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ABSTRACT

Internetbasedvirtual reality offers the opportunityto ren-
der contentin threedimensions. In addition, the Internet
provides a mediumto supportcollaborative activities. In
thiswork, wedescribehow collaborativecapabilitiesarein-
tegratedinto the Interactive Land useVRML Application
(ILUVA). ILUVA isaVRML basedapplicationthatsupports
highly interactivefunctionality, liveupdates,andthedynamic
generationof VRML content. The collaborative functions
have beenaddedin the context of an Internetchatsession
in which multiple usersmay participatefrom the Internet.
In additionto theusualfunctionssupportedby chatapplica-
tions, userinformationsharingis supported.The union or
intersectionof sessionsfromdifferentusersmaybeproduced
andreviewedin theworld.

1 INTRODUCTION

Internettechnologyprovidesboththefabricandfunctionfor
collaborative enterprise.Providing theability to effectively
communicatefrom any location on the Internet is an im-
portantconsiderationgiven the impact the Internethason
many people’s personaland businesslives. Several tech-
nologiesprovide usefulbasesfor exploration. Our VRML
applicationshave evolved,first throughdevelopmentof the
clientpart(Belfore2001)andthenhavebeenextendedto in-
cludeclientserverapplications(BelforeandChitithoti 2000,
Belfore and Chitithoti 2001). The client applicationsare
stand-aloneapplicationsthatsupport liveupdates,or theabil-
ity to addcontentto theworld without reload. A varietyof
modelscanbeaddedto aclientsessionincluding,for exam-
ple,buildings,roadways,andareasof interest.Mostmodels
includetheability tobemovedandeditedtosuittheparticular
circumstances.Collectively, the sessionrepresentsan area
of interestthatincludesimprovementsandmodificationsthat
arevisualized.TheapplicationintegratesGIS andplanning
informationappropriatefor thethemeof theapplication.To
expandthe capabilities,server processinghasbeendevel-
opedto increasetheflexibility andcapabilities(Belforeand

Chitithoti 2000,BelforeandChitithoti 2001,Belfore2002).
The server processingprovides the opportunityto enforce
accesscontrol,enableselectionof thecontentto beviewed,
and to generatecontentdynamically. Indeed,in (Belfore
2002),GISVRML contentis generatedby translatingnative
GIScontent,in theform of ESRIShapefiles(ESRI1998),on
demand.

To supportinformationsharing,a mechanismmustbe
in placeto allow usersto determinewhatinformationcanbe
sharedandhow that informationis shared.As describedin
prior works (BelforeandChitithoti 2000,Belfore andChi-
tithoti 2001,Belfore2002),auserhasseveralusageoptions
includingstartinga new session,revising anold session,or
includingasessionmadeavailableby anotheruser. Sessions
from otherusersarereadonly to protecttheintegrity of the
original user’s session. The applicationsupportsmultiple
simultaneouslogins from a singleuserwho is restrictedto
reviewing sessionsnot actively beingreviewed. Interaction
amongusersislimitedsinceinformationcanbesharedonly at
login. Theresultsdescribedin thispaperextendprior efforts
by enablingthecreationandmanagementof virtual worlds
thatallow interactivecollaborationthroughachatsession.In
additionto the expectedcapabilitiesassociatedwith a chat
application,usersmayshareinformationfrom sessionseach
hascreated.Furthermore,simpleoperationsfor combining
information from differentusersessionshave beenimple-
mentedthroughintersectionandunionoperations.Theop-
erationsgive participantstheability to determinecommon-
ality betweentheirrespectiveeffortsthroughtheintersection
operationandcombinetheir effortsusingunionoperations.

Severalotherresearchershavemadecontributionsin the
developmentof VRML basedcollaborative virtual worlds
(Testani,Wagner, andWehden1999,Brutzman,Zyda,Wat-
son,andMacedonia1997,TheWeb3DConsortium,Incor-
porated2000,Kirner, Kirner, Kawamoto,Cantao,Pinto,and
Wazlawick 2001, Damer, Marcelo, and Revi 1999). The
work most similar to ours includesa concurrentchat that
links clients in an educationalapplication(Kirner, Kirner,
Kawamoto,Cantao,Pinto,andWazlawick 2001).A chatthat
linksclientsandtheirworldstoachatserverenablescommu-
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nicationandmodificationof theworlds. Onecharacteristic
thatdistinguishesourapplicationis themannerin whichob-
ject propertiesarechanged.In (Kirner, Kirner, Kawamoto,
Cantao,Pinto, andWazlawick 2001),a dialog appearsfor
editing object locationandappearancewhereasin our ap-
plication,a usermodifiesobjectsthroughcandraganddrop
actionson objectswithin theworld. TheNerve Gardenar-
chitecture(Damer, Marcelo,andRevi 1999)describeshow
algorithmsmimicking life processesareusedto createand
plantartificialplants.NerveGardenisacollaborativelabora-
toryallowinguserstocreateandgerminateplantsin anapplet
window with subsequentinsertioninto a scenegraphcom-
mon to all users. The vrtp (Brutzman,Zyda, Watson,and
Macedonia1997)describesa generalapproachfor linking
VRML basedworldsandseveralexampledeployments(The
Web3DConsortium,Incorporated2000). (Testani,Wagner,
andWehden1999)describesa virtual trainingenvironment
allowing participantsat distantlocationsto collaborate.In-
teractionamongusersis accomplishedusing a multi-user
domain(MUD). A key contribution of this work is the de-
scriptionof a softwarearchitecture.

