith VRML andrequires
conversion.Theconversionprocesswill beaccomplishedon
the server. Typically, the domaindatais numericallyrepre-
sentedasdoubleprecisionvalues.

Server Ar chitecture
A key challengein creatingvisualizationsis being able

to provide timely, up to dateinformationto clientsautomat-
ically. In order to achieve this flexibility , the server needed
to be able to determinewhat information was available on
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Figure1. Top Level Architecture

theserverandthenpresenttheappropriatechoicesto theuser
upon logging in. Furthermore,the maintenanceprocedures
for updatingandaddinginformationshouldbesimpleandre-
liable.

Overview
Table2 shows a high level script listing stepsinvolvedin

a session.The client andserver have specificactivities that
occurin eachstep.In addition,theadministrativeaspectsare
describedin the third column. In addition, the administra-
tive tasksareshown by eachusertask. The server architec-
turewasbuilt upontheApachewebserver andApacheJServ
servletengine.Apacheprovidesall of thenecessarycapabil-
ities to serve files on the Internet. ApacheJServenablesthe
codingof servlets,light weightJavamethods,for accesscon-
trol, sessioncontrol,generatedynamiccontent,andlog user
activity. Theserverarchitecturewasdesignedto makeupdate
of currentanddevelopmentof alternatedeploymentsaseasy
aspossible.Ourapplicationbuildsonserverfunctionalityde-
scribedin [5] andaddssignificantcapabilitiesfor integrating
dynamiccontent.

Login: Managing AccessControl
Usersmaylog in providing themwith theability to select

the desiredinformation. Alternatively, the usersmay select
a preconstructedworld. In addition,a usermay requestlo-
gin privileges. From an administrative perspective, a file or
databasemustbe availableto hold userinformation. Three
classesof users(guest,basic,and super)have beenimple-
mentedto demonstratethat differentcapabilitiescanbe as-
sociatedwith differentuserclasses.In our system,a guest
usercanonly displayinformation. Basicusersmay modify
attribute dataassociatedwith GIS layers. Superusersmay
modify attributedataandthelayersthemselves.



Table 2. User, Client,andAdministrativeAspects
Client Server Administrati ve
Login Login page, user

authentication
Userinformation

Configure Provide choices,
take responses

Datarepositories

Generate Content, assem-
bly, generation,
conversion

Methods to sup-
port generationof
worlds

Explore Monitor, log, con-
tent

Associatelogging
with user

Configure: SessionControl
After loggingin, theuserhastheopportunityto selectthe

layersto view andotheraspectsrelatedto configuratingthe
world. Furthermore,the usercanrequestinclusionof infor-
mationfrom prior sessions,i.e. any layer or shapethat has
beenpreviously added. On the server, this information is
storedin files that the server readsafter a userlogs in. This
simplifiesmaintenancebecausethecodedoesnot needto be
modifiedto bring new informationto theuser. Furthermore,
a server doesnot necessarilyneedto bebroughtdown in or-
der to make updatesto thedata.Whentheserver is updated
live, interlockscanbe implementedto protectagainstinco-
herenciesduring the updatetime. The usercanrequestany
of thelayersthatarein theGIS layerrepository. In addition,
the usercanselectthe aerial imagerythat that providesthe
backdrop.

Generate: Synthesizethe World
After taking the userinformation,the requestedinforma-

tion is formatedandpresentedto theuserfor verification.Af-
terwhich, theworld is generated.At thispoint, theserveras-
semblestheinformationandmakeswhateverconversionsare
necessaryto includethe informationin the world. Someof
the conversionprocessesare implementationdependent,re-
quiring interfacewith the client application.Otherinforma-
tion, GIS information in particular, requirestranslationinto
VRML. As notedabove,theGISinformationis typically rep-
resentedasdoubleprecisionfloatingpoint numbers(a preci-
sion of about14 decimaldigits), whereas,VRML canonly
handlesingleprecision(only about7 decimaldigits). Seven
decimaldigitsof precisionis insufficient to representgeoref-
erencesGIS data. As a result,doubleprecisionvalueshave
beentranslatedso the new origin is at the centerof the re-
questedworld. This maintainstheprecisionwithin theworld
sothatquantizationeffectsaresmall. TheVRML basedGIS
layersarebundledtogetherandintegratedinto therequested
world. Thefeaturesincludedin this layeraredescribedin the
next subsectionpresentingtheclient architecture.Finally, if

a userlayerhasbeendefinedandrequested,theuserlayer is
alsoinsertedinto theworld.

Explore: Monitor and Respond
Oncetheclient hasrenderedtheworld, the userexplores

theworld. At varioustimes,informationis passedbackto the
server to providea recordof certainevents,suchastheaddi-
tion of a feature.Also, URLscanbeassociatedwith different
featuresthatresultin requestsfor documentsfrom theserver.

