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Abstract

In this work, we presentan applicationarchitecturethat in-
tegratesgeographidnformation systems(GIS) datainto an
applicationthat supportsseseral advancedcapabilities. This
applicationis implementednthepreviouslydevelopednter-
active Land Use VRML Application (ILUVA). The applica-
tion featureghetheintegrationof dynamiccontentgenerated
by a senerandsupportof live updatesFroma userrequest,
GlS layersareselectediranslatedrom ESRIShapefilesnto
VRML andtheninsertednto aworld. Thesenerarchitecture
is designedor simpleadministratiorandmaintenanceising
JaraTM servletgo field userrequestandmanagesenerdata
repositories.As an example,a world constructedo monitor
a SuperFuncaleanupsiteis presented.

INTRODUCTION

The rapid evolution of the Internethas provided oppor
tunitiesfor providing contentin mary differentforms. The
Virtual Reality Modeling LanguaggVRML) is anISO stan-
dardizedanguagedhatcanbe usedto specifyinteractive vir-
tual reality applications. Significantly VRML hasbeende-
signedto operatdn the context of the Internetfacilitatingthe
delivery of virtual reality contentover the Internet. In this
work, we review an applicationarchitecturethat integrates
geographidnformation systemgGIS) datainto an applica-
tion that supportswo powerful capabilities.First, a live up-
dateis the insertionof contentinto a world in sucha way
thatthe world doesnot needto be reloaded.Contentthatis
insertedcanbe moved, modified, and canalsointeractwith
otheraspectsn the worlds. In our application,the new con-
tentis specifiedby a URL and can thus be retrieved from
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arnywhereon the Internet. Second,dynamiccontentis the
generatiorof content’on thefly” meaningthatbeforea par
ticularrequesfor content nofile existshaving therequested
content. The contentis synthesizedn the sener from for-
eigndatasourcesanduserconfigurationdata. Thesetwo ca-
pabilitiesincreasethe flexibility andbreadthof our applica-
tion. Furthermorewe will give an overview of anapplica-
tion developedto monitorthe progresof the FormerNanse-
mondOrdnanceéDepot(FNOD) SuperFunaleanupsite. The
applicationfeaturesGIS registeredmagery synthesisof dy-
namicVRML contentfrom ESRI Shapefilesandthe ability
to createadditionallayersaslive updatego theworld. Other
applicationcapabilitiesinclude editing of the attribute data,
selectionof desiredGIS layers,selectionof desiredimagery
andsave/restor@perationgor operationghatspecifylive up-
dates.

Indeed,VRML hasmary desirabldeatureghatmale it a
compellingrenderingtechnologyfor GIS applicationd1, 2].
VRML offersbasiccapabilitiesof representingpatialdatain
threedimensionsaswell asfunctionality that allows imple-
mentationof obsenablechangedo ary geometryto display
ary associateattributes. The applicationdomainsarebroad
andincludeurbanplanning[3,4] andgeographiénformation
systemdqGIS) [1,2]. Suchapplicationsrequirethe manipu-
lation anddisplay of large datasets. The generalapproach
followed s for the sener to acceptqueriesfrom client ma-
chineandthenperformsener side processingo satisfythe
request. Eachmodification requiresthe entire world to be
reloaded. For small datasets,reloadingis not a significant
issue;however, reloadinglarge visualizationscanadd unde-
sirablelatencies. Several otherresearchersave developed
notableVRML basedGIS applications.In [2], primitivesare
definedthat enablethe creationof worlds describedn true
geocoordinateandthe managementf large datasets.Other
applicationgprovidemechanismr managinghe columnof
datathataretypical of GIS applications.

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



tendedto includeclient sener applicationg6, 7]. Theclient
applicationsarestand-alonepplicationghatsupportive up-
dateswhichis theability to addfeaturego theworld without
reload.TheapplicationintegratesGIS andplanninginforma-
tion for the themeof the application. To expandthe capa-
bilities, sener processindiasbeendevelopedto increasehe
flexibility andcapabilitieg[5, 6]. The sener processingpro-
videsthe opportunityto enforceaccessontrol, selectionof
the contentto be viewed, andgeneratiorof contentdynami-
cally. Theapplicationdescribedn this paper a visualization
shawing clean-upprogresf a SuperFundite, extendsprior
efforts [3, 5-7] to createvirtual worlds thatallow configura-
tion of aworld andthetranslationof ESRIShapefile$8] into
VRML. Thevirtual world wascreatedo supportpublic dis-
seminationof information relatingto cleanupefforts for an
EPA SuperFundaiteover seenby the Norfolk Division of the
Army Corpsof EngineersTheFormerNansemon@®rdnance
Depot(FNOD) in Suffolk, Virginia wasan ordnancesite for
World War | andWorld War Il munitions[9].

