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ABSTRACT

Internetbasedvirtual reality offers the opportunityto ren-
der contentin threedimensions. In addition, the Internet
provides a mediumto supportcollaboratve actiities. In

thiswork, we describehow collaboratve capabilitiesarein-

tegratedinto the Interactive Land use VRML Application

(ILUVA). ILUVA isaVRML basedpplicationthatsupports
highly interactvefunctiorality, liveupdates and thedynamic
generationof VRML content. The collaboratve functions
have beenaddedin the context of an Internetchatsession
in which multiple usersmay participatefrom the Internet.
In additionto the usualfunctionssupportedy chatapplica-
tions, userinformation sharingis supported. The union or

intersectiorof sessionfromdifferentuseramaybeproduced
andreviewedin theworld.

1 INTRODUCTION

Internettechnologyprovidesboththefabricandfunctionfor
collaboratve enterprise.Providing the ability to effectively
communicatefrom ary location on the Internetis an im-
portantconsideratiorgiven the impactthe Internethason
mary peoples personaland businesslives. Several tech-
nologiesprovide usefulbasedor exploration. Our VRML
applicationshave evolved, first throughdevelopmentof the
clientpart(Belfore2001)andthenhave beenextendedo in-
cludeclientsenerapplicationgBelforeandChitithoti 2000,
Belfore and Chitithoti 2001). The client applicationsare
stand-alonapplicationghatsuppat live updatespr theabil-
ity to addcontentto the world without reload. A variety of
modelscanbeaddedo a clientsessiorincluding,for exam-
ple, buildings,roadways,andareasf interest. Most models
includetheability to bemovedandeditedto suitthepatticular
circumstances Collectively, the sessiorrepresentsin area
of interesthatincludesmprovementandmodificationghat
arevisualized.The applicationintegratesG1S andplanning
informationappropriatdor thethemeof theapplication.To
expandthe capabilities,sener processinghasbeendevel-
opedto increasaheflexibility andcapabilities(Belforeand
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Chitithoti 2000,BelforeandChitithoti 2001,Belfore 2002).
The sener processingprovides the opportunityto enforce
accesgontrol,enableselectionof the contentto be viewed,
andto generatecontentdynamically Indeed,in (Belfore
2002),GISVRML contentis generatedy translatinghative
GIScontentjn theform of ESRIShapefile§ESRI11998),0n
demand.

To supportinformationsharing,a mechanisnmustbe
in placeto allow usergto determinevhatinformationcanbe
sharedandhow thatinformationis shared.As describedn
prior works (Belfore and Chitithoti 2000, Belfore and Chi-
tithoti 2001,Belfore 2002),a userhasseveralusageoptions
including startinga new sessionrevising anold sessionpr
includingasessiomadeavailableby anotheuser Sessions
from otherusersarereadonly to protecttheintegrity of the
original users session. The applicationsupportsmultiple
simultaneoudogins from a single userwho is restrictedto
reviewing sessionsiot actively beingreviewed. Interaction
amongusersslimited sinceinformationcanbeshaedonly at
login. Theresultsdescribedn this paperextendprior efforts
by enablingthe creationandmanagemenf virtual worlds
thatallow interactive collaboratiorthroughachatsessionin
additionto the expectedcapabilitiesassociatedvith a chat
applicationuseramayshareinformationfrom sessiongach
hascreated.Furthermoresimple operationgor combining
information from differentusersessiondave beenimple-
mentedthroughintersectiorandunion operations.The op-
erationsgive participantshe ability to determinecommon-
ality betweertheirrespectie effortsthroughtheintersection
operationrandcombinetheir efforts usingunionoperations.

