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Abstract
Cell-basedfirst-hit ray casting, a new techniquefor fast perspectivevolumevisualization,is presentedin this
paper. Thistechnique, basedon thewell knownraycastingalgorithm,performsiso-surfacingandsupportsinter-
activethresholdadjustment.It is acceleratedby thereductionof average ray pathlengthsto only a few stepsper
pixel.Thevolumeis dividedinto cubicsubvolumes.Each subvolumethat is intersectedbyan iso-surfaceis pro-
jectedto theimageplane. A local raycastingstepwithin thesubvolumeis performedfor each pixelcoveredbythe
projection.Cell-basedfirst-hit ray castingis perfectlysuitedwhenever fastperspectiveiso-surfacingis required.
This paperdescribesthe basicalgorithm,presentspossibleoptimizationsand evaluatesthe performanceof the
algorithmfor onespecificapplication,thepost-implantationassessmentof endovascularstentplacement.It will
beshownthat thealgorithm,thoughexecutedon a singleprocessormachinewithoutanyhardware acceleration,
performswell for view pointsinsideaswell asoutsidethestentedbloodvesselandoutperformsan optimized,yet
more conventionalray castingtechniquesignificantly.

1. Introduction and Related Work

Stentimplantationis apowerful instrumentfor thetreatment
of heartfunctiondeficiencies.A stentis asmalltubularpros-
thesisthatis insertedinto anarteryvia anendo-vascularpro-
cedureandused,for instance,to enlarge a stenosis,a local
narrowing of the arterial lumen.In the pastyears,the task
of efficiently visualizingan insertedstentwithin the blood
vesselfor exact assessmentof the quality of insertionbe-
camea new field of applicationof three-dimensionalmed-
ical computervisualization.This taskincludestheneedfor
interactive virtual angioscopy (virtual endoscopy 18 inside
blood vessels)combinedwith the visualizationof the stent
(seefigure 1) aswell asfastvisualizationwith view points
outsidethevesseltoassessthepositionof thestentrelativeto
certainlandmarksof thebody(e.g.,heart,lung,bones,etc.).
Two exampleimagesfor this secondsubtaskaredisplayed
in figure 2.

A feasiblewayof providing theprerequisitesfor cleanvi-
sualizationsin thevirtual endoscopy applicationis to define
two iso-surfacesby statingtwo thresholds,onerepresenting
the stentboundariesandonerepresentingthe vesselwalls.
During virtual angioscopy investigations,the densityvalue
at the view point inside a blood-filled vesselis, due to an
injectedcontrastagent,usually on a higher level than the

surroundingsof thevesselandlower thanthedensityof the
metalstent.Therefore,bothiso-surfacescanberendered.

Figure 1: virtual angioscopy(a virtual flight through a
stentedbloodvessel
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Figure 2: Left: stentandbones,right: stentandinnerorgans

For views from outsidethevessel,whenthedensityvalue
at theview point is below thedensitylevel of thevisualized
environment,only onethresholdis needed,whichvisualizes
the stentand/orthe environment.It is importantto provide
meansof interactive thresholdadjustmentto allow theuser
to selectthevisualizedenvironmentonthefly. Only thencan
theuserobtaina reasonableunderstandingof thesurround-
ingsof theimplantedstent.

A decisionhasthusto bemadebetweeniso-surfacingvia
direct volume rendering(DVR) and a methodwhich does
dynamicsurfacefitting (SF),executinga surfaceextraction
procedureduring eachframe and renderingthe resulting
meshusingpolygonrenderinghardware.