This paperis divided up into five sectiondncludinganin-
troduction,anoverview of VRML, anoutline of the software
architectureanexamplehighlightingusageanda summary

THE VIRTUAL REALITY MODELING LAN-
GUAGE

The Virtual Reality Modeling Language(VRML) [10]
provides a technologicalplatform from which threedimen-
sionalmodelsandworlds canbe deliveredover the Internet.
VRML hasthe capabilityto definesolid modelsandbeha-
iors. For example,one can definethe geometryof a solid
modelandalsodefinehow thatmodelcanchangen response
to useractivity. Thebasicprimitivesin aVRML programare
nodes. VRML is not optimizedwith ary particularclassof
applicationdgn mind. In this sectionwe describesomeof the
morerelevantaspect®f VRML asthey relateto our applica-
tion.

VRML hasprimitives, termednodes,that describesolid
models, sensors,viewpoints, lighting, interpolations,and
arbitrary behaiors. Solid models are defined using the
VRML Shape node in which the geometryand appear
ance of the model is defined. VRML offers a rich vari-
ety of geometrynodesfrom basic shapegSpher e, Box,
Cone) to complex andarbitrary (I ndexedLi neSet , | n-
dexedFaceSet , Ext r usi on). In ourapplicationwe use
Spher e, | ndexedLi neSet, | ndexedFaceSet, and
Ext r usi on nodes.The appearancef a shapecaninclude
simplecoloration,indexed coloration,or textures(bit maps)
paintedon the shapesurface. Sensorsare usedto sensehe
conditionsat differentlocationswithin the world andalsoat
differenttimes. For example,draganddropfunctionalitycan
beimplementedisingaTouchSensor andaPl aneSen-
sor . In addition,animationscanbedrivenby a Ti meSen-

sor . Viewpointsareassociatedvith certainstratayic points
within the world to aid the userin finding importantinfor-
mation. Groupingnodesare usedto define collectionsof
nodesto be treatedas one (Gr oup, Tr ansf or m) or spe-
cial functionality for a collectionof nodes(Swi t ch, LOD).
An interpolatomwill take asamplingof measuremen@ndin-
terpolatebetweensamples. An animatedviewpoint can be
createdusingaPosi ti onl nt er pol at or holdingasam-
pling of pointsalongthe desiredpath,a Ti neSensor , and
a Transl ati on node. The nodesusedin the animator
arelinked togetherusing ROUTE declarations.Finally, with
lighting nodes,the mannerin which Shapesareilluminated
aredefined.

Arbitrary behaviors aretreatedseparatelylueto theirrich-
nessandcompleity. Scri pt nodesprovidetheopportunity
to definegenerabehaiors. A Scri pt nodeconsistof alist
input, outputandfieldsthatareusedwithin thescript. Thebe-
havior is definedusingeitherECMAScriptor Java, providing
a greatdeal of flexibility in the behaiors. Several VRML
specificmethodsare of valuein the Script node. First, the
| oadURL methodallowsthescriptto loada URL thateither
replaceshe world or loadsin a namedframe. In addition,
thel oadURL methodcanalsobe usedto sendmessageto
thesener by appropriatelyassemblingheinformationaspa-
rameterattachedvith theURL. Secondhecr eat eVr i -
Fr onJRL methodenabledive updatedbecausé makespos-
sibletherequestindadditionof VRML contentto anexisting
world.

VRML includes several basic datatypes. Thesedata
typessupportthevariousdatathatnecessaryo defineVRML
nodes.Tablel definesseveraldatatypes.In additionto basic
nodetypes,VRML alsoprovidesthe developerthe ability to
createuserdefinednodes. PROTO nodesaredefinedin the
samdile thatthey areinstantiatedwherea&EXTERNPROTO
nodesarespecifiecby aURL.