Severalotherresearchersave madecontributionsin the
developmentof VRML basedcollaboratie virtual worlds
(TestaniWagnerandWehden1999,Brutzman,Zyda, Wat-
son,andMacedonial997, The Web3D Consortium,Incor-
porated2000,Kirner, Kirner, Kawamoto,CantaoPinto,and
Wazlawick 2001, Damer Marcelo, and Revi 1999). The
work most similar to oursincludesa concurrentchat that
links clientsin an educationalapplication(Kirner, Kirner,
Kawamoto,CantaoPinto,andWazlavick 2001). A chatthat
links clientsandtheirworldsto achatsenerenablecommu-
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nicationandmodificationof the worlds. Onecharacteristic
thatdistinguishe®urapplicationis themanneiin which ob-
ject propertiesarechanged.In (Kirner, Kirner, Kawamoto,
Cantao,Pinto, and Wazlawick 2001), a dialog appearsfor
editing objectlocationandappearancehereasin our ap-
plication,a usermodifiesobjectsthroughcandraganddrop
actionson objectswithin theworld. The Nerve Gardenar-
chitecture(Damer Marcelo,andRevi 1999)describeshow
algorithmsmimicking life processesreusedto createand
plantartificial plants.Nerve Gardens acollaboratvelabara-
tory allowing userdo createandgerminateplantsin anapplet
window with subsequeninsertioninto a scenegraphcom-
monto all users. The vrtp (Brutzman,Zyda, Watson,and
Macedonial997) describesa generalapproachfor linking
VRML basedvorldsandseveralexampledeployments(The
Web3D Consortiumncorporated?000). (Testani,Wagner
andWehdenl1999)describes virtual training environment
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,an overview of the LUV A architecturea pre-
sentatiorof the chatarchitecturean examplesessionanda
conclusion.

2 OVERVIEW OF THE ILUVA ARCHITECTURE

The applicationarchitectureis assembledo link four pri-
mary component¢Belfore andChitithoti 2000,Belfore and
Chitithoti 2001,Belfore 2001,Belfore2002). Thefirst com-
ponentis the domaindatathatis usedto setthe contet for
the world. The secondcomponents the sener that satis-
fies userrequestsconvertsbetweendataformats,andlogs
sessions.Thethird components the client applicationthat
rendersheworld. Thefourth componentthe chatcompo-
nentis describedn the next section. The interrelationship
amonghefirstthreecompnentsisillu stratedn Figure 1. At
startuptheusemrequestsheURL for theworld. In response,
thesener providesbothstaticinformationanddynamiccon-
tentthatis assembledio createthe requestedvorld. During
a sessionthe userhasthe ability to make live updatesj.e.
modify theworld, save applicationinformationonthesener,
andrestorea prior session.

2.1 Server Architecture

A key challengein creatingvisualizationsis beingableto
provide timely, up to dateinformationto clientsautomati-
cally. In orderto achieve this flexibility, the sener needs
to be able to determinewhat information is available and
thenpresentheappropriatehoicego theuseruponlogging
in. Furthermorethe maintenancgroceduredor updating
andaddinginformation shouldbe simpleandreliable. Ta-
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Figurel: Top Level Architecture

ble 1 shavsahighlevel sequencef theactiities thatoccur
in a session. The client and sener have specificfunctions
thatoccurin eachstep. In addition,the administratve as-
pectsfor eachactiity aredescribedn thethird column. The
sener architectures built uponthe Apacheweb senerand
ApacheJSergervletengine.Apacheprovidesall of thenec-
essarcapabilitiedo senefilesonthelntemet. ApacheJServ
enableghecodingof servlets]ight weightJazamethodsfor
accesgontrol, sessiorcontrol, generatiorof dynamiccon-
tent, and logging useractvity. The sener architectureis
designedo make updateof currentanddevelopmenbof new
deploymentsas easyas possible. The currentwork builds
on sener functionality describedn (Belfore and Chitithoti
2001 Belfore2002)andaddssignificantcapabilitiefor inte-
gratingdynamiccontent.Usersmaylog andafterloggingin,

Tablel: User Client,andAdministrative Aspects

| Client | Server

Administrative |

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

theuserhastheopportunityto selecinformationto view and
otheraspectselatedto the configuratiornof theworld. From
this configurationinformation, the requestednformationis
formattedandpresentedo the userfor verification. At this
point,thesenerassembletheinformationandmakeswhat-



Belfore and Battula

ever corversionsarenecessaryo includetheinformationin
theworld. Oncethe client hasrenderedhe world, the user
explorestheworld. At varioustimes,informationis passed
backto the senerto provide arecordof certainevents,such
astheadditionor modificationof afeature.

