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Abstract. In thispaperwefocusontwo aspectsi1)theapplicationof grid tech-
nologyto allow a groupof geagraphically dispeseusess to accomplisha given
taskcollaboratively; (2) distributedscientificvisualiationthrough grid. Hence-
forth, wefirstly describesomecollaborative ervironmens. Then,visualization
tedhniquesthat canbeimplementeadn grids are focused.Theseedhniquescan
be integrated in a collaborative visualization systenthroudh grid technolagy.

We endthis paperwith someconsideationsaboutcollaborative visualization at

the LNCC andfinal consideations.

Resumo. Nesteartigo, sdo analisad® dois aspectos:(1) Aplicagdesde grid

para permitir que um grupo de usuarios distribuidos pela Web desemolva
trabalho colabomtivo; (2) Visualizacdo cientfica distribuida via tecnolaias
de Grid. Assim,primeiramente descevemosalgunssistemasomputaciona

gue suporam trabaho coopeantivo. Em seuida, serao descritastécnicas
de visualizg&do que podemser implementadasficientementeem ambiente
Grid. Estesmétodospodemser integrados a um sisema colabomativo para

visualza@o de dadosem Grid. Finalizamos este trabalho com algumas
consideacdes sobe visualiacao colabomtiva no LNCC e apresentamoss
concludes.

1. Intr oduction

Grid Computng providestransparenaiccesgo distributed computng resourcesuchas

processingnetwork bandwidthandstoragecapacity A singlesystemimageis created,
offering opendistributed processingsupport allowing applicationsdevelopment,usage
and maintenance. Grid user essentiall seesa single, large virtual computerdespite
of the fact that the pool of resourcescan be geographically-distbuted and connected
over world-wide networks [Fosteretal., 2003. At its core,Grid Computingis basedon

an openset of standardsand protocols(i.e., OpenGrid ServicesArchitecture: OGSA

[Fosteretal.,2003) that enablecommuication acrossheterogeneousyeographically
dispersearvironmens.

In this paperwe areinterestedn grid computirg solutiors for collaboratve ervi-
ronmentsanddataanalysighroughscientificvisualizationtechniques.



Thedataexploration canbe a very computatioal expensve task,speciallywhen
using scientific visualzation methods,a fundamentalset of tools for data analysis
[Rosenblunetal., 1994.

Moreover, it is desiredthat applicationsand networked users(anywherein the
world) cansharea graphicalrepresentationf the data,seeit from their respectre points
of view communcatedwith eachother andinteractwith the virtual ervironmentthat
representghedata[Dametal., 200Q.

It is a suitablescenariofor Collaboratve Visualization Systems(CVE). Sim-
ply statedthesecomputersystemsntegrateinput/outputdevicesandcomputatbnal re-
sourcedo allow oneor more networked usersto obsere andinteractwith a computer
generatedcendgPark etal.,200J. Therangeof devicescanvary from traditionalones
(mouseand 2D desktop to virtual reality devices (dataglove and shutterglassesfor
exampk) [Olivera andGeoganas2003.

In this paper we focuson distributed scientificvisualzationtechniquesandcol-
laboratve visualizatio usinggrid.

This paperis organizedasfollows. Firstly, section2. describessomeCollabora-
tive Environments. ScientificVisualizaton techniquesrediscussean section3.. Next,
in section4., we shov examplesof collaboratve visualizaton systems. Section5. de-
scribesa projectin developmentat LNCC which aimsto explorethe LNCC Grid Project
[LNCC, 2003]in the context of collaboratve visualization. Finally, we give conclusion
onsectiont..

2. Collaborative Environments

Collaboratve Environmentsare a setof toolsthatallow a groupof usersto accomplish
a giventaskcollaboratvely, evenif suchusersare geographicallydisperse.Suchenvi-
ronmentgncludefrom simge videoconferencingystemdill High-Resolutio, Realistic
Immersve Collaboratve Virtual Environmens.

2.1. Multimedia Conferencing

The simplestmodelof collaboratve systemis thatimplementedhrougha simpleVideo-
conferencingsystemalsocalledMultimediaConferencing Suchsystemsallow a group
of usersto sharetheir visual spacethroughthe transmision of audioandvideo among
them. Thatenablesmeetingsamongs suchindividualsto be carriedout evenif they are
geographicallyspread.