Many DVR techniqueshave beenproposed12. As image
fidelity andperspective areof paramountimportancein the
applicationdescribedabove, themostsuitableDVR method
seemsto be the volumeray castingalgorithm8. This tech-
niquewhich caneasilybeadaptedto visualizeiso-surfaces
(first-hit ray casting), suffers from the problemthat it can-
not achieve interactive framerateswithout multi-processor
hardware.Thereforemuchwork hasbeendoneto accelerate
the techniqueto allow for moreinteractive rendering.Most
of theproposedoptimizationsrely ononeor moreof thefol-
lowing principles:

fast empty space traversal Raysoftenhave to travel many
stepsthrough the volume until they either hit an iso-
surfaceor exit thevolume.Thiscantakeasignificantpor-
tion of renderingtime. Therefore,sometechniqueshave
beendeveloped,thataimatacceleratingtraversalthrough
emptyregions.ProminentexamplesareSpaceLeaping3� 4

andtheLipschitz method20.

data reduction Portions of the datasetthat do not con-
tribute to the final imageareidentifiedandremoved be-
fore the startof the renderingprocess.So the rendering
processcanbe speededup, becauseraysdo not have to
travel throughnon-interestingregionsof thedataset10� 19.

improvement of caching behavior Data sets for volume
visualizationare often large, for instance,between200
and1000slicesof 5122 voxels.In thetraditionalraycast-
ing algorithm,raystravel, oneby one,throughthewhole
dataset.Therefore,cachecoherency is hard to maintain.
By maximally utilizing cacheddatabeforethey are re-
placed,thrashingcanbeminimized7 � 15.

Other principlesof accelerationof ray castinglike, for
instance,simulation of perspective projection 2, usageof
frame-to-framecoherency 17 or pixel-spacecoherency 9,
usuallyoffer only reducedoutputimagequality.

During the past few years, some surface fitting tech-
niquesthat executea surface extraction procedureduring
eachframehave beenintroduced.They useelaboratevisi-
bility determinationalgorithmswhich detectthosecells in-
side the datavolumeat which surfaceextractionhasto be
performed.Sincethenumberof thosecells is usuallyquite
smallcomparedto thesizeof thewholevolume,surfaceex-
traction is not prohibitively expensive 5� 6. However, those
methodseitherdonotyetperformconvincingly well or pro-
vide functionality that is limited in one way or the other.
Thefasttechniqueproposedby Hietalaetal. 6, for example,
doesnotallow for interactive thresholdadjustment.Further-
more,thesetechniquesrely on dedicatedaccelerationhard-
ware.Thus,first-hit raycastingseemsto bemoreapplicable
for thepurposesdescribedabove.
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Cell-basedfirst-hit ray casting,a new optimizedray cast-
ing techniquewhich is introducedin section2 combinesfast
empty spacetraversal,datareductionand improvementof
cachingbehavior to maximizerenderingperformancewhile
keepingrenderingquality ata high level.

2. Cell-Based First-Hit Ray Casting

Cell-basedfirst-hit ray castingis a new and fast ray cast-
ing algorithmwhich is usablefor interactive visualization,
for example,for the post-implantationassessmentof stent
placement.This sectiongivesa detaileddescriptionof the
algorithmandcoverssomepossibleoptimizations.

2.1. Algorithm Overview

Cell-basedfirst-hit ray castingperformsiso-surfacing.The
datavolume is divided into cubic sub volumes,so called
macro-cells. Eachmacro-cellconsistsof n3 cells, wheren
is usuallya numberbetweenfour andten.Eachmacro-cell
containingapartof oneof theiso-surfacesis projectedto the
imageplane.A rasterizationalgorithmdetectsall pixelsthat
arecoveredby theprojection.Fromeachof thosepixelsthat
have not yet beenassigneda color, a ray is castthroughthe
macro-cell.Samplingstartsat thepoint wheretheray inter-
sectstheclosestfaceof themacro-cellandstops,whenthe
ray eitherhits aniso-surfaceor leavesthemacro-cell.If the
ray hits a boundarycell, i.e.,a cell thatcontainsdatavalues
above aswell asbelow oneof the specifiedthresholds,an
intersectionalgorithmis appliedto see,if andat which po-
sition theray intersectsthecorrespondingiso-surface.If the
iso-surfaceis hit, thegradientvectorat theintersectionpoint
is calculatedusing trilinear interpolation.A color value is
thencalculatedfrom thegradientandassignedto thecorre-
spondingpixel.