This paperis organizedinto five sectionsincluding an
introduction,anoverview of theILUVA architecture,a pre-
sentationof thechatarchitecture,anexamplesession,anda
conclusion.

2 OVERVIEW OF THE ILUVA ARCHITECTURE

The applicationarchitectureis assembledto link four pri-
marycomponents(BelforeandChitithoti 2000,Belforeand
Chitithoti 2001,Belfore2001,Belfore2002).Thefirst com-
ponentis thedomaindatathat is usedto setthecontext for
the world. The secondcomponentis the server that satis-
fies userrequests,convertsbetweendataformats,andlogs
sessions.Thethird componentis theclient applicationthat
renderstheworld. The fourth component,thechatcompo-
nent is describedin the next section. The interrelationship
amongthefirst threecomponentsis illustratedin Figure1. At
startup,theuserrequeststheURL for theworld. In response,
theserverprovidesbothstaticinformationanddynamiccon-
tentthatis assembledto createtherequestedworld. During
a session,the userhasthe ability to make live updates,i.e.
modify theworld,saveapplicationinformationontheserver,
andrestorea prior session.

2.1 Server Architecture

A key challengein creatingvisualizationsis beingable to
provide timely, up to dateinformation to clientsautomati-
cally. In order to achieve this flexibility , the server needs
to be able to determinewhat information is available and
thenpresenttheappropriatechoicesto theuseruponlogging
in. Furthermore,the maintenanceproceduresfor updating
andaddinginformationshouldbe simpleandreliable. Ta-
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Figure1: Top Level Architecture

ble1 showsahigh level sequenceof theactivities thatoccur
in a session.The client andserver have specificfunctions
that occur in eachstep. In addition,the administrative as-
pectsfor eachactivity aredescribedin thethird column.The
server architectureis built upontheApachewebserver and
ApacheJServservletengine.Apacheprovidesall of thenec-
essarycapabilitiestoservefilesontheInternet.ApacheJServ
enablesthecodingof servlets,light weightJavamethods,for
accesscontrol,sessioncontrol,generationof dynamiccon-
tent, and logging useractivity. The server architectureis
designedto makeupdateof currentanddevelopmentof new
deploymentsaseasyaspossible. The currentwork builds
on server functionality describedin (Belfore andChitithoti
2001,Belfore2002)andaddssignificantcapabilitiesfor inte-
gratingdynamiccontent.Usersmaylogandafterloggingin,

Table1: User, Client,andAdministrativeAspects

Client Server Administrative
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

theuserhastheopportunityto selectinformationto view and
otheraspectsrelatedto theconfigurationof theworld. From
this configurationinformation,therequestedinformationis
formattedandpresentedto theuserfor verification. At this
point,theserverassemblestheinformationandmakeswhat-
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everconversionsarenecessaryto includetheinformationin
theworld. Oncetheclient hasrenderedtheworld, theuser
explorestheworld. At varioustimes,informationis passed
backto theserver to providearecordof certainevents,such
astheadditionor modificationof a feature.

2.2 Client Architecture

Thedetailsof theclientarchitecturearedescribedelsewhere
(Belfore andChitithoti 2000,Belfore andChitithoti 2001,
Belfore2001). Theclient is written entirely in VRML and
salientaspectsof the architecturearedescribedhere. The
purposeof theclient is to provide a platformuponwhich to
renderthe world andallow the userthe ability to navigate
throughandinteractwith theworld. In additionto managing
the direct interactionswith the user, the client architecture
mustalsocommunicatewith theserver. Theclientarchitec-
tureis shown in Figure2. GISinformationcanbeintegrated
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Figure2: Client Architecture(BelforeandChitithoti 2001)