ThelTU-T H.32xrecommendatiofamily (Packet-basednultimediacommunca-
tionssystemyis of specialinterestif onewishesto implementMultimediaConferencing
overthelnternet.MultimediaConferencingystemsanprovide additionalserviceother
thanthe simde transmssionof audioandvideo. Onesuchadditionalservicewhich has
beencommony madeavailableis thesharingof applicationswhichis carriedoutthrough
thelTU-T recommendatin T.128 (Multipoint Application Sharing).Videoconferencing
SystemsuchasMicrosoft NetmeetingCUSeeMeandLotusSametimereafew samples
of suchsystems.



2.2. Collaborative Virtual Environmernts

MultimediaConferencings usefulwhenarelatively smallnumberof usersareexpected
to participatein the session.Whensuchnumbergoesbeyond a certainlimit it startsto
gethardto managdhesessionfor instanceijt is nolongerpossibleto seeall participants
in the sessionasthe numberof video windows would be cumbersomeMany systems
chooseto limit the numberof participantswhich are shavn at once. Lotus Sametime,
for instance pnly displaysthe video of the oneparticipantwho is saidto bethe spealer
at a given time (aswell asthe video of the own participant). A Collaboratve Virtual
Environment (CVE) may be considereca more advancedmodel of multimediaconfer
encingto certaindegree,asit allows a greatemumberof usersto interactthrougha 3D
representationf eachuser Such3D representationsf userss commony calledavatar.

Thereareseveralmodelsof CVEs,from thesimplecollaborationthrougha desk-
top CVE, which runsin a standarcthome computerwith standardnput/ouput devices
all the way to High-Resolutio, Realistic,Immersive CVES, whereusers’'s actionsare
tracked by devicessuchasdataglwes, GPSsystemshead-mountedisplysandalike.

2.2.1. Standard CVEs

DesktopCVEs Desktop CVEs are the more widely spreadformat of CVE. In this
setup a standardcompuer is usedto display synthetic 3D spaceswhich may be
sharedthrough a network amonga group of users. Many gaming companieshave
implementeda numberof collaboratve gameswhich are basedon a 3D world, for
instancethe well knovn DOOM, QUAKE, etc. The academiahas also presenteda
numberof prototypes for various fields of application, ranging from online training
[Oliveiraetal.,2000h Oliveiraetal.,2000a,Kirner etal.,2001] all the way to collabo-
rative design[Daily etal.,200Q Hindmarshetal., 2000 andmorecomplec applicatians.
Figurel (left) shavs astandardCVE.

IWall: The IWall is a large, single screendisplay using four or more tiled graphic
pipesfor increasedesolutionCAVE, 2003. Figurel (right) shavs thelWall interface.

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

2.2.2. Semi-Immersive and Immersive CVES

Immesadesk The ImmersaDesks a drafting-tableformat virtual prototypirg device.
Using stereoglassesand sonic headand hand tracking, this projection-basedystem



offers a type of virtual reality that is semi-immersve [CAVE, 2003. Figure 2 (left)
shovs almmersadesketup.

CAVE: The simplest setup that provides some immersvenesssensationis the one
calledCAVE. A CAVE (Cave Automatc Virtual Environment)consiss of a 10x10x10
feetroomwith projectiondn threeof its walls, aswell asthefloor (SeeFigure2 (right)).

Such projectionsare compuer controlled and are renderedaccordingto the user’s

actions;for instance,f the usermovesits armforcefully, a virtual bird may be scared
off atreein the Virtual Environment(VE). The nameCAVE is areferenceo The Simile
of the Cavefound in Plato’s Republic,in which the philosopherexploresthe ideasof

perception reality, andillusion. Platousedthe analogyof a personfacingthe back of

a cave alive with shadaevs that are his/heronly basisfor ideasof what real objectsare
[CAVE, 2002]. A CAVE givesa goodsensatiorof immersvenesdor its users.

