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TheNew Orleansdatasetvisualizedbymeansof particle tracing. Theparticlesourceis locatedat PoydrasStreetWharf, RiverwalkMarketplace. With 735x 125x 50ft it hasabout
thesamesizeas the freighterBright Field, thoughit is rectangular. Particlesare emittedin a singleburst to simulatethe impact,andare thenadvectedwith thewind �eld. Note
that while someparticlesare transportedawayratherquickly, others are captured in vorticesandstayfor a long timein thesameregion (mostprominentin theforeground). This
visualizationwasdoneusing64Ksemi-transparent,depth-sorted,andtexturedsplatsandrunsat 25 fps.Withoutdepthsorting, weachieveapproximately171fps.

1 Intr oduction

Figure1: Screenshotsof the particle engine, showingonly a small fraction of the
plethora of availablesettings.Left: Particle and data setmenu,right: Particle and
DTI menu.

We appliedour particle engineas describedin [Kr üger et al.
2005] to ef�ciently and effectively renderboth of the datasets.
Thisparticleengineis custom-tayloredfor interactivevisualization
of steady3D �o w �elds, suchasthe New Orleanswind �eld. To
achieve high frameratesfor a large amountof particles,features
of recentgraphicsacceleratorsto advect particlesin the graphics
processingunit (GPU) are exploited. Particle positions and
attributes,aswell asthevelocity �eld arekeptin graphicsmemory,
removing theneedto transferany dataacrossthegraphicsbus for
rendering.This allows for therenderingof millions of particlesat
interactive rates.

The usercanchoosefrom a toolbox of visualizationmethods,
suchasplain particles,orientedandtexturedsplats,shadedlines,
streamballs, or streamribbons,andcanaugmentthe result even
further by meansof volume renderingor the display of triangle
meshes.This enablestheuserto mapdifferentrenderingmethods
to different modalitiesof the data at interactive framerates. In
�gure 1 we show screenshotsof the application,demonstrating
the multitudeof renderingmodesavailable. Even more,sincethe
entireapplicationis basedonDirectX' Techniques,it is veryeasily
extendedby new modes.

All timings weredoneon a PentiumIV with 2.4GHzand1GB
of RAM, equippedwith annVidia GeForce6800Ultra.
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2 New Orleans Wind�eld

2.1 Pre-Processing

TheNew Orleansdatasetcamesampledon anunstructuredtetra-
hedralgrid. Theareaaroundthehousesin themiddleareresolved
very �nely , while therestof thedatasetis sampledonly coarsely,
andis presumablyonly thereto provide enoughspaceto avoid re-
�ections at the simulationboundaries.Sincethe particle engine
operateson regular carthesicor rectilineargrids for performance
reasons,wehadto convert thedatato eitheroneof thetwo formats.
Taking a closeinspectionof the distribution of the tetrahedravol-
umesacrossthecity we realizedthata regularcartesicgrid would
be suf�cient, andwould result in slightly betterrenderingperfor-
mance.Consequentlywe resampledthe areaaroundthe city to a
5122x64 dataset, containingfor eachvoxels the 3D momentum
andthe scalarenergy as32bit �oat values.The datasetalsocon-
taineda densityentry, which is 1.0 acrossthe entiredomain. For
resamplingthe datawe rasterized(on CPU) the tetahedrainto the
volume,usingsphericalinterpolationof themomentumvectorsand
linearinterpolationof thescalarenergy entries.For bothquantities
we achieved a scalarPSNRof approximately50dB. The dataset
containssomedegeneratedtetrahedrawhichweremoved,andsome
holeswhichwe�x edby simpleregiongrowing. Thecity meshwas
cutoutof theboundarytrianglesandwasreducedto about26K tri-
anglesusingstandardmeshingoperationsbasedonerrorquadrics.

2.2 Visualization

Figure2: Flow�eld closeto theLouisianaSuperdome. Left: orientedparticlesand
theenergyvolumearecombined,highlightingregionswith highkineticenergyin green
while thosewith high pressure are coloredred(41 fps)Right: theenergy volumewas
replacedby a l 2 volume. Vortex coresare emphasizedusinga simplered-to-green
transferfunction.Thisimage alsodemonstratestheuseof stream-ribbons.(22 fps)

The methodthat gave the best impressionof the datawas to



traceshaped,momentumalignedparticlesthroughthe wind �eld,
and augmentingthem with a volume renderingof the energy
�eld (c.f. 2 left). Throughoutthe visualizationsmadefor this
contest,all primitives requiring advection (lines, particles etc.)
wheretracedusingan embeddedRK32. The energy �eld is in a
signedformat, and most likely containsthe differencebetween
static(i.e. pressure)anddynamic(i.e. kinetic) energy. Applying a
transferfunction that highlights regions of positive energy green
and regions of negative energy in red gives preciseinformation
of endangeredregions in caseof air-bornecontaminants:In red
regions pressureis high, suchthat theseregions tend to saturate
with the contaminant,while green regions tend to have high
contamination�ux. However, our experimentswith the datalead
us to thesuspicionthat someof thegreenregions,namelybehind
larger buildings, are fairly safe,sincethey are comparableto an
eyeof awhirlwind, beingenclosedby vortical �o w.