in several ways. In the basevisualization,GIS providesa
basicframeof referencefor theapplication,describingter-
rain,imageryandotherdesiredfeatures.In addition,theGIS
canbeacomponentin theapplicationthatausercanchange
the appearanceof or otherwisemanipulate(Belfore 2002).
To control the differentcapabilitiesandfeatures,a userin-
terfaceis includedto helpguidetheuserthroughtheworld.
Theuserinterfaceis implementedasa head’s up displayin
theworld thatalwaysfollowstheuser. Theuserinterfacecan
includesuchfeaturesasnavigationaidesto assisttheuserin
identifying importantfeaturesor locations.A live updateis
aprocesswherebynew contentis integratedinto anexisting
world. Dependingon thecomplexity of theupdatedcontent
andits linkageto theworld, theprocessof performinga live
updatecanbe complicated. In ILUVA, addedcontentcan
bemovedandmanipulatedrequiringa separatemodule,the
resourcemanager, to coordinate.Furthermore,caremustbe
takenin definingthearchitectureof thecontentto beadded.
Figure3 givesanoverview of theobjectarchitecturethat is
deployed in ILUVA (Belfore 2001). Browserapplications
typically have limited capabilitiesto protectthe userfrom
maliciousor inadvertentmodificationof dataon the client
machine.Thus,in orderto captureinformationfrom a user
session,communicationwith the server is necessary. The

Model
Control

Updates to Server

Any update

Monitor

fields

type

dimensions

location

orientation

parking

etc.

Collision
Manager

Bounding Box

Collision
collision

Local
Arbiter

selectedRequest

Grant
Highlight

Object Activated

Command
Configuration and state

Interaction Layer

User interaction
Sensors

Touch and Plane
select, position, orientation

Edit Layer

Edit Controls

Behavior
Layer

Figure 3: Object Architecture Supporting Live Updates
(Belfore2001)

client applicationcommunicateswith theserver by request-
ingURLsfor servlets.Theseservletsmaydirecttheserverto
log theinformationor mayalsobearequestfor VRML con-
tent thatcanbesubsequentlybeaddedto theworld. These
communicationissuesaredescribedin detailin (Belforeand
Chitithoti 2001).

3 THE CHAT ARCHITECTURE

Building onprior work, ILUVA chatis aclient serverarchi-
tecturethatimplementsthechatthatrunsconcurrentwith the
session.The technologyfor constructingchatapplications
is well defined(Harold2000). In this work, usershave two
methodsfor communicating.Previously, ILUVA provided
informationsharingonly throughthesharingof sessionsin
a non-interactive fashionasdescribedin (Belfore andChi-
tithoti 2001).A chatapplicationhasbeenintegratedinto the
ILUVA to extendits multiusercapabilities.Thechatappli-
cation,implementedin Java,providesamethodallowing im-
mediatecommunicationamongclientsthroughachatserver
application.Thechatsupportstheexportingandimporting
of sessionsbetweenusers.Thelatterpartof this sectionex-
plains the chatclient, chatserver, importing a sessionand
exportinga session.Thechatapplicationarchitectureis il-
lustratedin Figure4. In orderto assuresessionownersretain
controlovertheirsession,sharingof sessionsisaccomplished
only with their consent.Theusersnegotiatesharingby ex-
changingchat messages.Export of a sessionoccursafter
the provider exportsthe requestedsessionthroughthe chat
client. Uponnotificationof theexport, thefirst userreloads
thescenethatincludesthecombinationof thecurrentuser’s
sessionandtheexportedsession.

3.1 Chat Protocol

Thechatprotocoloperatesin a client-servermodewith one
server and several clients. Sockets are openedbetweena
singleserverandeachclientaseachuserlogsin andusersare
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Figure4: ChatApplicationArchitecture.

added.Thechatserver is capableof acceptingconnections
from chatclientsandrelayingmessagesamongsttheclients.
Thechatclient takesinput from theuserandcommunicates
this informationto theserver. In addition,theclientdisplays
any updatesfrom theserver. This formsthegroundwork for
thechatapplication.Thechatprotocolissimpleandsupports
a handfulof basiccommandssummarizedin Table2.

Table2: ChatCommandSummary

Command Description
StartUserList informsthechatclientthatit isabout

to receive is thelist of users
Add addsa userto theuserlist box in all

thechat
clientRemove removesauserfrom theuserlist box

of all thechatclients
Endof UserList no more user to be updatedin the

userslist box of the chatclientsof
all users

exportunion export operationwith union the of
two sessionshasto beperformed

export intersection export operation with intersection
the of two sessionshas to be per-
formed