ARCHITECTURE

Theapplicationarchitecturés assembledb link threepri-
mary components.The first components the domaindata
thatis usedto setthe context for theworld. Thesecondcom-
ponentis the sener that satisfiesuserrequestsgornvertsbe-
tweendataformats,andlogs sessionsThethird component
is the client applicationthat rendersthe world. The inter
relationshipof thesethree componentss illustratedin Fig-
ure 1. At startup,the userrequestghe URL for the world.
In responsethe sener providesboth staticinformationand
dynamiccontentthatis assembledn togetherto createthe
requestedvorld. During a sessionthe userhasthe ability
to make live updatesij.e. modify the world, save application
informationon the sener, andrestorea prior session.



Table 1. Selected/RML DataTypes

| Name | Type | Note |
SFBool Boolean TRUE/FALSE
SFInt32 32bit integer in range
[—2%1,231)
MFInt32 Array of SFInt32
SFFloat 32bit floating Singleprecision
point (32bit) IEEE
MFFloat Array of SFFloat
SF\ec3f 3D Cartesian Length3 arrayof
coordinate SFFloat
MFVec3f Array of SF\ec3f
SFColor ColorRed,Green,| Length3 arrayof
Blue SFFloat
constrainedo
[0.1]
MFColor Array of SFColor
SFRotation | Rotationin 3D Length4 arrayof
space SFFloaffirst three
mustform a unit
vector
MFRotation | Array of
SFRotation

Domain Data

The domaindataencompassethe differentdatacompo-
nentsthat are necessaryto createa credible visualization.
Indeed,the domaindatais what ultimately makes a partic-
ular deploymentuseful. Providing a mechanisnby which
this datais seamlesslyandautomaticallyintegratedtogether
broadenghe utility of the architecture. In our application,
this dataconsistsof the GIS datato describethe targetarea.
Thedatahasbeenprovidedin the ESRIShapefildormat([8].
The Shapefildormatis acombineddatabas¢hatincludesin-
formationaboutthedifferentfeatureshapesndtheattributes
associateavith the shapesAttribute queriescanbe madeto
selectthe matchingshapesin additionto the Shapefilesge-
ographicallyregisteredimagesprovide realistic appearance
whendrapedover aterrain. Clearly, thedomaindatais notin
aformatthatis directly compatiblewith VRML andrequires
corversion.The corversionprocesswill beaccomplisheen
the sener. Typically, the domaindatais numericallyrepre-
sentedasdoubleprecisionvalues.

Sewer Ar chitecture

A key challengein creatingvisualizationsis being able
to provide timely, up to dateinformationto clientsautomat-
ically. In orderto achieve this flexibility, the sener needed
to be able to determinewhat information was available on
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Figure 1. Top Level Architecture

thesenerandthenpresentheappropriatehoiceso theuser
uponlogging in. Furthermorethe maintenancerocedures
for updatingandaddinginformationshouldbesimpleandre-
liable.

Overview

Table2 shaws a high level scriptlisting stepsinvolvedin
a session.The client and sener have specificactuities that
occurin eachstep.In addition,theadministratve aspectare
describedn the third column. In addition, the administra-
tive tasksare shovn by eachusertask. The sener architec-
turewasbuilt uponthe ApachewebsenerandApacheJServ
servletengine.Apacheprovidesall of the necessargapabil-
ities to sene files on the Internet. ApacheJSerenableghe
codingof servletslight weight Javra methodsfor accesgon-
trol, sessiorcontrol, generatedlynamiccontent,andlog user
actiity. Thesenerarchitecturavasdesignedo make update
of currentanddevelopmentof alternatedeploymentsaseasy
aspossible. Ourapplicationbuilds onsenerfunctionalityde-
scribedin [5] andaddssignificantcapabilitiesfor integrating
dynamiccontent.

Login: Managing AccessControl

Usersmaylog in providing themwith the ability to select
the desiredinformation. Alternatively, the usersmay select
a preconstructedavorld. In addition,a usermay requesto-
gin privileges. From an administratve perspectie, a file or
databasenustbe availableto hold userinformation. Three
classeof users(guest,basic,and super)have beenimple-
mentedto demonstratehat different capabilitiescan be as-
sociatedwith differentuserclasses.In our system,a guest
usercanonly displayinformation. Basicusersmay modify
attribute dataassociatedvith GIS layers. Superusersmay
modify attribute dataandthe layersthemseles.