Client Ar chitecture
The detailsof the client architectureare describedelse-

where [5–7]. The client is written entirely in VRML and
salientaspectsof the architectureare describedhere. The
purposeis to renderthe world andallow the userthe ability
to navigatethroughandinteractwith the world. In addition
to managingthe direct interactionswith the user, the client
architecturemust alsomanagethe informationprovided by
theuserandalsoto communicatewith theserver. Theclient
architectureis shown in Figure2.
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BaseVisualization
Thebasevisualizationencompassestheregion of interest

in thevisualization.In ourapplication,thisareais nearlyflat,
so a planeis usedto model the terrain. Aerial imagery is
paintedon theplaneto provide therealisticbackdropfor the
world. Theimageryis selectablefrom theserverallowing in-
clusionof differentimageryat differentresolutions.We had
one foot resolutionimageryavailable, however this resolu-
tion resultedin animagethatwasimpracticalto includein its
entirety. As a result,theimagewasdown sampledby factors
of two, four, andeight. In addition,all informationwaspro-
vided in geographiccoordinatesasdoubleprecisionfloating
point numbers.For the actualshapesdefinedin the VRML
world, theorigin wasmovedto a point nearthecenterof the
regionof interest.Thebasevisualizationalsoincludesapro-
grammedfly throughthatfliesovercertainstrategic pointsin



theworld. Thefly-throughalsodisplaysthenamesof various
pointsasthey areencountered.

GIS Layers
A key differencein the applicationpresentedin this pa-

percomparedwith prior cases[5–7], is the inclusionof GIS
layersthatarecontrollableby theuserthatarederivedon de-
mandon theserver. After theuserlogsin, oneof severalGIS
layersmay be selectedfor inclusion. The client application
retrievestheGISlayersby instantiatingatoplevel EXTERN-
PROTO nodespecifiedwith servletURL thatincludesall re-
questedGIS layers. In this way, any numberof layerscan
be includedwhile maintaininga uniform interfacewith the
clientapplication.TheindividualGIS layersarenestedin the
top level EXTERNPROTO andareagaindefinedby servlet
URLs that direct the server to performthe requiredconver-
sions.TheGISlayersarerenderedin theform specifiedin the
shapefile,with polylinesimplementedasVRML Indexed-
LineSets andpolygonsimplementedasIndexedFace-
Sets. Attributeinformationappearswhentheuserspointing
device (oftena mouse)passesover theshape.Whentheuser
clicks on the shape,a web pageappearswith the attribute
data. Differentuserclassesare possible,and the usermay
alsohave theopportunityto modify theattributedataon the
server.

User Interface
To controlthedifferentcapabilitiesandfeatures,auserin-

terfaceis includedto help guide the userin the capabilities
of the world. The userinterfaceis implementedasa head’s
up displaythatalwaysfollows theuser. As notedabove, the
world may include several GIS layers. Throughthe menu,
the layersmaybehiddenanddisplayedon request.In addi-
tion, theusermaycreatespecificlayersbasedif desired.The
menuis usedto initiateandcontroltheprocessof addinglay-
ers.Finally, theuserinterfaceincludesanavigationpanelthat
assistsin determiningthelocationwithin theworld.

ResourceManager
In orderto manageliveupdatesin a VRML world, a URL

containingVRML mustberetrievedandtheninsertedinto the
world [7]. Theinsertionis simpleprovidedit is permanent.If
theability to modify insertedcontentis required,a resource
manageris necessaryto managethe insertionof thecontent.
Theresourcemanagermaintainstablesfor all addableobject
types,all objectsthathavebeenadded,managesinitialization
of new objectsandconnectsnew contentinto theworld.

Communicationswith the Server
Browserapplicationsaretypically limited in whatthey are

capableof doing to protectthe userfrom maliciousor inad-
vertentmodificationof dataon the client machine.Thus,in

orderto captureinformationfrom ausersession,communica-
tion with theserver is necessary. Theclient applicationcom-
municateswith the server by requestingURLs for servlets.
Theseservletsmaydirecttheserver to log theinformationor
mayalsobe a requestfor VRML contentthat canbe subse-
quentlybeaddedto theworld. Thesecommunicationissues
aredescribedin detail in [7].