3.2 Chat Client

Thechatclientthatis embeddedinto ILUVA is aJavaapplet
(Harold 2000). Thechatclient appearsin a browserframe
andhastheappearanceshown in Figure5. Informationre-
lating to individual usersis storedas browser parameters,
previously setduring the login processby servlets,that the
chatclientusestonegotiateasocketconnectionwith thechat
server. Thechatclient interfaceincludesthreebuttons,two
radiobuttons,alist, andtwo text boxes.In onetext box,mes-
sagesfrom otherusersaredisplayed,servingasthebulletin

boardfor thechatserver. In typical “chat” fashion,theuser
respondsto the messagesin the bulletin boardby entering
a messageto send.Thetwo remainingbuttonsareusedfor
exportingasessionto a userandimportinga sessionfrom a
user. Thelist boxdisplaysall theuserswhohavebeenlogged
on this virtual environment. If a sessionis to be exported,
theuserhasto selectauser(to whomtheuserlikesto export
asession)from thelist. A mouseclick on theuserin thelist
setstheenvironmentfor exportingasessionto him/her. The
exportbuttonhasto bepressedin orderto transfera session
to theselecteduser. Throughthechatbulletinboardtheusers
cannegotiatetheexchangeof information. Oncetheexport
is confirmed,the recipientselectsthe reloadbutton to view
all theobjectsthathavebeenexportedfor theselectedoper-
ation. The radio buttonsfor union andintersectioncontrol
theexportfunction. Everyapplethasathread(Harold2000)
thatreadsto andwritesfrom thechatserver. Thecommands
thatareexchangedarelistedin Table2. In addition,thechat
client handlesfunctionssuchas addinga userto the user
list uponloggingin, deletingtheuserwhenloggedout,and
managingthe client chatdisplay. User informationfor the
chatserverisprovidedthroughservletcallsontheserverthat
maintainandupdatelist of concurrentchatclients.

Figure5: ChatClient Appearance

3.3 The Chat Server

The chat server operateson the samemachinethat serves
Internetcontentandservletmethods. This is necessaryin
ourapplicationbecausebothaccessa commondatabaseon
this machine. The chatserver will responduponreceiving
any of theclient commandssummarizedin Table2 andper-
form therequiredprocessing.Whena new userlogsin, the
useris connectedto thechatserver by issuinganaddcom-
mand.Sinceseveralusersmaybeloggedin simultaneously,
multi-threading(Harold2000)is necessary. Requestsfrom
theclient areprocessedandthechatserverprovidesseveral
resultsincludingalist of chatparticipants,availableexported
sessions,andsessionoperations.Thechatservermustinter-
actwith the samedatabaseastheservletsdescribedabove,
so an interlock mechanismis implementedto ensurethat
thedatabaseis not corrupted.Wheneithertheexport-union
or export-intersectioncommandsareissued,theserver will
combinethesessionsin therequestedfashion.Currentlythe
unionandintersectionoperationsaredeterminedby identify-
ing coincidentobjectsin thesceneaslistedin therespective
sessionfiles for theusers.Theunionoperationenablescol-
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laboratorsto combinetheir work into a singlesession.The
intersectionenablesuserstoexaminedifferencesbetweenthe
sessions,useful if both arecomparingmodificationsto the
samearea.

4 SESSION

In this section,anexampleof aninterchangebetweenusers
is presented.The ILUVA applicationsupportssharingof
informationbetweenusersin two methods.Theinformation
sharingmechanismdiffers in whetheror not the direct and
immediateinteractionwith anotheruseris necessary. In the
first case,whenuserslog in, sessionsexportedby otherusers
areavailabletheir review (BelforeandChitithoti 2001). By
this method,sessionsareexportedin a read-onlyfashionto
protectthe integrity original user’s session. In this work,
a second,moreinteractive sharingmethodis presentedthat
reliessupportedby a chatapplication. Using the chat, the
userscan merge their sessionsusing a union operationor
identify the commoncomponentsthroughthe intersection
operation.Figure6 shows theprocessandresultof a union
operation. As notedearlier, the significanceof the union
operationis in the ability to combinework betweenusers.
In Figure6.a, a userrequestsa sessionfrom anotheruser.
Figure6.bshowsthestateandchatclientof theseconduser.
This userselectstheoperation,eitherunionor intersection,
andexportsit to thefirst user. After theexport, thesecond
user informs the first that the export hasoccurred. With
the confirmation,the first userreloadsthe sceneasshown
in Figure6.c. In addition,Figure7 shows the intersections
betweentheinitial sessionandthemodifiedsession.

5 SUMMARY

In this paper, we have presentedextensionsto the ILUVA
architecturethatsupportaconcurrentcollaborativechatses-
sion. Thechatsessionsupportsimmediatecollaborationand
sharingof informationamongusersthatarecurrentlylogged
in. Unionandintersectionoperationsaresupportedto show
modificationsand cumulative efforts respectively. Future
work will focus on developing a wider rangeof chat op-
erations,closerintegrationof the chatserver with the web
server, andalsoto supportconcurrentVRML worldswhere
modificationsbyoneclientareimmediately reflectedin other
clients’worlds.
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(a)User1 Request (b) User2 ExportOperation
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Figure6: ExampleChat: UnionOperation
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(a)User1 (b) User2

(c) Intersection

Figure7: IntersectionOperation