2.2. The Data Structure

In order to quickly find thosemacro-cellswhich containa
partof at leastoneof the iso-surfaces,a min-maxoctreeis
used21. A leaf nodeof the octreerepresentsa macro-cell.
For eachnodeof a min-max octreethe minimum and the
maximumdatavalueof the sub-spacethat it representsare
stored.Traversalstartsat theroot of theoctree.Only if one
of thethresholdsis betweentheminimumandthemaximum
valueof the currentnode,the 8 child nodesareprocessed.
As soonasa leaf nodeis reachedthat passesthe min-max
check,the correspondingmacro-cellis projectedand local
raysarecastfrom thecoveredpixels.

Rays are cut into segmentsby macro-cell boundaries.
During onelocal ray castingsteponly onesegmentof a ray
is processed.Sincethefirst intersectionof a raywith aniso-
surface,thatis found,determinesthefinal colorof thepixel,
it is of utmostimportancethat ray segmentsareprocessed
in thecorrectviewing order. Becauseperspective projection

is used,eachpixel is associatedwith a uniqueray direction.
However, sinceall raysthat intersectany two subvolumes,
intersectthem in the sameorder, the direction vector of a
representative ray which intersectsall sub volumescanbe
usedto quickly establishacorrectorderof child nodetraver-
sal.

2.3. Local Rays

A local ray is castfor eachpixel that is coveredby thepro-
jectionof thecurrentlyprocessedmacro-cell.Voxel traversal
insidethemacro-cellis startedby calculatingtheentrypoint
of therayinto themacro-cell.Then,accordingto themethod
presentedby AmanatidesandWoo 1, all cells thatareinter-
sectedby theray insidethemacro-cellaredetected.For each
of thosecellsit hasto bedetermined,whetherit is a bound-
ary cell. If this is thecase,a ray-surfaceintersectiontestis
executed.

2.4. Ray-Surface Intersection

Therearesometechniquesfor performingray-surfaceinter-
sections,thatdiffer in qualityand,especially, in complexity.
A veryaccurateapproachwasintroducedby Lin etal. 11 and
by Parker et al. 16. This intersectionalgorithminvertstrilin-
earinterpolation.It finds,for agivendensityvalue,all points
of a given ray thatareassignedthis densityvalueby trilin-
ear interpolation.If oneor moreof thosepointsare inside
theinvestigatedcell, thefirst of themalongtheray is thein-
tersectionpoint.This techniqueperformsexactintersection,
but is computationallyveryexpensive.

A fasteralgorithmwhichalsoyieldsgoodresultsworksas
follows:Thecompletepaththataraytakesthroughasurface
cell is dividedinto two partsof equallength.Thedensityval-
uesat theendpointsof eachpartof thepatharecalculated.
They indicate,whetherany of theiso-surfacesis intersected
by the correspondingpart of the ray, or not. If an intersec-
tion exists, an approximationof the intersectionpoint can
befoundby linear interpolation,thena color valueis com-
putedandassignedto thepixel.Otherwise,voxel traversalis
continued.

A result imagefor eachof the two techniques(exact in-
tersectionandfastintersection)is displayedin figure3. The
rightmostimagein thisfigureis adifferencemapdisplaying,
atwhichpixelstherearesignificantdifferences.It showsthat
therearesomedifferences,but they arenotvisible in thevi-
sualizationresults.Thus,it is a gooddecisionto tradeun-
neededaccuracy for speedandperformfastintersections.