EXAMPLE
TheFormerNansemondOrdnanceDepot(FNOD) in Suf-

folk, Virginia [9] wasan ordnancesite for World War I and
World War II munitions.During this time, variousordnance
wasdiscardedandalsoresultedin somecollaborativechemi-
cal contamination.An interactivevirtual world hasbeencre-
atedto provide a way to view the progressof the clean-up,
to be simple to use,andsimple to maintain. The informa-
tion providedby theArmy Corpshasincludeddatadefining
differentclean-upregions,building outlines,andothergeo-
graphicinformationprovidedin theform of ESRIShapefiles.
In addition,geographicallyregisteredaerialimageryhasbeen
provided. Recognizingthat this is in all likelihoodthesame
information that would be available for any cleanupeffort,
the applicationis definedto be largely genericwith the GIS
informationcustomizingany particularsite. As a result,the
applicationis capableof takingany collectionof shapefiles
andimagery. Imagesizeis anissue,soseveraldown-sampled
versionsof theimageareofferedaschoices.In addition,the
applicationintegratesmultiusercapabilitiespreviouslydevel-
oped[5] thatenableusersto login andmanagea userspace,
theability to configuretheirvirtual world, theability to mod-
ify aspectsof the world, anda limited ability to collaborate
with otherusers. An examplesessionbegins with the user
logginginto theserver. Theuser, afterloggingin, ispresented
with a setof choicesfor configuringa world. Theusermay
selectthe layersto show andthe imageryto include. From
this information, the server generatesa world that is navi-
gatedin theclient. Figure3 givessomeselectedimagesfrom
asession.

SUMMARY
In this paper, we have describedan applicationthat can

be usedto visualizeand monitor progressof a SuperFund
cleanupsite. The applicationis built upon the ILUVA ar-
chitecturepreviously developedby the author. The applica-
tion featuresdynamicgenerationof a world specifiedby the
user. Furthermore,visualizationsof the VRML GIS layers
aretranslatedondemandfrom ESRIShapefiles.Theapplica-
tion wasdescribedandandexamplesessionwaspresented.

REFERENCES
[1] Martin Reddy, Yvan Leclerc, Lee Iverson, and Nat

Bletter, “TerraVision II: Visualizing massive terrain



(a)OpeningViewpoint (b) Aerial Viewpoint

(c) GroundViewpoint (d) OnAnimatedViewpoint

Figure3. Someimagesfrom theFNOD visualization

databasesin VRML”, IEEE ComputerGraphics& Ap-
plications, vol. 19,no.2, pp.30–38,March/April 1999.

[2] Martin Reddy, LeeIverson,andYvanG. Leclerc, “Un-
der thehoodof GeoVRML 1.0”, in Proceedingsof the
Fifth Symposiumon the Virtual RealityModelingLan-
guage VRML2000, Monterey, CA, February2000,pp.
23–38.

[3] LeeA. BelforeII andRajeshVennam,“VRML for ur-
banvisualization”, in 1999Winter SimulationConfer-
enceProceedings, Phoenix,Arizona, December1999,
pp.1454–1459.

[4] AgostinoG. BruzzoneandGiovannaBerrino, “Mod-
elling of urbanservicesby VRML & Java”, in Pro-
ceedingsof the1999InternationalConferenceon Web-
BasedModeling& Simulation, SanFrancisco,CA, Jan-
uary1999,pp.34–38.

[5] LeeA. BelforeII andSureshChitithoti, “Multiuser ex-
tensionsto the interactive land useVRML application
(ILUVA)”, in Thirty-Fourth AnnualSimulationSympo-
sium, Seattle,Washington,April 22-262001,pp. 159–
166.

[6] Lee A. Belfore II andSureshChitithoti, “An interac-
tive land useVRML application(ILUVA) with servlet
assist”,in 2000Winter SimulationConferenceProceed-
ings, Orlando,Florida,December2000,pp.1823–1830.

[7] Lee A. Belfore II, “An architecturefor creatinglarge
VRML worlds”, Transactionsof the Societyfor Com-
puterSimulation, March2001,24-40.

[8] ESRI,ESRIShapefileTechnicalDescription, July1998.

[9] US Army Corpsof Engineers,Norfolk District, For-
mer NansemondOrdnance Depod (FNOD), Suffolk
Virginia, http://www.nao.usace.army.mil/
Projects/Nansemond/welcome.html.

[10] The Web3D Consortium, Incorporated, “The
Virtual Reality Modeling Language”, http:
//www.web3d.org/Specifications/
VRML97/index.html, 1998.

BIOGRAPHY
Lee A. Belfore, II , hasbeenanAssistantProfessorin the

Departmentof ElectricalandComputerEngineeringat Old
Dominion University, Norfolk, Virginia, USA, since1997.
He is also an affiliated faculty memberwith the Virginia,
Modeling, AnalysisandSimulationCenter(VMASC), Suf-
folk, Virginia. Dr. BelforereceivedhisBSin ElectricalEngi-
neeringfrom Virginia Tech, Blacksburg, Virginia, in 1982,
his MSE In Electrical Engineeringand ComputerScience
from PrincetonUniversity, Princeton,New Jersey, in 1983,
andhis Ph.D. in ElectricalEngineeringfrom the University
of Virginia, Charlottesville,Virginia in 1990. His research
interestsincludeInternetbasedvirtual reality anddatacom-
pression.


