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Abstract

Scientific visualization has become an essentialtool in helping the researcherto
understandthe vast quantities of data which arise in computational science and
engineeringYet visualizationto datehasbeena solitary occupationwith little support
for group working. This paper describeswork to provide ‘added value’ to IRIS
Explorerin the form of new modulesto facilitate datasharingand explainstheir usein
conjunction with video and audio conferencing tools.

1 Introduction

This paperwill describework carried out as part of the COVISA project, currently being

undertakerat the University of Leeds.COVISA (Co-Operativeworking in Visualizationand

Scientific Analysis) is a study funded by the Engineeringand Physical SciencesResearch
Council, with the aim of understandingequirementgor groupworking in visualization.Key

themesof the work are its emphasison practical experiencethrough casestudiesand the

feeding back of requirements to industry.

Computersupportecco-operativavorking (CSCW)spansmanyactivities.In [1] it is referred

to as‘peopleworking togetheron a product,researcharea,topic or scholarlyendeavouwith

help from computers’. Scientific visualization has to date been largely a splitargss there

is little supportin existingvisualizationsystemdor sharedworking. Therecould be numerous

benefits from group working in visualization, for example:two scientistswith different,
complementary skills could work dhe sameproblem;a largedatasetcanbe sharedamongst

a numberof researchersyr a lecturercould usea visualizationsystemto demonstratesome

feature to a class of students, perhaps allowing them individual, controlled access to a data set.

PagendarnandWalter[2] andGerald-YamasaWli3] haveapproachedhe problemin the field

of ComputationalFluid Dynamics,providing the capability for severalworkersto view the

resultsof a simulation.Pagendarnand Walter havebroadenedhis scenariato allow multiple

simulations and have also studied the case of synchroniseddual control, where each
investigatorin turn can steerthe visualization.However,in our view thesetwo modesof

working representwo extremesof collaboration.Although it undoubtedlyis usefulto see
what a colleaguecan see, or to witnessa co-worker'smanipulationof the visualization
processthereare occasionsvhenonly certainelementsof dataor control areto be passed
amongstthe group. For example,two workers might share intermediatedata, employ
subsequent different visualization idioms and then compare results visually.

Other work in this area by Wierse, Lang and Riu#ijénfs resultedh a completecollaborative
visualizationsystembuilt from scratchthoughwith the largeinvestmenin usertime required
to learn a particular visualization packagewe feel that there are advantagesn extending
commerciallyavailableproductsto include collaborativeelementsThis of courseis balanced
by the morelimited CSCWfacilities which we canimpartcomparedvith writing a whole new
system.

Taking our two aimstogether,the approachwe describein the presentpaperhastherefore
beento provideatoolkit for IRIS Explorer[5], suchthatdifferentaspectof the visualization
process can be shared (or not) at will, within an existing system.



2 Anillustration

As anillustration of the tools we might need,let us take the scenarioof two peoplewith
different skills working in collaboration.The first one, who we will call the scientist is
attemptingto visualizea dataset of temperatureof airflow over an aircraft wing. He hasa
generalknowledgeof visualizationtechniquesand is looking at isosurfacesbut is using a
graphicspackagewith which he is unfamiliar. The other,who we will call the visualization
expert is a computerscientist,maybeworking in a supportrole, who is familiar with the
program being used. She first becameinvolved when she set up the visualizationfor the
scientist,using datawhich he emailedto her. Not long afterwardsthe scientistcontactsthe
visualization expert over a videophone to explain that he has a problem.