Table 2. User, Client, andAdministrative Aspects

| Client [ Server | Administrati ve |

Login Login page, user | Userinformation
authentication

Configure| Provide choices,| Datarepositories
take responses

Generate | Content, assem-| Methods to sup-
bly, generation,| portgeneratiorof
corversion worlds

Explore | Monitor, log, con- | Associatdogging
tent with user

Configure: SessiorControl

After loggingin, the userhasthe opportunityto selectthe
layersto view andotheraspectgelatedto configuratingthe
world. Furthermorethe usercanrequestinclusionof infor-
mationfrom prior sessionsi.e. ary layer or shapethat has
beenpreviously added. On the sener, this information is
storedin files thatthe sener readsafter a userlogsin. This
simplifiesmaintenancéecause¢he codedoesnot needto be
modifiedto bring new informationto theuser Furthermore,
a sener doesnot necessarilyneedto be broughtdown in or-
derto make updatedo the data. Whenthe seneris updated
live, interlockscan be implementedo protectagainstinco-
herenciegluring the updatetime. The usercanrequestary
of thelayersthatarein the GIS layerrepository In addition,
the usercan selectthe aerialimagerythat that providesthe
backdrop.

Generate: Synthesizethe World

After taking the userinformation,the requestednforma-
tion is formatedandpresentedo theuserfor verification. Af-
terwhich, theworld is generatedAt this point, theseneras-
semblegheinformationandmakeswhateser corversionsare
necessaryo includethe informationin the world. Someof
the corversionprocessesire implementationdependentre-
quiring interfacewith the client application. Otherinforma-
tion, GIS informationin particular requirestranslationinto
VRML. As notedabore,the GISinformationis typically rep-
resentecasdoubleprecisionfloating point numberga preci-
sion of about14 decimaldigits), whereasVRML canonly
handlesingle precision(only about7 decimaldigits). Seven
decimaldigits of precisionis insufficientto represengeoref-
erence<sIS data. As aresult,doubleprecisionvalueshave
beentranslatedso the new origin is at the centerof the re-
guestedvorld. This maintainshe precisionwithin theworld
sothatquantizatioreffectsaresmall. The VRML basedGIS
layersarebundledtogetherandintegratedinto the requested
world. Thefeaturedncludedin thislayeraredescribedn the
next subsectiorpresentinghe client architecture.Finally, if

auserlayerhasbeendefinedandrequestedthe userlayeris
alsoinsertedinto theworld.

Explore: Monitor and Respond

Oncethe client hasrenderedhe world, the userexplores
theworld. At varioustimes,informationis passedyackto the
senerto provide arecordof certainevents,suchasthe addi-
tion of afeature.Also, URLs canbeassociateavith different
featureghatresultin requestgor documentgrom the sener.

Client Architecture

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 also managethe information provided by
theuserandalsoto communicatevith the sener. Theclient
architecturds shovn in Figure2.
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Figure 2. Client Architecture[7]

BaseVisualization

The basevisualizationencompassethie region of interest
in thevisualization.In ourapplication this areais nearlyflat,
so a planeis usedto model the terrain. Aerial imageryis
paintedon the planeto provide therealisticbackdropfor the
world. Theimageryis selectabldrom thesenerallowing in-
clusionof differentimageryat differentresolutions.We had
onefoot resolutionimagery available, however this resolu-
tion resultedn animagethatwasimpracticalto includein its
entirety As aresult,theimagewasdown sampledby factors
of two, four, andeight. In addition,all informationwaspro-
videdin geographicoordinatesasdoubleprecisionfloating
point numbers. For the actualshapegefinedin the VRML
world, the origin wasmovedto a point nearthe centerof the
region of interest.The basevisualizationalsoincludesa pro-
grammedly throughthatflies over certainstrategic pointsin



theworld. Thefly-throughalsodisplaysthe namesf various
pointsasthey areencountered.