The first CAVE hasbeenintroducedin 1992 duringthe ACM SIGGRAPH’92.
They have beenhistorically usedstandalonen which caseauser(or smallgroupof users)
wasexpectedo interact,alone,with the VE. More recently[CAVE, 2003, collaboration
amongseveraluserdocatedn variousCAVEsgeographicallgpreachasbeenintroduced.
Suchcollaboratve setupis still a currentresearchopic.

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

2.2.3. Other Immersive CVEs

Thereis a numberof otherimmersive VR setupswhichincludescurvedwalls andalike.
Curvedwalls consistof high resolution curved screenghatcanprovide immersionexpe-
rienceto a large numberof usersat once(40 or so). While CAVEs areusuallylimitedto
asmallgroupof userg(2-3) curvedwalls do provide supportto a largeraudienceFigure
3 shavsacurvedwall setup.

FakeSpaceSystemshasintroducedthe RAVE, which would be a reconfigurable
disply setupwhichis presentecésanevolution from CAVES [Fakespace2003.

3. Distrib uted Visualization Techniques

Thetechniquesn scientificvisualizationcanbe classifiedaccordingo the datatypethey
manage Scalar fields(F : D ¢ ®* — R), vectorfields(F (z) isavector x € D C R3)
andatensorfieldscomposeheusualrangeof datatypesin thisfield.



Figure 3: Curved wall setup.

Henceforthwe have methoddor scalarfieldsvisualization(isosurbicegeneration
andvolumerendering colormap.etc.), vectorfields visualzation(field lines generation,
particletracing,topolagy of vectorfields, LIC, amongothers)andtechniquedor tensor
fields (topologyandhypersteamlinesJRosenblumetal., 1994].

Oncein computatbnal gridstheresourcesnay be geographically-distribited,we
must considerin this discusson the visualizationtechniqueghat can be implemented
efficiently in distributedmemoryernvironments.

Amongthosecitedmethodsisosurbcesandvolumerenderingarethemostproper
for this king of architecturdAbello andVitter, 1999]. Althoughthey arenotin the core
of this proposaljt is interestingto seesomedetailsof themfor furtheranalysis.

In volumerenderingthevisualization modelis basedn the concepf extracting
the essentiatontentof a 3D datafield by virtual rayspassinghefield [Krueger, 1991].
Theserayscaninteractwith the dataaccordingto artificial physicallaws designedo en-
hancestructureof interestinside. Theselaws canbe summarizedn a transportequation
of theform:

dl

T ==0()I(s)+9(s), (1)
where s is a distanceover the ray, I is the scalar field to be visualzed, o is
the extinction coeficient, and g (s) representsgeneralizedsources[Krueger, 1991,
Rosenblunetal., 1994. Figure4 picturesthe basicideabehindthe model.

Isosurfice extraction methods work differently [LorensenandCline, 1987.
Given avalueq andascalarfield F', theisosurfceq is definedasthe set:

C(q)={z €R* F(2) =q}. @

As well asvolumerenderingtheresultis a bi-dimensonalimageout of thethree-
dimensonal data.However, in this caseall datacellsarefirst visitedto identify cellsthat
intersectheisosuraceC (¢). Then,the necessarpolygon(s)to representhe portion of
theisosurbcewithin the cell is generategndstored. Up to the endof this processthe
obtainedsetof polygonsgivesa pieceaviselinearrepresentatioof theisosuface.

In volume rendering,eachray contribution canbe computedndependently(see
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Figure 4: Volume Rendering: virtual rays passing the field, interacting with data
and give the final image.

Figure 4). The sameis true for eachportion of an isosuface Hence, both these
methodscan be efficiently implementedin distributed memory machines[Ma, 1995
Lombeydaetal.,200Q Rosenblurnetal., 1994.

Theimplementationof theothermethod<ited,for distributedmemorymachines,
depend®n specialconsiderations.

These(andothers)techniquesanbe integratedin a computersystem.Next, we
describesomeexamplesof visualizationsystemsn the context of interest.

4. Collaborative Visualization Systems

In scientificapplications modernresearchs not conductedalone. Often a teamof col-
laboratoravorksin the samesubject sharinganddiscusshg partialresults.Collaboratve
visualizationsystemdry to addresghesenecessitieandcanbe augmentedvith virtual
reality technology{PakstasandKomiya, 2002].