The scientist,insteadof gettinga smoothisosurfaceas he had expectedgot a strangeshape
stretchingat right anglesto the wing. The visualization expert attemptsto re-createthe

problem— shestill hasa copy of his dataso sheloadsit into the visualizationprogramand
startsboth a local anda remotedisplaydevice,so that they canlook at the sameoutput. The

isosurfacelooks normal - not at all what the scientistsaw. Using a pointer device which

displayson both outputs,he triesto describewherethe sheetcamefrom. The expertdoesn’t
understandaind shakesher head!Seeingthis on the videophonethe scientistabandonghat
approachandsketchesvhathe sawon a sharedvhiteboard.The expertbeginsto realisewhat
might be the difficulty: thatthis effectis just dueto a particularthresholdvalue generatingan

open,ratherthanclosed,surface.Shesuggestshat he investigatethe isosurfacesaroundthat
value while they are in contact,but unfortunatelyhe doesn’thave a copy of the program
running. To avoid unnecessarygelay he opensa link and sendshis valuesof the threshold
parameteto her copy. He hassomedifficulty reproducingthe effect but by initiating a two-

way connection they alter the values collaboratively.

After seeinga seriesof isosurfaceghe scientistrealisesthat an animationor movie of a
sequencavould be helpful to his understandingf the physicsinvolved. The expertplaysback
just sucha movie developedfor a different client, sendingthe sequenceof imagesto the
scientist'sworkstation.Althoughiit is for a different problem, he is sufficiently convincedto
commission a movie of his own.

3 Toolkit approach

The scenariodescribedaboveis a hypotheticalone, but it servesto crystallisesomeof the
issues surrounding group working in general and visualization in particular.

Our first assertionis that it showsit is worthwhile: had the scientistand expert simply
correspondedr telephonedthe problemwould havebeensolvedlessefficiently. Interaction,
both verbal and visual, contributedsignificantly to the assimilationof the situation. More
importantly, the interactionprecipitateda totally new ideafor the scientist:that of makinga
movie of isosurfaces.

Giventhatit is worthwhile, the nextissueis: How feasibleis it to providethe necessaryools?
Some will be familiar already - email is ubiquitous and the videophoneis an obvious
developmenbf the telephone- but how canwe supportcollaborationto explorea dataset
visually?



We haveapproachedhis challengeby consideringthe natureof the databeingsharedandthe
different levels of interactionthis imparts.Our practical studieshave centredon application
builder visualizationsystems,in particular IRIS Explorer, sincethe architectureof theseis
open, giving us accessto the data which is flowing. IRIS Explorer already has a
comprehensivalata model and processmanagementacilities, so by developingnew IRIS
Explorermoduleswhich sharedataitemsacrossmachineswe havelaid the foundationsof a
toolkit for groupwaorking in visualization.Our goal throughouthasbeento build on whatis
already provided in order to create a combined tool of general utility.

The following sections explain the visualization system in rdetail, describethe tools which
we have developed so far and indicate how we shall extend the toolkit subsequently.

3.1 IRISExplorer

IRIS Exploreris a visualizationtool from the ‘applicationbuilder’ family, originally produced
by Silicon Graphicsinc. (SGI) and now distributedby NAG Ltd. An application builder
follows the dataflow paradigmand providesthe userwith a set of modulesto carry out
constituentoperationsof the visualization pipeline [6] [7]. The user connectsmodules
togetherto makea map,the connectiondetweenmodulesforming the path along which the
datawill flow. Data entersthe map on the left, graduallybeing alteredas it flows through,
emerging on the right in either a 2D (image) or 3D (object) form for viewing.
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Figure 1 IRIS Explorer Map Editor

Map building is carried out by meansof a visual programmingtool called the Map Editor
(Figure 1), with individual modulesrepresentedgraphically as glyphs. Each module has
widgets which allow the user getparametergoverningits operatione.g.lsoSurfaceLahas
a dial widget to setthe thresholdvalue for the surface.lf a requiredoperationcannotbe
accomplishedby a standardmodule,the usercanimplementtheir own algorithm as a new
module to add to the system.



