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Abstract. In thispaperwefocusontwoaspects:(1)theapplicationof grid tech-
nology to allow a groupof geographically disperseusers to accomplisha given
taskcollaboratively; (2) distributedscientificvisualizationthrough grid. Hence-
forth, wefirstly describesomecollaborativeenvironments. Then,visualization
techniquesthat canbeimplementedin grids are focused.Thesetechniquescan
be integrated in a collaborative visualizationsystemthrough grid technology.
Weendthispaperwith someconsiderationsaboutcollaborativevisualizationat
theLNCC andfinal considerations.

Resumo. Nesteartigo, são analisados dois aspectos:(1) Aplicaçõesde grid
para permitir que um grupo de usúarios distribuı́dos pela Web desenvolva
trabalho colaborativo; (2) Visualização cient́ıfica distribuı́da via tecnologias
de Grid. Assim,primeiramente, descrevemosalgunssistemascomputacionais
que suportam trabalho cooperativo. Em seguida, serão descritastécnicas
de visualização que podemser implementadaseficientementeem ambiente
Grid. Estesmétodospodemser integrados a um sistemacolaborativo para
visualizaç̃ao de dados em Grid. Finalizamos este trabalho com algumas
considerações sobre visualização colaborativa no LNCC e apresentamosas
conclus̃oes.

1. Intr oduction

Grid Computing providestransparentaccessto distributed computing resourcessuchas
processing,network bandwidthandstoragecapacity. A singlesystemimageis created,
offering opendistributedprocessingsupport, allowing applicationsdevelopment,usage
and maintenance.Grid user essentially seesa single, large virtual computerdespite
of the fact that the pool of resourcescan be geographically-distributed and connected
over world-widenetworks[Fosteret al., 2002]. At its core,Grid Computingis basedon
an openset of standardsandprotocols(i.e., OpenGrid ServicesArchitecture: OGSA
[Fosteret al., 2002]) that enablecommunication acrossheterogeneous,geographically
dispersedenvironments.

In thispaperweareinterestedongrid computing solutions for collaborativeenvi-
ronmentsanddataanalysisthroughscientificvisualizationtechniques.



Thedataexploration canbea very computational expensive task,speciallywhen
using scientific visualization methods,a fundamentalset of tools for data analysis
[Rosenblumetal., 1994].

Moreover, it is desiredthat applicationsand networked users(anywherein the
world) cansharea graphicalrepresentationof thedata,seeit from their respectivepoints
of view communicatedwith eachother, and interactwith the virtual environmentthat
representsthedata[Damet al., 2000].

It is a suitablescenariofor Collaborative VisualizationSystems(CVE). Sim-
ply stated,thesecomputersystemsintegrateinput/outputdevicesandcomputational re-
sourcesto allow oneor morenetworked usersto observe andinteractwith a computer
generatedscene[Park etal., 2000]. The rangeof devicescanvary from traditionalones
(mouseand2D desktops) to virtual reality devices(dataglove andshutterglasses,for
example) [Oliveira andGeorganas,2002].

In this paper, we focuson distributedscientificvisualizationtechniquesandcol-
laborativevisualization usinggrid.

This paperis organizedasfollows. Firstly, section2. describessomeCollabora-
tive Environments.ScientificVisualization techniquesarediscussedon section3.. Next,
in section4., we show examplesof collaborative visualization systems.Section5. de-
scribesa projectin developmentat LNCC whichaimsto exploretheLNCC Grid Project
[LNCC, 2003] in thecontext of collaborative visualization. Finally, we give conclusion
onsection6..

2. CollaborativeEnvir onments

Collaborative Environmentsarea setof tools thatallow a groupof usersto accomplish
a given taskcollaboratively, even if suchusersaregeographicallydisperse.Suchenvi-
ronmentsincludefrom simple videoconferencingsystemstill High-Resolution, Realistic
ImmersiveCollaborativeVirtual Environments.

2.1. Multimedia Conferencing

Thesimplestmodelof collaborativesystemis thatimplementedthroughasimpleVideo-
conferencingSystem,alsocalledMultimediaConferencing.Suchsystemsallow a group
of usersto sharetheir visual spacethroughthe transmission of audioandvideo among
them. Thatenablesmeetingsamongst suchindividualsto becarriedout evenif they are
geographicallyspread.

