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ABSTRACT

In this paper, we describean immersive prototypeapplication,At-
mosV, developedto interactively visualizethelargemultivariateat-
mosphericdatasetprovidedby theIEEEVisualization2004Contest
committee.Thevisualizationapproachis acombinationof volume
and polygonalrendering. The immersive applicationwas devel-
opedandevaluatedonbotha shared-memoryparallelmachineand
a commoditycluster. Using the clusterwe wereableto visualize
multiplevariablesat interactive framerates.

CR Categories: I.3.7 [ComputerGraphics]: Three-Dimesional
Graphicsand Realism—Animation;I.3.7 [ComputerGraphics]:
Three-DimesionalGraphicsandRealism—Virtual Reality
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1 APPROACH

We developedAtmosV expresslyfor the hurricaneIsabelsimula-
tion datasetprovidedby the NationalCenterfor AtmosphericRe-
search. AtmosV was derived from the Immersive Drilling Plan-
ner, a visualizationand planningtool for oil and gas wells, also
developedat the BP Centerfor Visualization. The development
teamconsistedof Kenny Gruchallaand JonathanMarbach,both
Ph.D.studentsin computerscienceat the University of Colorado.
A demonstrationvideo,screenshots,andamorein-depthdiscussion
of thiswork canbefoundathttp://www.jonmarbach.com/isabel.

We took an immersive visualizationapproachto the problem.
This approachphysically immersesusersin a virtual world, where
they can explore multiple variables of the datasetby looking
throughthem, walking aroundthem, and viewing them from an
egocentricperspective. The demonstrationvideo shows AtmosV
in a FakespaceFlexTM , a con�gurable large-screenprojection-
basedimmersive virtual environment(IVE). TheFlex hasfour dis-
play screensthat were driven by a commodity PC cluster with
four nodes,eachequippedwith a Nvidia QuadroFX3000Ggraph-
ics card. A three-dimensionaleffect was createdinside the IVE
throughactive stereoprojection. Thedatawasinteractedwith us-
ing a wired InterSensewand,a three-dimensional,six-degrees-of-
freedompointingdevice with four buttonsandsmall joystick. An
InterSenseVET 900 trackingsystemtracked the positionandori-
entationof theusersheadandthewand.Trackingthepositionand
orientationof the user's headallowed the userto move aroundin
thevirtual world andseethatworld from differentperspectives.

Weemployedacombinationof volumeandpolygonalrendering
to allow usersto exploremultiple variablessimultaneously. In our
demonstration,total cloud moisture,total precipitation,andpres-
surearevolumetricallyrendered.Wind is visualizedthroughanin-
teractivevector-�eld plane.Two typesof interactiveprobesprovide
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informationon scalarvalues. The systemwaswritten in C++ us-
ing OpenInventorandtheVolumeViz OpenInventorextensionfrom
Mercury Systems.To achieve interactive volumerenderingframe
rates,thevolumedatawasdownsampledto thenearestpower of 2
dimension,256x256x64,usinga box-�lter method. The �oating-
point scalarvolumeswereconvertedto bytevolumesat runtime.

Figure 1: A user interacting with the immersive visualization. The
photo shows volume-rendered total cloud data, a vector-�eld plane
representing a slice through the wind data, and a text probe that
displays total cloud, total precipitation, pressure,and temperature at
a point in the data space. The data is visualized inside an immersive
virtual environment, allowing the user to physically explore the data.

1.1 Interaction and Exploration

As an immersive application,AtmosV providestheuserstheabil-
ity to physically navigateandexplorethedataspace.Two typesof
navigationareprovided: physicalnavigationandpointing. Physi-
calnavigationmapsauser'sphysicalmovements,suchaswalking,
into correspondingmotionsin thevirtual world. Thepointingtech-
niqueallows usersto reachareasof the dataspaceoutsideof the
physical boundsof the IVE. Pressingforward on the wand's joy-
stick will “drive” the user in the direction the wand is pointing.
Pressingbackwardson on the wand's joystick will move the user
in theoppositedirection. Pressingright or left on thejoystick will
rotatethescenearoundtheuser. The joystick is pressuresensitive
andtheamountof pressureexertedonit mapsto thespeedof travel.

In additionto the immersive navigation features,AtmosV pro-
vides threeinteractive three-dimensionalwidgets: a text probe,a
vector-�eld plane, and a column probe. The text probe widget
providesan interactive three-dimensionaltext readoutof multiple
scalarvariables. The probe is manipulatedby dragginga small
sphereto an areaof interest.As the sphereis moved,a text read-
out is updated. The text reportsall scalarvaluesavailableat the
centerof the sphere. In our demonstration,total cloud moisture,
total precipitation,atmosphericpressure,andtemperaturearepro-
vided in the text readout;however, theprobecanbecon�gured to
interrogateany of thescalardatavariables.