2.5. Reduction of the Number of Local Rays

Castingawholerayfrom theeyepointuntil it eitherexits the
volumeor intersectsan iso-surfaceis in generalfasterthan
castingmany of its segmentsas local rays, sincefor each
local raya ratherexpensive additionalinitializationprocess,
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Figure 3: comparisonof two ray-surfaceintersectiontechniques.Left: exact intersection,middle: fast intersection,right:
difference

consistingof thedeterminationof the ray direction,theen-
try point calculationandthe initialization of variablesused
for cell traversal,hasto beperformed.Time is only saved,if
only few local raysarecastperpixel. Macro-cell trimming
and early scanlineterminationare two optimizationtech-
niquesthatreducethenumberof local rays.

2.5.1. Macro-Cell Trimming

Very often,only a small part of a macro-cellis intersected
by an iso-surface.Therefore,to prevent unnecessarycalcu-
lations,eachmacro-cellis trimmed to the smallestcuboid
containingthemacro-cell’sportionsof theiso-surfaces.This
canbedonequiteefficiently by iteratingthroughall cellsof
themacro-cell.Thecuboidis initialized to sizezero.When-
ever a surfacecell is encountered,thecuboidis extendedto
thesmallestnecessarysizeso that it containsthis cell. The
resultingcuboidis thenprojectedinsteadof themacro-cell.
Sincetheprojectionof this cuboidcoversfewer pixels than
theprojectionof thewholemacro-cell,thenumberof local
raysis reduced.Macro-celltrimmingsavesabout28percent
of overall renderingtime on average.The time gain, how-
ever, is verymuchdependentonthedatasetandtheposition
of theview point.

2.5.2. Early Scanline Termination

After a macro-cellhasbeenprojected,the set of pixels at
which local raysareto becastis detectedby identifying all
scanlinesthat intersectthe projectionanditeratingthrough
the pixels of a scanlinefrom one boundaryof the projec-
tion to the other. Dependingon the topologiesof the iso-
surfacesinsidethemacro-cell,scanlinescanbeeitherrows
or columnsof pixelsandcanbeprocessedin eitherdirection.
Thereasonfor this is that,againdependingonthetopologies
of the iso-surfaces,very often,processingof a scanlinecan
bestoppedassoonasalocal raythroughapixel of thisscan-
line doesnotintersectany of theiso-surfaces.Thistechnique

will bereferredto asearlyscanlinetermination. Here,with-
out limitation of generality, macro-cellprojectionsfor which
scanlinesareprocessedfrom left to right will be discussed
asanexample.Let the image of a macro-cellbe thecollec-
tion of all pixelsin thefinal image,thatobtainedtheircolors
throughlocal rayswithin thatmacro-cell.Analogously, the
imageof apartof aniso-surfaceis thecollectionof all pixels
thatobtainedtheir colorsthroughray intersectionswith that
part of an iso-surface.Early scanlineterminationwill lead
to errorsandshouldthereforenot beapplied,if thedropped
partof thescanlineintersectstheimageof thecurrentmacro-
cell. Themacro-cellwhoseimageis rendereddarkin theleft
imageof figure 4 allows early terminationof all scanlines.
The highlightedscanlinein the imageon the right should
not be terminatedearlywhile themacro-cellcorresponding
to thedarkrenderedimageis processed.Therearetwo pos-
siblecausesfor earlyscanlineterminationbeingdisallowed:

Thefirst causeareleft-facingsurfacenormals.Partsof the
iso-surfaces,which have surfacenormalsthat point, when
projectedto the imageplane,towardsthe left handsideof
thescreen,confinetheapplicabilityof earlyscanlinetermi-
nation.For all scanlinesthat intersectthe imagesof those
surfaceparts,earlyscanlineterminationcanbeappliedonly
afterall suchintersections.Earlyscanlineterminationis dis-
allowedfor thescanlinein theimageontherighthandsidein
figure 4,becausethepotentiallydroppedpartof thescanline
intersectsthe imageof a surfacepart which hasleft facing
surfacenormals.