TheITU-T H.32xrecommendationfamily (Packet-basedmultimediacommunica-
tionssystems) is of specialinterestif onewishesto implementMultimediaConferencing
overtheInternet.MultimediaConferencingsystemscanprovideadditionalservicesother
thanthesimple transmissionof audioandvideo. Onesuchadditionalservicewhich has
beencommonly madeavailableis thesharingof applications, whichis carriedoutthrough
theITU-T recommendation T.128(Multipoint Application Sharing).Videoconferencing
SystemssuchasMicrosoftNetmeeting, CUSeeMeandLotusSametimeareafew samples
of suchsystems.



2.2. CollaborativeVirtual Envir onments

MultimediaConferencingis usefulwhena relatively smallnumberof usersareexpected
to participatein the session.Whensuchnumbergoesbeyonda certainlimit it startsto
gethardto managethesession,for instance,it is no longerpossibleto seeall participants
in the session,asthe numberof video windows would be cumbersome.Many systems
chooseto limit the numberof participantswhich areshown at once. Lotus Sametime,
for instance,only displaysthevideoof theoneparticipantwho is saidto bethespeaker
at a given time (aswell as the video of the own participant). A Collaborative Virtual
Environment (CVE) may be considereda moreadvancedmodelof multimediaconfer-
encingto certaindegree,asit allows a greaternumberof usersto interactthrougha 3D
representationof eachuser. Such3D representationsof usersis commonly calledavatar.

Thereareseveralmodelsof CVEs,from thesimplecollaborationthroughadesk-
top CVE, which runs in a standardhomecomputerwith standardinput/output devices
all the way to High-Resolution, Realistic,Immersive CVEs, whereusers’s actionsare
trackedby devicessuchasdatagloves,GPSsystems,head-mounteddisplaysandalike.

2.2.1. Standard CVEs

DesktopCVEs: DesktopCVEs are the more widely spreadformat of CVE. In this
setup a standardcomputer is used to display synthetic 3D spaceswhich may be
sharedthrough a network amonga group of users. Many gaming companieshave
implementeda numberof collaborative gameswhich are basedon a 3D world, for
instancethe well known DOOM, QUAKE, etc. The academiahas also presenteda
numberof prototypes for various fields of application, ranging from online training
[Oliveiraet al., 2000b, Oliveira etal., 2000a,Kirner et al., 2001] all the way to collabo-
rativedesign[Daily etal., 2000, Hindmarshetal., 2000] andmorecomplex applications.
Figure1 (left) showsastandardCVE.

IWall: The IWall is a large, single screendisplay using four or more tiled graphic
pipesfor increasedresolution[CAVE, 2002]. Figure1 (right) shows theIWall interface.

Figure 1: Standar d Desktop CVE (left) and IWall (right).

2.2.2. Semi-Immersiveand ImmersiveCVEs

Immersadesk: The ImmersaDeskis a drafting-tableformat virtual prototyping device.
Using stereoglassesand sonic headand hand tracking, this projection-basedsystem



offers a type of virtual reality that is semi-immersive [CAVE, 2002]. Figure 2 (left)
shows a Immersadesksetup.

CAVE: The simplest setup that provides some immersivenesssensationis the one
calledCAVE. A CAVE (Cave Automatic Virtual Environment)consists of a 10x10x10
feetroomwith projectionsin threeof its walls,aswell asthefloor (SeeFigure2 (right)).
Such projectionsare computer controlled and are renderedaccordingto the user ’s
actions;for instance,if the usermoves its arm forcefully, a virtual bird may be scared
off a treein theVirtual Environment(VE). ThenameCAVE is a referenceto TheSimile
of the Cave found in Plato’s Republic,in which the philosopherexploresthe ideasof
perception,reality, andillusion. Platousedthe analogyof a personfacingthe backof
a cave alive with shadows that arehis/heronly basisfor ideasof what real objectsare
[CAVE, 2002].A CAVE givesagoodsensationof immersivenessfor its users.