To understandthevorticesin thepresentdataset,we computed
a l 2 volumesimilar to [StegmaierandErtl 2004],but on theCPU.
Thenamestemsfrom thefactthatisosurfacesof smallandnegative
secondeigenvalue of the real, symmetrictensorW2 + S2 enclose
vortex tubes[JeongandHussain1995]. WandS refer to theanti-
symmetricandsymmetricpartsof the Jacobianof the underlying
velocity �eld. The result are tube-like structuresbehindvarious
buildings that clearly communicatethe turbulent behaviour of the
wind�eld (c.f. 2 right). Again, variousrenderingmodeswhere
combined.

3 DT-MRI Brain

3.1 Pre-Processing

Basically the reconstructionof DT-MRI datasetsis straight for-
ward.DT-MRI datasetsconsistoutof areferencescanandN scans
obtainedundera gradient�eld. As long asall of theN gradientdi-
rectionsandtheB-valueof the �eld areknown, thereconstruction
follows standardliterature[Hasanet al. 2001;Westinet al. 2002].
This dataset,however, wasobtainedusinga Philipsdevice,which
storesvaluableinformationnot in standard,but in proprietaryDI-
COMtags.Consequentlythemostdemandingpartwasto �gure out
thenumberof gradients,thestrengthof the �eld, andtheordering
of slices.Sincewe did not have a Philips-compliantreader, we re-
sortedto thefreelyavailabletool dicom2[Barrén. d.] to extractthe
pixel matrix andtheheaderfrom eachslice. Thoughthesepropri-
etarytagsaredocumented[Philips 2002],they hadto beextracted
by hand. Theorderingof thesliceswasinferredfrom the “Image
Position(Patient)” tag,resultingin 17volumeswith each24slices.
The B-valuecanbe found in the proprietary“Dif fusion B-Value”
tag. Sinceit is 0 for the referenceimage,thoseslicesareeasily
identi�ed. The gradientdirectionsarestoredin a - at leastto our
knowledge- undocumentedway. Retrieving all unknown tagscon-
tainingasingle�oat andinspectingthemyieldedplausiblegradient
directionsin threeconsecutive tagswith numbers0x2005:0x10B0
thru 0x2005:0x10B2.Thereareexactly 16 non-standarddirections
amongall slices(Philipsotherwiseusesicosahedraldirections),one
of which is zero.This partitionsthesetof remainingslicesinto 15
valid gradientvolumesandonezero-gradientvolume. A �rst in-
spectionof the reconstructeddatashows that it is very noisy and
thatsomeinformationseemsto bedestroyedbeyondrecovery. To
reducethe noisewe appliedto eachvolume both a thresholding
basedon the referenceimage,anda 33 median�lter . To segment
theinteriorof thebrain,wealsousedamanualsegmentationof the
referencevolumein orderto remove noiseoutsidethehead.Still,
thelow resolutionof only 24slicesmakesvisualizationof thisdata
seta dif�cult task. We would like to refer to our applicationpaper

[Kondratieva et al. 2005] in this very conferencefor thevisualiza-
tion of high-resolutiondatasets.

3.2 Visualization

Figure3: TheDTI brain dataset. Left: Visualizationusingdiffusionoriented,el-
lipsoidalsplats.Thesplatsaredeformedaccording to theanisotropyof thetensorand
removedin regionswhere thediffusiontensoris ambiguous.(15 fps)Right: A similar
region is visualizedusingstreamtubes.Streamtubesbetterconvey the impressionof
�bers,but lack to showthedynamicbehaviourin animations.(5 fps)For bothimages
thefractionalanisotropy(FA) color modelwaschosen.

We follow the visualizationmodespresentedin the aforemen-
tionedpaper[Kondratieva et al. 2005]. We storein two �oat tex-
turesthesix degreesof freedomof thesymmetricdiffusiontensor,
aswell asa con�dencevalue.Thecon�dencevalueis mainly used
to maskoutnoisyareas.Then,for eachparticleposition,theneigh-
boring diffusion tensorsareinterpolated,andthe particlesaread-
vectedusingeither the �rst eigenvectoror de�ection [Kindlmann
2003]. To emphasizethe anisotropy of the tensor, and to show
the �ber tracts,the usercanselectfreely from differentrendering
primitivessuchasshadedlinesor diffusion-aligned,deformingel-
lipsoidal splats(c.f. 3). The visualizationcanbe augmentedwith
a volumerenderingof the referenceimageto provide addtitional
context. Also, the usercanselectamongdifferentcolor schemes
from standardliterature[Kindlmann 2003], suchasCp;Cl ;Cs, or
FA-based.Thoughthedatasetis far from optimumquality, some
prominentstructuressuchas the superiorlongitudinal fasciculus
(green)canbedistinguished.

4 Additional Material

http://wwwcg.in.tum.de/vis-contest
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KONDRATIEVA , P., KRÜGER, J., AND WESTERMANN, R. 2005. The application
of gpuparticletracingto diffusiontensor�eld visualization.In ProceedingsIEEE
Visualization2005.
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