GIS Layers

A key differencein the applicationpresentedn this pa-
per comparedwith prior caseg5—7], is theinclusionof GIS
layersthatarecontrollableby theuserthatarederivedon de-
mandonthesener. After theuserlogsin, oneof severalGIS
layersmay be selectedor inclusion. The client application
retrievesthe GISlayershy instantiatingatoplevel EXTERN-
PROTO nodespecifiedwith servletURL thatincludesall re-
qguestedGIS layers. In this way, ary numberof layerscan
be includedwhile maintaininga uniform interfacewith the
clientapplication.Theindividual GIS layersarenestedn the
top level EXTERNPROTO andare againdefinedby servlet
URLSs that direct the sener to performthe requiredcorver-
sions.TheGISlayersarerenderedn theform specifiedn the
shapefilewith polylinesimplementecasVRML | ndexed-
Li neSet s andpolygonsimplementedas| ndexedFace-
Set s. Attributeinformationappearsvhentheuserspointing
device (oftena mouse)passesverthe shape Whenthe user
clicks on the shape,a web pageappearswith the attribute
data. Differentuserclassesare possible,andthe usermay
alsohave the opportunityto modify the attribute dataon the
sener.

User Interface

To controlthedifferentcapabilitiesandfeaturesa userin-
terfaceis includedto help guidethe userin the capabilities
of theworld. The userinterfaceis implementedasa heads
up displaythat alwaysfollows the user As notedabove, the
world may include several GIS layers. Throughthe menu,
thelayersmay be hiddenanddisplayedon request.In addi-
tion, the usermay createspecificlayersbasedf desired.The
menuis usedto initiate andcontrolthe procesof addinglay-
ers.Finally, theuserinterfaceincludesanavigationpanelthat
assistsn determiningthelocationwithin theworld.

Resource Manager

In orderto managdive updatesn a VRML world, aURL
containingRML mustberetrievedandtheninsertedntothe
world [7]. Theinsertionis simpleprovidedit is permanentlf
the ability to modify insertedcontentis required,a resource
manageis necessaryo manageheinsertionof the content.
Theresourcananagemaintainstablesfor all addableobject
types,all objectsthathave beenadded managesnitialization
of new objectsandconnectsiew contentinto the world.

Communicationswith the Sewer

Browserapplicationsaretypically limited in whatthey are
capableof doingto protectthe userfrom maliciousor inad-
vertentmodificationof dataon the client machine.Thus,in

orderto capturanformationfrom ausersessioncommunica-
tion with the seneris necessaryTheclient applicationcom-

municateswith the sener by requestingURLSs for servlets.
Theseservletamaydirectthe senerto log theinformationor

may alsobe a requestfor VRML contentthat canbe subse-
quentlybe addedto the world. Thesecommunicationissues
aredescribedn detailin [7].

EXAMPLE

The FormerNansemondrdnanceDepot(FNOD) in Suf-
folk, Virginia [9] wasan ordnancesite for World War | and
World War Il munitions. During this time, variousordnance
wasdiscardedandalsoresultedn somecollaboratve chemi-
cal contaminationAn interactve virtual world hasbeencre-
atedto provide a way to view the progressof the clean-up,
to be simpleto use,and simpleto maintain. The informa-
tion provided by the Army Corpshasincludeddatadefining
differentclean-upregions, building outlines,and othergeo-
graphicinformationprovidedin theform of ESRIShapdiles.
In addition,geographicallyegisteredaerialimageryhasbeen
provided. Recognizinghatthisis in all likelihoodthe same
information that would be available for ary cleanupeffort,
the applicationis definedto be largely genericwith the GIS
informationcustomizingary particularsite. As aresult,the
applicationis capableof taking ary collectionof shapefiles
andimagery Imagesizeis anissue soseveraldown-sampled
versionsof theimageareofferedaschoices.In addition,the
applicationintegratesmultiusercapabilitiereviously devel-
oped[5] thatenableusersto login andmanagea userspace,
theability to configuretheir virtual world, the ability to mod-
ify aspectf the world, anda limited ability to collaborate
with otherusers. An examplesessiorbegins with the user
loggingintothesener. Theuser afterloggingin, is presented
with a setof choicesfor configuringa world. The usermay
selectthe layersto shav andthe imageryto include. From
this information, the sener generatesa world that is navi-
gatedin theclient. Figure3 givessomeselectedmagesrom
asession.

SUMMARY

In this paper we have describedan applicationthat can
be usedto visualize and monitor progressof a SuperFund
cleanupsite. The applicationis built uponthe ILUVA ar-
chitecturepreviously developedby the author The applica-
tion featuresdynamicgeneratiorof a world specifiedby the
user Furthermoreyvisualizationsof the VRML GIS layers
aretranslatedn demandrom ESRIShapefilesTheapplica-
tion wasdescribecandandexamplesessiorwaspresented.
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