2.2 Client Architecture

Thedetailsof theclientarchitecturearedescribeceIsevhere
(Belfore and Chitithoti 2000, Belfore and Chitithoti 2001,
Belfore 2001). Theclientis written entirelyin VRML and
salientaspectf the architectureare describechere. The

purposeof theclientis to provide a platformuponwhich to

renderthe world andallow the userthe ability to navigate

throughandinteractwith theworld. In additionto managing
the directinteractionswith the user the client architecture
mustalsocommunicatevith thesener. Theclientarchitec-
tureis showvnin Figure2. GIS informationcanbeintegrated
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Figure?2: Client Architecture(Belfore andChitithoti 2001)

collision data

request

in severalways. In the basevisualization,GIS providesa
basicframe of referenceor the application,describingter-
rain,imageryandotherdesiredeatures.n addition,theGIS
canbeacomponentin theapplicationthata usercanchange
the appearancef or otherwisemanipulate(Belfore 2002).
To control the differentcapabilitiesandfeaturesa userin-
terfaceis includedto help guidethe userthroughthe world.
The userinterfaceis implementedasa heads up displayin
theworld thatalwaysfollowstheuser Theuserinterfacecan
includesuchfeaturesasnavigationaidesto assistheuserin
identifying importantfeaturesor locations.A live updateis
aprocessvherebynew contentis integratedinto anexisting
world. Dependingonthe complexity of the updatedcontent
andits linkageto theworld, the proces®f performingalive
updatecanbe complicated. In ILUVA, addedcontentcan
be movedandmanipulatedequiringa separatenodule the
resourceananagerto coordinate Furthermoregcaremustbe
takenin definingthe architectureof the contentto beadded.
Figure 3 givesan overview of the objectarchitecturehatis
deployedin ILUVA (Belfore 2001). Browserapplications
typically have limited capabilitiesto protectthe userfrom
maliciousor inadwertentmodificationof dataon the client
machine.Thus,in orderto captureinformationfrom a user
sessioncommunicatiorwith the sener is necessary The

Interaction Layer
Configuration and state

Object Activated =—
Command ———={_control

fields

type

=
Request Local selected dimensions
Grant —— || Atbiter

Highlight (BEEED
—| Touch and Plane " . : Orler?tatlon
Sensors. select, position, orientation parking

etc.

User interaction

Any update

. "
Bounding Box = ﬁg‘:siﬂr collision
Collision — = i

Behavior
Layer

Updates to Server

Figure 3: Object Architecture Supporting Live Updates
(Belfore2001)

clientapplicationcommunicatesvith the sener by request-
ing URLsfor servlets.Theseservletanaydirectthesenerto

log theinformationor mayalsobearequesfor VRML con-

tentthat canbe subsequentlype addedto theworld. These
communicationssuesaredescribedn detailin (Belforeand
Chitithoti 2001).

3 THE CHAT ARCHITECTURE

Building on prior work, ILUVA chatis aclientsenerarchi-
tecturethatimplementghechatthatrunsconcurrentvith the
session.The technologyfor constructingchatapplications
is well defined(Harold 2000). In this work, usershave two
methodsfor communicating. Previously, ILUVA provided
informationsharingonly throughthe sharingof sessionsn
a non-interactie fashionasdescribedn (Belfore and Chi-
tithoti 2001). A chatapplicationhasbeenintegratedinto the
ILUVA to extendits multiusercapabilities. The chatappli-
cation,implementedn Jasa, providesamethodallowing im-
mediatecommunicatioramongclientsthroughachatsener
application. The chatsupportshe exportingandimporting
of sessiondetweerusers.Thelatter partof this sectionex-
plainsthe chatclient, chatsener, importing a sessiorand
exportinga session.The chatapplicationarchitectures il-
lustratedn Figure4. In orderto assuresessiorownersretain
controlovertheirsessionshaing of sessiongsacconplished
only with their consent.The usersnegotiatesharingby ex-
changingchat messages Export of a sessionoccursafter
the provider exportsthe requestedessiorthroughthe chat
client. Uponnotificationof the export, thefirst userreloads
thescenehatincludesthe combinatiornof the currentusers
sessiorandthe exportedsession.