3.2 Display sharing

Modulesare availableto view the processedlatalocally; Displaylmgfor imagesand Render
for objects.Thereis no standardmoduleto allow the sharingof images,but this is achieved
using new tools describedn 3.3. Remoteviewing of objectshoweveris possibleusing the
standardRenderRemotenodulewhich opensa renderwindow on a specifiedremotedisplay.
IRIS Explorer's Geometrydatatypeis passeddescribingthe objectsin the scenewhich are
renderedand displayedby the remote machine.The remoteuseris free to manipulatethe
object in the render window independently of the local user.

This means two or more people see the end resutte sisualizationprocessandcandiscuss
themby meansof othertools. A problemarises,however,whenusersare free to manipulate
their views independently, since this can lead to collabortikiag aboutdifferentobjectsor
featuresn the scene A user’sview of the scenein Renderor RenderRemoteés controlledby
the positionof a camerawhichin turn is passedut of Renderasthe Geometrydatatype so
one way round this problem is to passneradetweerthetwo renderersA secondapproach
is the useof a sharedpointer. The renderwindows acceptinput from the mouseand return
detailsaboutthe point on an objectthat wasselectedThis is fed to a new upstreammodule,
Pointer, which generates an arrow shaped object and places it at the selected point in all render
windows. This ensuresthat users are talking about the same object or feature. Al
collaborators are free to move the position of the pointer.

Further interaction between the user and the object in the renderepltdaasithin the scene
graph which is controlled by Open Invent8}.[ Consequently, changes to material properties,
lights, objecttransformsand so on remaininternalto Renderand are not propagatedo the
IRIS Explorerinterfacein the form of the Geometrydatatype.This makesfull collaborative
control of the renderemnsuitedto the datasharingtools we currently haveavailable. We are
consideringa moreintegratedmethodfor synchronisingviews which will extendthe existing
Rendermoduleto sharechangesdirectly with other copiesof itself. Alterationsto object
parametersaindviewswill bedistributed eitherby a centralserveror a numberof distributed
serversin concertand userswill be ableto decouplethe sharedcontrolsto allow periodsof
free investigation.

3.3 Control and data sharing

Thetoolsdescribedn 3.2 give usa meango sharethe endresultof the visualizationprocess
betweencollaborators put not the control of the visualizationprocessitself. Sincein IRIS
Explorerthe individual modulesare controlledby widgetswhich in turn deliver scalarvalues,
the issue of collaborative control merges with the general issue of data sharing.

In IRIS Explorer a processcalled the Global Controller (GC) is responsiblefor managing
connectiondetweenmoduleswithin a single Map Editor; however,connectiongo modules
from a secondMap Editor are beyond its scope. One method of allowing inter-map
connectionswould be for a sharer module to require a specific port number so that
connectiongould be madeto a known location. The disadvantagef this is thatonly a single
copy of the modulecould be run, asthe specificport would thenbe in use.Also therewould
be no control overwhich, of possiblymany,remoteconnectionsould be made.Our solution
to theseproblemshas beento write a module, called PortServer,to handle connections
between modules iseparatévlap Editors. This meanghatonly a singlereservedort number
is requiredso that modulesknow whereto connectinitially. Only one PortServeiis required
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betweencollaborators the machinecontainingit is definedto be the ‘local’ machineand all
others connecting to it to be ‘remote’ machines. All machines have an envirorariebteset
to point to the ‘local’ machine.

The PortServeraccepts connectionsfrom ‘remote’ modules and extracts an address,
consistingof port numberand machinename,and a descriptionof intendeduse;the remote
modulesthen wait to be connectedA ‘local’ versionof the samemodule connectsto the
PortServerand copiesthe entire list of remoteconnectionswvhich it presentso the ‘local
user. Oneonnectionis thenselectedrom thelist by the‘local’ userandthis choiceis deleted
from the list held by the PortServer. Tlazal' moduleusesthe addresgo connectdirectly to
the chosenremote’ moduleby meansof a UNIX socket[9], so the pair are now no longer
concerned with the PortServé&igure 2shows a step by step illustration of the process.