Thecolumnprobeprovidesa meansto interrogatea columnof



a scalardataset.This is achievedby presentingscalarvalueson a
cylindrical surfacethrougha texture look up. Thecolumnscanbe
interactivelymoved,allowinguserstoexplorethedataspace.In our
demonstration,the column probesdisplay temperature;however,
any of thescalardatavariablescanbeinterrogatedusingthisprobe.

Thevector-�eld planeprovidesa mechanismto visualizetheIs-
abelwind vectordata.Thewind vectorsarerenderedaslines. The
lengthandcolorof eachline is basedonthemagnitudeof its corre-
spondingvector. Usersmaymove theplaneto interactively choose
which sliceof thevector-�eld is displayed.Theuseraccomplishes
thisby selectinganddraggingthevirtual planewith thewand.

AtmosV alsoprovidesanimmersive transferfunctioneditor, al-
lowing theusertoexplorethevolumetricspace.Eachchannelof the
colormapis displayedseparatelyon a rectangularpanel,allowing
theuserto edit thered,green,blue,andalphacomponentsindivid-
ually. As theuser“paints” acurveontoany of thecolor-component
panels,theopacitypaneldisplaysthecompositeRBGA color.

All the featuresof AtmosV can be accessedthrougha three-
dimensionaltoolbar. Throughthis toolbara usercan control the
currenttime step,startandstopananimationloop,switchbetween
volumetric datasets,toggle the wind vector �eld, introducetext
probes,introducecolumnprobes,andaccesstheimmersivetransfer
functioneditor. Short-cutbuttonson thewandarealsoprovidedto
startandstopanimationandto stepforwardthroughtime.

1.2 Multi varite Visualization

Throughacombinationof bothpolygonalandvolumerenderingwe
areableto show multiplevariablessimultaneously. Oursystemwill
only volumerenderonescalardatasetata time;however, usingour
three-dimensionalwidget-set,scalarandvectorvaluesatvariousar-
easof interestcanbevisualizedconcurrentlywith theselectedvol-
umedata.For example,bothFigure1 andFigure2 depictvisualiza-
tionsof multiple characteristics.In Figure1, theuserhasselected
thevolumetricvisualizationof thetotalclouddatathroughthetool-
bar. In conjunctionwith the cloud volume, the userhasplaceda
text probenearthe stormcloudsin the upperatmosphereandhas
draggedthewind vector-�eld planeinto the lower atmosphere.In
Figure2, the userhasselectedthe volumetricvisualizationof the
pressuredata,andeditedthe transferfunction to highlight anarea
of low pressure.In conjunctionwith thepressuredata,theusershas
draggedthreecolumnprobes(representingtemperature)anda text
probeinto thescene.

Figure 2: Visualization of multiple characteristics. The photo shows
volume-renderedpressuredata. The transfer function hasbeenedited
to highlight an area of low pressure. The user is shown interacting
with one of the column probes that depicts a temperature column
within the atmosphere.

2 DI SCUSSI ON

We evaluatedthesystemon both thecommodityclusteranda 20-
processorSGIOnyx 3800with four In�niteReality3 graphicspipes.
TheOnyx hasa64-bitsharedmemoryarchitecturethatprovidedus
with 20gigabytesmemory. Theoretically, theentiredown-sampled
Isabeldatasetcouldbestoredin RAM on this machine.However,
the Onyx wasnot ableto renderthe volumetricdataat interactive
framerates.

As our video demonstrates,AtmosV is capableof visualizing
multiple variablesat interactive frameratesusingthe 32-bit clus-
ter. However, theclusterhasits own limitations,primarily memory.
Eachnodeof theclusterhasonly onegigabyteof memory, restrict-
ing our applicationto a sub-setof the datafor any oneexecution.
For example,this limited usto lessthantwelve time stepsof cloud
moisture,precipitation,pressure,temperature,andwind data.The
�oating-point wind triplet wasthe limiting factor: without loading
the wind data,thereweresuf�cient resourcesto visualizea com-
pleteforty-eight time stepsof four scalarvolumeswith our appli-
cationon the cluster. Clearly therearetradeoffs betweenthe two
systems.Sinceinteractionwasa driving goal of the contest,the
clusterwaschosenfor thedemonstrationvideo.

Figure 3: Screenshotof precipitation (volume rendered), wind vec-
tors, text probes, and column probes.