3.1 Chat Protocol

Thechatprotocoloperatesn aclient-sener modewith one
sener and several clients. Soclets are openedbetweena
singlesenerandeachclientaseachuserogsin andusersare
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Figure4: ChatApplication Architecture.

added.The chatsener is capableof acceptingconnections
from chatclientsandrelayingmessageamongstheclients.
The chatclient takesinput from the userandcommunicates
thisinformationto thesener. In addition,theclientdisplays
ary updatedgrom thesener. Thisformsthegroundwork for
thechatapplication.Thechatprotocolis simpleand sugports
a handfulof basiccommandsummarizedn Table?2.

Table2: ChatCommandSummary

Command Description
StartUserList informsthechatclientthatit is about
to receveis thelist of users
Add addsa userto theuserlist boxin all

thechat
removesauserfrom theuserlist box
of all thechatclients

clientRemoe

Endof UserList no more userto be updatedin the
userslist box of the chatclients of
all users

exportunion export operationwith union the of

two session$asto be performed
exportintersection| export operation with intersection
the of two sessionshasto be per
formed

3.2 Chat Client

Thechatclientthatis embeddedhto ILUVA is aJavaapplet
(Harold 2000). The chatclient appearsn a browserframe
andhasthe appearancshown in Figure5. Informationre-
lating to individual usersis storedas browser parameters,
previously setduring the login procesddy servletsthatthe
chatclientusego negotiateasoclketconnectiorwith thechat
sener. Thechatclientinterfaceincludesthreebuttons,two
radiobuttons alist, andtwo text boxes. In onetext box, mes-
sagedrom otherusersaredisplayed servingasthe bulletin

boardfor the chatsener. In typical “chat” fashiontheuser
respondgo the message the bulletin boardby entering
amessageo send. Thetwo remainingbuttonsare usedfor
exportinga sessiorto a userandimportinga sessiorfrom a
user Thelist boxdisplaysall theusersvhohavebeernogged
on this virtual ervironment. If a sessioris to be exported,
theuserhasto selectauser(to whomtheuserlik esto export
asessionfrom thelist. A mouseclick ontheuserin thelist
setstheervironmentfor exportingasessiorto him/her The
exportbuttonhasto be pressedn orderto transfera session
totheselectediser Throughthechatbulletinboardtheusers
cannegotiatethe exchangeof information. Oncethe export
is confirmed ,the recipientselectshe reloadbuttonto view
all theobjectsthathave beenexportedfor the selectedper
ation. Theradio buttonsfor union andintersectioncontrol
theexportfunction. Everyapplethasathread(Harold2000)
thatreadso andwritesfrom thechatsener. Thecommands
thatareexchangedrelistedin Table2. In addition,thechat
client handlesfunctionssuchas addinga userto the user
list uponloggingin, deletingthe userwhenloggedout, and
managingthe client chatdisplay Userinformationfor the
chatseneris providedthroughservletcallsonthesenerthat
maintainandupdatelist of concurrentchatclients.