The secondpossiblecauseis relatedto thenotion of so-
calleddangerousmacro-cell faces. A macro-cellfaceis re-
ferred to asdangerous, if it containsthe macro-cellvertex
which hasbeenprojectedfarthestleft and the neighboring
macro-cellsharingthis facewill beprocessedafter thecur-
rent macro-cell.If the distancebetweenthe two leftmost
vertex imagesin X direction is very small (thereis a dif-
ferenceof only a few pixels), only the hiddenfaceshared
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Figure 4: 2 macro-cells: left: early termination(e.s.t.) is possiblefor all scanlines;right: an examplefor a scanlinewhich
shouldnotbeterminatedearlydueto left facingsurfacenormals

dangerous faces

Figure 5: dangerousmacro-cell faces

betweenthe verticesbelongingto the two leftmostprojec-
tion points, is considereddangerous.So, if the macro-cell
projectionlooksliketheoneontheleft handsidein figure5,
only theonehiddenmacro-cellfaceon the left handsideis
dangerous.If, however, the projectionhasa shapesimilar
to the oneon the right handside,thereare two dangerous
macro-cellfaces.

The consequenceof a dangerousmacro-cellfacebeing
intersectedby aniso-surfaceis thatthepossibilityarisesthat
betweenthe left boundaryof the macro-cellprojectionand
the first intersectionof the scanlinewith the imageof the
macro-cell,somepixels remainblank also if thereare no
left-facingsurfacenormals.Raysthroughthosepixels exit
themacro-cellthroughthedangerousfacebeforethey could
possiblyintersectan iso-surface.The applicability of early
scanlineterminationis, in this case,confinedto the part of
the scanlinefollowing the first intersectionof the scanline
with themacro-cellimage.

Themacro-cellwhoseimageis rendereddarkin figure 6
servesasan example.The dashedline in this figure marks

Figure 6: an examplefor a dangerousmacro-cell facecon-
fining theapplicability of earlyscanlinetermination

a part of the left boundaryof the projectionof the macro-
cell. Thepixelsbetweenthispartof theprojectionboundary
andtheboundaryof themacro-cellimageobtaintheircolors
throughray-surfaceintersectionsin theneighboringmacro-
cell which will be processedafter the current one. Early
scanlineterminationat thesepixelswould leadto errors,al-
thoughthe displayedmacro-cellhasno left facingsurface
normals.
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A macro-cellcanbe checked for both problemcasesby
calculatinga representative surfacenormalfor eachsurface
cell of themacro-cellandcheckingthesignsof thedotprod-
uctsof theserepresentative surfacenormalswith two refer-
encevectors,onefor eachproblemcase.Wheneverabound-
arycell thatprohibitsearlyscanlineterminationis found,the
centerpoint of this cell is projectedto theimageplane.The
collectionof all thoseprojectionsyieldsa critical region for
the currentmacro-cell.A scanlinecanbe terminatedearly
only, if a pixel was left empty outsidethe critical region.
Early scanlineterminationusuallysavesanother17 percent
of overall renderingtimeonaverage.Thetwo rightmostim-
agesin figure 7 displaythenumbersof local raysperpixel
without, respectively with, the usageof early scanlineter-
minationduring thecomputationof the frameshown in the
imageon the left. The lighter thecolor of a pixel, themore
rayswerecastthroughit. Theimagein themiddlewasgen-
eratedusing2.483raysperpixel, theimageon theright was
generatedusing1.285raysperpixel.

Surface normalsof parts of the iso-surfacescontained
within aboundarycell canvaryquitesignificantly. So,repre-
sentative normalvectorsmight describethe iso-surfacesin-
adequately. Therefore,usingearlyscanlineterminationcan
lead to errors.Although theseerrorsare very rare (about
0.017percentof all pixelsareerroneousonanaverage)they
arepossibleandthey haveadisturbingeffectonimagequal-
ity. They resultin holesin thesurface,whichareclearlyvis-
ible. Therefore,theseholeshave to be identifiedandfilled
with correctcolor valuesaftercompletionof theframe.