The first CAVE hasbeenintroducedin 1992during the ACM SIGGRAPH’92.
They havebeenhistorically usedstandalone,in whichcaseauser(orsmallgroupof users)
wasexpectedto interact,alone,with theVE. More recently[CAVE, 2002], collaboration
amongseveraluserslocatedin variousCAVEsgeographicallyspreadhasbeenintroduced.
Suchcollaborativesetupis still a currentresearchtopic.

Figure 2: Imersadesk (left) and CAVE (right) setups.

2.2.3. Other ImmersiveCVEs

Thereis a numberof otherimmersive VR setups,which includescurvedwalls andalike.
Curvedwalls consistof high resolution curvedscreensthatcanprovide immersionexpe-
rienceto a largenumberof usersat once(40 or so). While CAVEs areusuallylimitedto
a smallgroupof users(2-3) curvedwalls doprovidesupportto a largeraudience.Figure
3 showsacurvedwall setup.

FakeSpaceSystemshasintroducedthe RAVE, which would be a reconfigurable
displaysetupwhich is presentedasanevolution from CAVEs [Fakespace,2002].

3. Distrib uted Visualization Techniques

Thetechniquesin scientificvisualizationcanbeclassifiedaccordingto thedatatypethey
manage.Scalar fields(
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anda tensorfieldscomposetheusualrangeof datatypesin thisfield.



Figure 3: Curved wall setup.

Henceforth,wehavemethodsfor scalarfieldsvisualization(isosurfacegeneration
andvolumerendering,colormap,etc.),vectorfieldsvisualization(field linesgeneration,
particletracing,topology of vectorfields,LIC, amongothers)andtechniquesfor tensor
fields(topologyandhyperstreamlines)[Rosenblumet al., 1994].

Oncein computationalgridstheresourcesmaybegeographically-distributed,we
must considerin this discussion the visualizationtechniquesthat can be implemented
efficiently in distributedmemoryenvironments.

Amongthosecitedmethods,isosurfacesandvolumerenderingarethemostproper
for this king of architecture[Abello andVitter, 1999]. Althoughthey arenot in thecore
of thisproposal,it is interestingto seesomedetailsof themfor furtheranalysis.

In volumerendering,thevisualization modelis basedontheconceptof extracting
theessentialcontentof a 3D datafield by virtual rayspassingthefield [Krueger, 1991].
Theserayscaninteractwith thedataaccordingto artificial physical laws designedto en-
hancestructuresof interestinside.Theselawscanbesummarizedin a transportequation
of theform:
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is a distanceover the ray,
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is the scalar field to be visualized,  is
the extinction coefficient, and
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representsgeneralizedsources[Krueger, 1991,

Rosenblumet al., 1994]. Figure4 picturesthebasicideabehindthemodel.

Isosurface extraction methods work differently [LorensenandCline,1987].
Given avalue ( andascalarfield

�
, theisosurface( is definedastheset:
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As well asvolumerendering,theresultis abi-dimensional imageoutof thethree-
dimensionaldata.However, in this caseall datacellsarefirst visitedto identify cellsthat
intersecttheisosurface

) � ( � . Then,thenecessarypolygon(s)to representtheportionof
the isosurfacewithin thecell is generatedandstored.Up to theendof this process,the
obtainedsetof polygonsgivesapiecewiselinearrepresentationof theisosurface.

In volume rendering,eachray contribution canbe computedindependently(see



Figure 4: Volume Rendering: vir tual rays passing the field, interacting with data
and give the final image.

Figure 4). The sameis true for eachportion of an isosurface. Hence, both these
methodscan be efficiently implementedin distributed memory machines[Ma, 1995,
Lombeydaet al., 2000, Rosenblumetal., 1994].

Theimplementationof theothermethodscited,for distributedmemorymachines,
dependsonspecialconsiderations.

These(andothers)techniquescanbe integratedin a computersystem.Next, we
describesomeexamplesof visualizationsystemsin thecontext of interest.

4. CollaborativeVisualization Systems

In scientificapplications, modernresearchis not conductedalone. Oftena teamof col-
laboratorsworksin thesamesubject,sharinganddiscussing partialresults.Collaborative
visualizationsystemstry to addressthesenecessitiesandcanbeaugmentedwith virtual
reality technology[PakstasandKomiya,2002].