sudheer_2000: | have exparted my session ta pou Dr. Belfore
Belfore_2000: Export yaur session to me

sudheer_2000
sudheer_2000: Hello Dr.Belfore suresh_2000
Belfore_2000: Hi Sudheer

{ Send |

Expoit | Reload | tnion © Intersestion

Figure5: ChatClient Appearance

3.3 TheChat Server

The chat sener operateson the samemachinethat senes
Internetcontentand servletmethods. This is necessaryn
ourapplicationbecausdothaccessa commondatabaseon
this machine. The chatsener will responduponreceving
ary of theclientcommandsummarizedn Table2 andper
form therequiredprocessingWhenanew userlogsin, the
useris connectedo the chatsener by issuinganaddcom-
mand.Sinceseveraluseranaybeloggedin simultaneously
multi-threading(Harold 2000)is necessaryRequestsrom
theclientareprocesse@ndthe chatsener providesseveral
resultsncludingalist of chatparticipantsavailableexported
sessionsandsessioroperations.Thechatsener mustinter-
actwith the samedatabas@sthe servletsdescribedabove,
so an interlock mechanismis implementedto ensurethat
thedatabasés not corrupted.Wheneitherthe export-union
or export-intersectiorcommandsareissued the sener will
combinethe sessionin therequestedashion.Currentlythe
unionandintersectioroperationsaredeterminedy identify-
ing coincidentobjectsin the sceneaslistedin therespectie
sessiorfiles for theusers.Theunionoperationenablesol-
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laboratorgo combinetheir work into a singlesession.The
intersectiorenablesiserso examinedifferercesbetweerthe
sessionsusefulif both are comparingmodificationsto the
samearea.

4 SESSION

In this section,anexampleof aninterchangéetweerusers
is presented. The ILUVA applicationsupportssharingof
informationbetweerusersn two methods.Theinformation
sharingmechanisndiffers in whetheror not the directand
immediateinteractionwith anotheruseris necessaryin the
firstcasewhenuserdogin, sessiongxportedby otherusers
areavailabletheir review (Belfore andChitithoti 2001). By
this method,sessionsreexportedin aread-onlyfashionto
protectthe integrity original users session. In this work,
a secondmoreinteractve sharingmethodis presentedhat
reliessupportedby a chatapplication. Using the chat, the
userscan memge their sessiongising a union operationor
identify the commoncomponentghroughthe intersection
operation.Figure6 shavs the processandresultof a union
operation. As notedearlier the significanceof the union
operationis in the ability to combinework betweenusers.
In Figure 6.a, a userrequestsa sessiorfrom anotheruser
Figure6.bshawvsthestateandchatclient of theseconduser
This userselectghe operation githerunion or intersection,
andexportsit to thefirst user After the export, the second
userinforms the first that the export has occurred. With
the confirmation,the first userreloadsthe sceneas shovn
in Figure6.c. In addition,Figure7 shows the intersections
betweertheinitial sessiorandthe modifiedsession.

5 SUMMARY

In this paper we have presentedextensionsto the ILUVA

architecturghatsupporta concurrentollaboratve chatses-
sion. Thechatsessiorsupportdmmediatecollaboratiorand
sharingof informationamonguserghatarecurrentlylogged
in. Union andintersectioroperationsaresupportedo shov

modificationsand cumulatve efforts respectiely. Future
work will focus on developing a wider rangeof chat op-
erations,closerintegration of the chatsener with the web
sener, andalsoto supportconcurren’VRML worldswhere
modificationgy oneclientareimmedigely reflectedn other
clients’worlds.
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Belfore_2000; Export pour session to me Belfore_2000 sudheer_2000; | have exported my session ta you Dr. Beliore
sudhesr_2000 Hello Dr Belfore sudhee_2000 Belfore_2000: Export your session ta me sucheer_20001
Belfore_2000: Hi Sudhesr suresh_2000 sudhesr_2000: Hello Dr.Beltore suresh_2000
Belfore_2000: Hi Sudheer

Send [ Send

Export Reload [~ urion " Intessection Export | Retoad |& urion  Intersection

(a) Userl Request (b) User2 ExportOperation

udheer_Z000; | have exported my session to pou D1, Bellore Belfore_2000
Beliore_2000: Export your session to me sudheer_2000
sudhest_2000: Hello D Belfare suresh_2000
B eliore_2000; Hi Sudheer

Send

Export | Rl |7 Urien © Intessction

(c) ResultingUnion

Figure6: ExampleChat: Union Operation
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