We have explored two ways of sharing IRIS Explorer’s datatypes: the firstoplasexplicit

knowledgeof the internal structureof the data whilst the secondusesthe automatically
generatednterfaceroutinesfor readingandwriting types. We addresseaurselvesn the first

caseto the Parameteand Lattice datatypessincethesearewidely usedin IRIS Explorerand
representthe minimum requirementfor sharingdata and control. They are also the two

simplesttypes— essentiain the first methodsincewe haveto unpackand repackthe type
within the module code:

» ShareParam Pairs of thesemodules,once connectedby meansof the PortServeras
describedabove,send RIS Explorer's Parametemdatatypebetweenthem via a UNIX
socket.This enablesvidgetson modulecontrol panelsin separatanapsto be connected
togethergiving both userscontrol over visualizationparameterssuch as the threshold
value for an isosurface.

» ShareLat A pairof thesemodulesareableto sendanyvariantof IRIS Explorer’'sLattice
datatype betweenthem, and hence betweenseparatemaps. The Lattice is the most
commonlyuseddatatypeandencodesliataof manyforms. For exampleanimageis stored
as a 2D lattice, hence a movie sequence can be shared using this module.

Both of thesemodulesallow bi-directionaldatapassingbut whenconnectedn this way steps
aretakento preventinfinite cycling of data. This methodof sharingdatais idealin the early
stagesof toolkit developmensinceall the elementsof the type can be trackedas they are
transferred. The drawbacksarein the time takento developthe codeandsensitivityto future
changes in the internal structure of the type.

To addressthese problems we have also investigatedthe use of IRIS Explorer’s api
(applicationprogrammelinterface)routinesto readand write eachtype transparently. This
methodis independenboth of the complexity of a datatypeand of future changest might
undergo,since the api always keepspace with updatesto a type. It also allows ‘Share’
modules for user-addeddatatypesto be easily constructedsince the api routines are
automaticallygeneratedvhenthe newtypeis built. Theseapi routinesare normally usedin
conjunctionwith disk files and sometechnicalproblemsremainto be resolvedwhenthey are
appliedto socketconnections. However,the methodshowspromiseand modulesto allow
uni-directional sharing of the three remaining datatypes were quickly developed in this way:
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» SharePyrSharePickShareGeom Allow sharingof IRIS Explorer’s Pyramid,Pick and
Geometrydatatypegespectively. The Pyramid datatypeis often usedfor Finite Element
dataandfor chemistrydata.Pick is usedto feedbackinformationaboutselectegoointsin
therendererThe Geometrydatatypes usedto describethe objectsviewedin Renderand
to pass camera positions between renderers.

Although instancesof the samesharermodule are run on both the ‘local’ and ‘remote’
machinesthey autoconfiguretheir control panels(Figure 2) to acceptinformationrelevantto
their methodof connectiorto the PortServerThusthe ‘remote’ modulerequiresa text string
to distinguishit from other ‘remote’ connectionsand hencehasa text type-in widget, while
the‘local’ versiondisplaysa scrolling list widgetwhich displaysall of the remoteconnections
from which the local user makesa selection.If the environmentvariable containing the
machinenameof the ‘local’ machineis missing,the modulesopena text slot andrequesthe
user to supply it.

3.4 Conferencingtools

To complementhe collaborationsystemcertainconferencingools are required.To datewe
have used

* Videoconferencing We are usinga compositetool comprisingaudio connectionvia the
INRIA IVS Videoconferencing System and video connectiaman ‘in house’tool written
as part of the Virtual Science Park projeid]|

* A shared whiteboard is provided by WSCRAWL.

All of these tools run over Ethernet and our trial ATM network.

