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Introduction: In recentyearstherehasbeenarenavedinterestin

real-timeray tracingfor interactize applicationsThisis dueto mary

factors: rstly, processospeechascontinuedto rise at exponential
ratesaspredictecby Moore's Law andis approachingheraw com-
putationalpower neededfor interactize ray tracing. Secondly ray
tracingalgorithmscanbe highly parallelizedon sharednemoryand
distributed memorysystems.Therefore the currenthardwaretrend

towardsdesktopsystemswith multi-core CPUsand programmable

GPUscanbe usedto accelerataay tracing. Finally, recentalgo-
rithmic improvementsthat exploit ray coherenceanachiese a sig-
ni cant improvementin renderingtime [Reshetw etal. 2005; Wald
2004].

Our goal is to perform interactive ray tracing of massie mod-
els consistingof tensor hundredsof millions of triangleson cur
rent desktopsystems.Suchgigabyte-sizednodelsarethe resultof
adwancesin modelacquisition,computefaideddesign(CAD), and
simulationtechnologies. Their compleity makesinteractve visu-
alizationandwalk-throughsa challengingtask. Ray tracinghasan
importantpropertyin the context of renderingmassve models: its
asymptoticperformances logarithmic in the numberof primitives
for a givenresolution. This is dueto the useof hierarchicaldata
structuressuch as boundingvolume hierarchiesor kd-trees. The
asymptoticcompleity makes ray tracing an attractve choice, es-
peciallyfor renderingof massve models.

However, we foundthatthelogarithmic growth continuesonly as
long asthe systemhassufcient memoryto storethe entire model
and hierarchicaldatastructures.As modelsgrov muchlarger, the
sizeof the hierarchicalstructurealsoincreasedinearly andthe un-
derlyingray tracerperformsits computationsn anout-of-coreman-
ner A majortrendin computinghardware hasbeenthe increasing
gapbetweemprocessospeecandmemoryspeed Moreover, disk 1/O
accessearein generalmorethanthreeordersof magnitudeslower
thanmain memoryaccessesBecauseof thesegaps, hardware ad-
vancesarenot expectedto provide an ef cient solutionto the prob-
lem of ray tracingmassve models.

Our approach: Weproposeanew algorithmto accelerateaytrac-
ing of massve modelsusinggeometridevels-of-detail(LODs). Our
approachcomputessimple and drastic simpli cations, denotedR-

LODs of polygonalmodels.A R-LOD consistf a planewith ma-
terial attributes(e.g. color), which is a drasticsimpli cation of the
descendartrianglescontainedn aninnernodeof thekd-tree.Each
R-LOD is alsoassociatewvith asurfacedeviationerrorwhichis used
to quantifytheprojectedscreen-spacerroratruntime. TheR-LODs
have acompactepresentatioandaretightly integratedwith the kd-

tree. We presenta simpleandef cient LOD error metric to bound
theerrorfor primaryandsecondaryays. Additionally, we usetech-
nigueshasedn spatialcoherencandcache-obliouslayouts[Yoon
andManocha2006]to improve the performanceof our LOD based
ray tracingalgorithm. R-LODs alsoalleviate the temporalaliasing
thatcanariseduringray tracingof highly tessellatednodels.

We haveimplementedndtestecbur systenontwo machinesun-
ning Windows XP 32-bit and64-bit with two dual-coreXeon CPUs
andhave evaluatedts performancenthreedifferentmodels:aCAD
doubleeagletanker (81M triangles),aforestmodel(32M triangles),
anda scannedSt. Matthev model (128M triangles). The perfor
mancegain of our LOD baseday traceris proportionalto thereduc-
tion in the numberof intersectiontestsand, moreimportantly the
working setsize (SeeFig. 2). The framerateimprovementvaries
from 2 timeson modelswith smallworking setsizeto almost20-50
timeson modelswith very large working setsize. Furthermorewe
areableto rendemostof thesemodelsat5-12 framesa secondvith
primary raysand 1-8 framesa secondvhenwe includere ections
andshadav rays. Theseresultsareshownn in thevideo. Theseper
formancesaremeasure@t512 512with 2 2 supersamplingin
64-bitmachinewith two XeonCPUs.

Figure 1: St. Matthev Model: We use our LOD-basedalgorithm to acceleate ray
tracing of St. Matthev modelwith shadowsand re ections. We ray tracethe 128M
triangle modelat 512 512 resolutionwith pixels-of-eror (POE)= 4 and2 2
anti-aliasing We are ableto achieve2 3 framesper secondon two dual-coe Xeon
processomworkstationwith 4GB of memory We observe2 20 timesincreasein the
framerate dueto R-LODswith verylittle lossin image quality.
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Figure2: Performancevariation asa function of POE: We measue therenderingtime,
average numberof processedhodeper ray, andsizeof working setduring renderingSt.
Matthewv modelwith differentPoE values.All thesevaluesare shownin a scale-itvariant
mannerby linearly scalingtheir maximumvaluesto 1. Theperformanceof our LOD-
basedray tracerdrasticallydeceasesaswelinearly increasethe POE.

Advantages of our approach: Ourray tracingalgorithmoffers
thefollowing bene ts

1. Simplicity: R-LODsarevery easyto implementandtheirrep-
resentatiorhassmall runtime overhead.Our algorithmmain-
tainsthe simplicity, coherenceandperformancef the kd-tree
datastructure.

2. Front size: R-LODs reducethe size of the front traversedin
thekd-tree. This resultsin fewer ray intersectiortestsandde-
creaseshesizeof theworking set.

3. Coherence: R-LODs make memoryaccessesore coherent
andreducethe numberof L1/L2 cachemissesandpagefaults.
Furthermorethey canalsoimprove the performancef spatial
coherenceechniques.

4. Interactivity: TheLOD basedaytracermprovidesaframevork
for interactve ray tracingdueto the factthatwe cantradeoff
imagequality for improvedframerate.

5. Generality: Our algorithmis applicableto a wide variety of
polygonalmodels,includingscannecind CAD models.
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