TeleIniVo [Colemanetal., 199§ was developedby the FraunhoferCenterfor
ComputerGraphicsresearchwith the sponsorsip of the DefenseAdvancedResearch
ProjectsAgeng/ (DARPA) andthe US Army Medical AdvancedTechnologyManage-
mentOffice (MATMO). It is anapplicationthat supportscollaboratve visualizationand
exploration of volumetric data,includingcomputedomagraphy magnetiacesonanceand
PET - Positron-Emision Tomogaphy The maingoal of TeleIn\iVo is to facilitate di-
agnosismedicaltraining, suigery, andtheray planningandtreatment,usingreal-time
visualizationin a distributed environment.

Collaboratve ervironmentshave beenenhancedvith the meiging of audioand
videowith collaboratve virtual reality, data-miningandscannedcenariosTheextended
concept Tele-Immersion is the ultimatesynthess of computervision techniquegreal-
time scannedcenaeconstruction)networking andgraphicqLeigh etal., 1998.



TheTele-Immersire DataExplorer(TIDE) is sucha systemdesignedor scientific
visualization purposegSavantetal., 2000]. It is a framevork for groupsof scientiss,
eachata geographicallydisparatdocation,collectively participatein a dataanalysisses-
sion, in a virtual ervironment The databeinganalyzedcan be storedon dataseners,
which areata differentlocationfrom theclients.

Also, development systemsare available. That is the caseof CAVERNSsoft
[Parketal., 2000], a toolkit the rapid creationof tele-imnersive applicationswith the
synthess of not only virtual ervironmentsand multimediatechniquesout alsothe ac-
cessof accesf supercomputig resourcesand massve datastores thatare connected
over high-speedvorld-wide networks. Globus [Globus,2003]is the middeware usedin
CAVERNSsoftG2.

The next stepis to considerthe visualizationtechniquesf interest. It endswith
the specificmethodthatwe will implementin the proposedsystem.

5. Collaborative Visualization at LNCC

We aim at exploring the LNCC Grid Project[LNCC, 2003, developedby the COM-
CIDIS ResearchGroup, for the developnent of applicatios that supportcollaboratve
visualzationfor the explorationof scientificdatasets.

Thefollowing sectiondescribes projectsthatencompas¥R andgrid technolo-
gies. They have beendevelopedby the ScientificVisualizationandVirtual Reality Labo-
ratory team(http:/MirtualO1.Incc.briand COMCIDIS Researh Group[LNCC, 2003, at
theLNCC.

5.1. Low-Cost CAVE and Collaborative Systems

Thegoalof this projectis to exploreimmersve virtual ervironmensin fieldssuchasSci-
entific Visualization andBiotechnology Thefirst stepto achieve suchgoalis to assemble
alow-costCAVE basedn a clusterof PCsto drive therenderingorocessn the CAVE.

A further stepwill be to integrate the CAVE in a collaboratve ervironment
[OliveiraandGeoganas2007 to allow agroupof researchert accomplishagiventask
collaboratvely, evenif suchusersare geographicallydisperse.By this way, the CAVE
facilitieswill beaugmentedo allow a userto sharehis/herview with aremoteuserusing
aHead-Mountedisplay[Mindflux, 200Jor evena 2D disphy.

The existing grid computirg facilities at the LNCC [LNCC, 2003 will be used
to provide aplatformfor accessingeographically-ditributedcomputatbnalresource$o
achieve suchgoal.

Besides high-performancerocessingunits will be integratedthroughthe Grid
allowing to simulae complex systemdaster The generatediatacould be displayedin
the CAVE andsharedwith useran thesystem.

6. Conclusions

Thevisualization of largedatasetss importantfor scientificandengineeringpplications.



In this paperwe describedistributed visualzation techniquesand collaboratve
visualzationervironmens implenmentedthroughgrid technology

Besideswe shaw a projectbeendevelopedat LNCC which aimsto explore the
LNCC Grid Project[LNCC, 2003], developedby the COMCIDIS ResearcthGroup, for
thedeveloprentof applicationghatsupportcollaboratve visualization.
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