TeleInViVo [Colemanet al., 1996] wasdevelopedby the FraunhoferCenterfor
ComputerGraphicsresearchwith the sponsorship of the DefenseAdvancedResearch
ProjectsAgency (DARPA) andthe US Army Medical AdvancedTechnologyManage-
mentOffice (MATMO). It is anapplicationthatsupportscollaborative visualizationand
explorationof volumetricdata,includingcomputedtomography, magneticresonanceand
PET - Positron-Emission Tomography. The main goal of TeleInViVo is to facilitatedi-
agnosis,medicaltraining, surgery, andtherapy planningandtreatment,usingreal-time
visualizationin adistributedenvironment.

Collaborative environmentshave beenenhancedwith the merging of audioand
videowith collaborativevirtual reality, data-miningandscannedscenarios.Theextended
concept- Tele-Immersion- is theultimatesynthesis of computervision techniques(real-
timescannedscenereconstruction),networkingandgraphics[Leigh et al., 1998].



TheTele-ImmersiveDataExplorer(TIDE) is suchasystemdesignedfor scientific
visualizationpurposes[Sawantet al., 2000]. It is a framework for groupsof scientists,
eachat a geographicallydisparatelocation,collectively participatein a dataanalysisses-
sion, in a virtual environment. The databeinganalyzedcanbe storedon dataservers,
whichareata differentlocationfrom theclients.

Also, development systemsare available. That is the caseof CAVERNsoft
[Parket al., 2000], a toolkit the rapid creationof tele-immersive applicationswith the
synthesis of not only virtual environmentsand multimediatechniquesbut also the ac-
cessof accessof supercomputing resourcesandmassive datastores,that areconnected
over high-speedworld-widenetworks. Globus[Globus,2003] is themiddlewareusedin
CAVERNsoftG2.

Thenext stepis to considerthevisualizationtechniquesof interest.It endswith
thespecificmethodthatwewill implementin theproposedsystem.

5. CollaborativeVisualization at LNCC

We aim at exploring the LNCC Grid Project [LNCC, 2003], developedby the COM-
CIDIS ResearchGroup, for the development of applications that supportcollaborative
visualizationfor theexplorationof scientificdatasets.

Thefollowing sectiondescribesa projectsthatencompassVR andgrid technolo-
gies.They havebeendevelopedby theScientificVisualizationandVirtual RealityLabo-
ratoryteam(http://virtual01.lncc.br)andCOMCIDIS Research Group[LNCC, 2003], at
theLNCC.

5.1. Low-CostCAVE and CollaborativeSystems

Thegoalof thisprojectis to exploreimmersivevirtual environments in fieldssuchasSci-
entificVisualization andBiotechnology. Thefirst stepto achievesuchgoalis to assemble
a low-costCAVE basedonaclusterof PCsto drive therenderingprocessin theCAVE.

A further step will be to integrate the CAVE in a collaborative environment
[OliveiraandGeorganas,2002] to allow agroupof researchersto accomplishagiventask
collaboratively, even if suchusersaregeographicallydisperse.By this way, the CAVE
facilitieswill beaugmentedto allow auserto sharehis/herview with a remoteuserusing
aHead-MountedDisplay[Mindflux, 2002]or evena2D display.

The existing grid computing facilities at the LNCC [LNCC, 2003] will be used
to provideaplatformfor accessinggeographically-distributedcomputationalresourcesto
achievesuchgoal.

Besides,high-performanceprocessingunits will be integratedthroughthe Grid
allowing to simulate complex systemsfaster. The generateddatacould be displayedin
theCAVE andsharedwith usersin thesystem.

6. Conclusions

Thevisualization of largedatasetsis importantfor scientificandengineeringapplications.



In this paperwe describedistributed visualization techniquesandcollaborative
visualizationenvironments implementedthroughgrid technology.

Besides,we show a projectbeendevelopedat LNCC which aimsto explore the
LNCC Grid Project[LNCC, 2003], developedby the COMCIDIS ResearchGroup,for
thedevelopmentof applicationsthatsupportcollaborativevisualization.
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