4 A test case

To testthetoolsin practicean experimentvassetup betweenwo scientistsat the University

of Leeds.One scientistworks in the field of fuel engineeringand makesonly limited use of

visualizationas a tool; the otherworks in the Schoolof ComputerStudieson a projectto

producescientific simulationsoftware.The simulationscientistalso hasgood knowledgeof

IRIS Exploreras a visualizationsystem.Normally thesescientistswould havea meetingto

visualizeanddiscusghe resultsfrom the simulator,with the fuel engineerusingher expertise
to check the validity of the output. The experiment required both scientists in giay own

offices and connect together by means of the videophone, using thevédwsedescribedo

evaluatetheir results. Eachwasshadowedy a memberof the COVISA teamwho observed
and assisted when necessary.

Our first observationof this experimentis the importanceof establishinginitial video and
audiolinks transparently. On this occasiontherewas a difficulty in settingup a connection
which led at first to scepticismon the part of the users,however,oncethis wasresolvedthe
potentialfor this way of working wasaccepted. Somepromptingwasalsorequiredto select
the besttool for a particularjob, for exampleto useShareLato senda completecolour map
ratherthan attemptingto sharethe many parameter®n the GenerateColormamodule.The
Pointer module provedsefulin identifying objectfeatureso the otherparticipantthoughthe
otherlimitations alreadynotedin sharingobjectdisplayswere observed. Undoubtedlya fully
sharableRender module such as we envisagein 3.2 would be of value. Nonetheless,
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collaborationwasachievedwithout the participantshavingto meetandsomeof the criticisms
of the tools will diminish as familiarity with them grows.

Perhaps the most serious deficiency netadan inability to build mapscollaboratively. Thus
the simulationscientisthadto build the samemap asthat beingusedby the fuel engineerby
meansof directionsgiven over the videophone. Similarly, when one participantmade an
alterationto their map, preciseinstructionshad to be passedto the other to recreatethe
change.This requireda lot more effort to be put into visualizing the results than would
normally be the case— somethingwhich was rightly perceivedas a backwardstep by the
participants.

5 Conclusions and further work

This paperhas describedhow an existing visualizationsystemcan be extendedto support

group working. In particular we have shown how our extensionscan supporta form of
collaboration in which a visualization expert advises a scientist. This is only one possible use of
collaborative visualization - i.e. the support role.

Thetoolsdescribecherework well betweentwo peopleandextendeasilyto greatemumbers,
but the systemworks at a very informal level. If the tools areto be usedaspart of a formal
collaborationsystemthen someform of ‘conferencemanagementtool will be needed.This
would allow participantsto join and leave the session,set the control policies and set
participants’ permissionswithin a session.It would give collaboratorsthe facilities to
temporarilywork alonewhile still beingin touchwith the collaborationand thenrejoin at a
later time and integratethe resultsof their individual work. It shouldalso allow private and
public sectionsof a map so that collaboratorswith different skill basescan view different
results.

Our casestudy revealeda needfor robust, easy-to-usdools, and also for a sharedmap-
building facility. We are currentlyassessinghe feasibility of the latter for IRIS Explorerand
intend to investigate other systemkich mightallow this, suchasKhoros2.0We will look at
tools that extendfrom the simpler caseof visualizing a data set, to wider problem solving
environmentwherethe group canalsocontrol the simulation.To showthat thesetools have
‘real world’ value,we will be testingthemin further casestudies.Furthermorejn orderto
understandhe complexitiesof group working it is helpful to try to determinea theoretical
modelfor the processesaking place.This will leadto the developmenbf a referencemodel
for collaborativevisualizationin which the different stylesof collaborationcanbe positioned-
a so-called ‘sliding scale of collaboration’.

Visualization is already a major factor in scientific productivity, particularly in the
technologically intensive industries. To date, it has been a taslsiimglaperson.This project
will work towardsrealisingthe potentialfor group working in scientific visualization- the
benefitsbeing greaterspeedof analysis,simply throughmore humanprocessingoower, and
more effective analysisthroughexploiting a group with a rangeof expertiselndeed,thereis
the potentialfor major scientific breakthroughsvhich would not be possiblethrough single
person working
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