A pixel that is coveredby a hole will be left blank until
theendof the frame,becauseeitherno otherpartof aniso-
surfaceis projectedto it until theendof theframe,or theray
thatis castthroughthatpixel intersectsthesameiso-surface
onemoretime,but in thewrongdirection(i.e.,onits wayout
of theobjectwhoseboundarytheiso-surfacerepresents),in
whichcasethepixel is left blankandmarkederroneous.

Therearetwo sequenceflagsperpixel indicatingwhether
the pixel hasrecentlybeendroppeddue to horizontal,re-
spectively vertical, early scanlinetermination.This means
thatevery timethatearlyscanlineterminationis applied,the
appropriatesequenceflag hasto be set for all empty pix-
els which are dropped.The boundsof eachnew sequence
of droppedpixels mustbe marked by settingthe sequence
flag of the pixel immediatelyprecedingthe sequenceand
thepixel immediatelyfollowing thesequenceto zero.Also,
a pixel throughwhich a regular local ray hasbeencastcan,
at this time,notbepartof anerroneouslydroppedsequence,
thus its sequenceflagsmustbe set to zero. It can be con-
cludedfrom thepropertiesof erroneouspixels describedin
the previous paragraph,that pixels which are erroneously
dropped,will after thatnever bepartof a droppedsequence
again.After theframeis completed,asequenceof blankpix-
elswith theaccordingsequenceflagsset,which is bounded

on bothsidesby nonblankpixelswhosesequenceflagsare
notset,hasbeendroppederroneously.

To fill theholes,rayscanbecastfrom thosepixelsthrough
thecompletevolume.As only few pixelswill beerroneous,
this will mostly take only a small part of the time thatwas
savedby earlyscanlinetermination.

2.6. Screen Regions

One problemof cell-basedfirst-hit ray castingis that vis-
ibility determinationis doneon a per pixel basis.So, for
instance,after theprojectionof a macro-cellwhich is com-
pletely hiddenbehindcloserpartsof the iso-surfaces,each
pixel coveredby the projectionhasto be tested,whethera
local rayhasto becastthroughit, or not.Oneway to reduce
this overheadis the so called screenregions method.The
imagespaceis divided into equal-sizedsquares,eachcon-
sistingof n � n pixels.For eachsquarethenumberof pixels
whichhave alreadybeenassigneda color, is known. During
therasterizationof theprojectionof a macro-cell,whenever
ascreenregionboundaryis crossed,thepixel numberof the
enteredscreenregion is checked.If thescreenregion is full,
rasterizationcanmoveonto thenext screenregionboundary.
This approachsavesanother3 percentof overall rendering
timeonanaverage.

2.7. Early End of Computation

Intuitively, computationof a frame is endedas soon as
the completeoctreehasbeentraversedandall macro-cells
whichincludepartsof theiso-surfaces,havebeenprocessed.
However, sometimecanbesavedby terminatingtherender-
ing processassoonasall pixelsarecovered,asthis reduces
thenumberof macro-cellshaving to beprojectedandtested
for dangeroussurfacenormalsaswell asthenumberof pix-
elwisevisibility tests.Thisapproachsavesanother5 percent
of overall renderingtime onaverage.

3. Results

Thealgorithmdescribedabove wasimplementedandtimed
on an Intel P4 1900 MHz single processormachine.A
512 � 512 � 266 dataset of a chestwas usedfor the ex-
periments.To test the performance,a referenceray caster
whichcreatesimagesof thesamequality ascell-basedfirst-
hit raycasting,wasimplementedandtimedonthesamema-
chine.This referenceprogramtracksraysfrom theeyepoint
to thosepoints wherethey first intersectan iso-surfaceor
leave the datavolume.It usesthe fastvoxel traversalalgo-
rithm 1 and performsfast ray-surface intersectiontestsas
describedin section2.4 Additionally, a buffer is usedto
exploit inter ray coherency. It storescells that areencoun-
teredalongthelast ray, anda flag which indicates,if a por-
tion of an iso-surface is containedthere.For all rays that
visit the samecells, the intersectionbit indicates,whether
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Figure 7: raynumbers without(middle)andwith (right) theusage of earlyscanlinetermination

anintersectiontestmustbeexecuted,or not.This technique
acceleratesrenderingby about60 percent.Distancecoding
was not used,becauseit would requirerecomputationfor
eachnew iso-value.Timings weretaken for two scenarios,
virtual angioscopy inside the stentedaorta and visualiza-
tion of thestentfrom outsidethechestwith variousthresh-
olds.Table1 containstimingsobtainedduringavirtual flight
throughtheaorta.It statestheminimum,maximumandav-
erageframetimesof bothtechniquesfor animageresolution
of 512 � 512.It canbeseenthatcell-basedfirst-hit raycast-
ing is significantlyfasterin the virtual angioscopy applica-
tion thanmoreconventional(but still optimized)raycasting.
Two framesof thefly-throughanimationaredepictedin fig-
ure9 (seecolorplate).

The diagramin figure 8 comparesthe performancesof
the two techniquesin the secondscenario,visualizationof
thestentfrom a view point outsidethechest.Thethreshold
in the experimentvaried between0 HaunsfieldUnits (soft
tissue,e.g., the lung) and1100 HU (stent),the imageres-
olution was512 � 512. Conventionalray castingis signifi-
cantly fasterthancell-basedfirst-hit ray castingonly when
soft tissuehidesthestent.In thiscase,distancesbetweenthe
eye point andtheray-surfaceintersectionpointsarein gen-
eralveryshort,thusconventionalraycastingdoesnotspend
muchtime traversingemptyspaces.Cell-basedfirst-hit ray
casting,on the other hand,suffers from the problem,that,
in this case,almostall macro-cellsmustbeprocessed,and,
sincethe tissueis very fine-structuredand thereare some
"peepholes"into regionsfartheraway, it takesa long time
until all pixelshave beenassignedacolorandrenderingcan
be stopped.As the thresholdis raisedandsoft tissuefades
out, frametimesfor cell-basedfirst-hit raycastingdecrease,
becausefewermacro-cellshave to beprocessed,while those
for conventional ray castingincreaserapidly, becauseray
lengthsincrease.With a thresholdof 450 HU, whenbones
andthe stentarevisible, the frametime of cell-basedfirst-
hit ray castingis 1.953seconds,theoneof conventionalray
castingis 8.563seconds(speedupof 4.38).With a thresh-

old of 1100HU, whenonly the stentis visible, the frame
time of cell-basedfirst-hit ray castingshrinksto 0.609sec-
onds,while thatof conventionalray castingrisesto 12.781
seconds(speedupfactor20.98).Threeframesfrom this ex-
perimentaredepictedin figure10 (seecolorplate).

3.1. Discussion

Themostimportantadvantageof cell-basedfirst-hit raycast-
ing arethe shortpathsthat rayshave to traverse.Raysare
tracked only throughmacro-cellscontaininga part of the
iso-surface.Local raysthroughpartsof macro-cells,which
do not containany boundarycells, are avoidedby macro-
cell trimming (seesection2.5.1).Early scanlinetermination
eliminateslocal rays,which arenot guaranteed,but highly
probablenot to find any intersectionswith an iso-surface
(seesection2.5.2).Thosetechniquesresult in a very short
averageray pathlengthper pixel. Table2 shows, how cell
projectionreducesthe effort for ray tracking comparedto
conventionalray castingaswell as the effects of the opti-
mizationsmentionedabove. The valuesin this table stem
from atypical frameof thefly-throughanimation.A raystep
is oneiterationof thevoxel traversalalgorithm.Thetermmt
standsfor macro-celltrimmingandestfor earlyscanlineter-
mination.

Cell-basedfirst-hit ray castingalso managesto exploit
cache-coherency to improve performance.As eachmacro-
cell is processedandaccessedonly onceduringthecalcula-
tion of a frame,thephenomenonof thrashingcannotoccur.
Thissignificantlyspeedsup renderingof largedatasets.

Thedisadvantageof cell-basedfirst-hit ray castingis that
octreetraversal,macro-cellprojectionandmacro-celltrim-
ming entail somecoststhatareconstantwith respectto the
imageresolution.Thesecostsmustbe compensatedby ex-
ploiting theshortaverageraypathsto yield smallerper-pixel
overhead.Therefore,cell-basedfirst-hit raycastingperforms
poorly comparedto more conventional ray casting,when
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algorithmused minimumframetime maximumframetime averageframetime

cell-basedfirst-hit raycasting 1.103 1.358 1.291

conventionalraycasting 1.783 2.271 2.119

Table 1: frametimesin secondsfor virtual angioscopy

Figure 8: frametimesin secondsfor variousthresholds

renderinglow-resolutionpreviews. To renderlower-quality
previews, either someconventional ray castingschemeor
a differentpreview strategy, like the progressiverendering
methodthatwasusedin theAlV is 14 project,shouldbeem-
ployed.

Frametimes can dependvery much on the macro-cell
size. Ideal macro-cellsizesdiffer from dataset to dataset
andeven from frameto frame.Both big andsmall macro-
cells have their advantagesand disadvantages.A small
macro-cellsizeresultsin a largenumberof macro-cellsand
thereforeanincreasein thetime neededfor octreetraversal
andprojectionof macro-cells.Raysare,as therearemore
macro-cellboundaries,split upinto moreraysegments.This
resultsin an increaseof the numberof local raysandthus
in an increaseof expensive ray initialization stepsfor rays
whichtravel alonganiso-surfacewithout intersectingit for a
longtime.Ontheotherhand,smallmacro-cellsizescanlead
to moresignificantreductionsof local ray numbersthrough
earlyscanlinetermination,assmall critical regionsbecome
more likely. Also, smaller macro-cellsyield shorter local
rays,boostingrenderingfor especiallythosepixels,atwhich
only onelocal ray is cast.

3.2. Conclusion

Cell-basedfirst-hit ray casting, a new techniquewhich
proved to be a feasibleandfastvisualizationtechniquefor
perspective volumevisualization,hasbeenpresentedin this
paper. It wassuccessfullytestedin the applicationof post-
implantation assessmentof stent placement.It has been
shown thatcell-basedfirst-hit raycastingmanagesto outper-
form conventionalbut still optimizedray castingquite sig-
nificantly, for view pointsbothinsideandoutsidethestented
bloodvessel.

More result images and animations are available
on http://www.VRVis.at/vis/resources/DA-ANeubauer/. A
moredetaileddescriptionof the algorithmcanbe found in
themaster’s thesisCell-BasedFirst-Hit RayCasting13.
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algorithmused noof rays no of raysperpixel noof raystepsperpixel

conventionalraycasting 262,144 1 35.494

cell-basedfirst-hit ray casting 1,147,347 4.376 15.626

cell-basedfirst-hit ray castingwith mt,est 396,808 1.513 3.932

Table 2: contributionof optimizationtechniquesto raypathreduction

in Vienna,Austria (http://www.VRVis.at). Thanksalso to
Tiani Medgraph(http://www.tiani.com)for providing medi-
cal datasets.
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Figure 9: two framesfroma virtual flight throughthestentedaorta

Figure 10: framesfor thresholds0 HU (left, soft tissueis visible),450 HU (middle, someribs and the stentare visible) and
1100HU(right, only thestentis visible)


