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Intr oduction: In recentyears,therehasbeena renewedinterestin
real-timeraytracingfor interactiveapplications.This is dueto many
factors:�rstly , processorspeedhascontinuedto riseat exponential
ratesaspredictedby Moore's Law andis approachingtheraw com-
putationalpower neededfor interactive ray tracing. Secondly, ray
tracingalgorithmscanbehighly parallelizedon sharedmemoryand
distributedmemorysystems.Therefore,thecurrenthardwaretrend
towardsdesktopsystemswith multi-coreCPUsandprogrammable
GPUscan be usedto accelerateray tracing. Finally, recentalgo-
rithmic improvementsthat exploit ray coherencecanachieve a sig-
ni�cant improvementin renderingtime [Reshetov et al. 2005;Wald
2004].

Our goal is to perform interactive ray tracing of massive mod-
els consistingof tensor hundredsof millions of triangleson cur-
rent desktopsystems.Suchgigabyte-sizedmodelsarethe resultof
advancesin modelacquisition,computer-aideddesign(CAD), and
simulationtechnologies.Their complexity makes interactive visu-
alizationandwalk-throughsa challengingtask. Ray tracinghasan
importantpropertyin the context of renderingmassive models: its
asymptoticperformanceis logarithmic in the numberof primitives
for a given resolution. This is due to the useof hierarchicaldata
structuressuchas boundingvolume hierarchiesor kd-trees. The
asymptoticcomplexity makes ray tracing an attractive choice,es-
peciallyfor renderingof massivemodels.

However, we foundthatthelogarithmicgrowth continuesonly as
long asthe systemhassuf�cient memoryto storethe entiremodel
andhierarchicaldatastructures.As modelsgrow muchlarger, the
sizeof the hierarchicalstructurealsoincreaseslinearly andthe un-
derlyingray tracerperformsits computationsin anout-of-coreman-
ner. A major trendin computinghardwarehasbeenthe increasing
gapbetweenprocessorspeedandmemoryspeed.Moreover, diskI/O
accessesarein generalmorethanthreeordersof magnitudeslower
thanmain memoryaccesses.Becauseof thesegaps,hardwaread-
vancesarenot expectedto provide anef�cient solutionto theprob-
lemof ray tracingmassivemodels.
Our appr oach: Weproposeanew algorithmto accelerateraytrac-
ing of massivemodelsusinggeometriclevels-of-detail(LODs). Our
approachcomputessimple and drasticsimpli�cations, denotedR-
LODs, of polygonalmodels.A R-LOD consistsof a planewith ma-
terial attributes(e.g. color), which is a drasticsimpli�cation of the
descendanttrianglescontainedin aninnernodeof thekd-tree.Each
R-LOD is alsoassociatedwith asurfacedeviationerrorwhichis used
to quantifytheprojectedscreen-spaceerrorat runtime.TheR-LODs
haveacompactrepresentationandaretightly integratedwith thekd-
tree. We presenta simpleandef�cient LOD error metric to bound
theerrorfor primaryandsecondaryrays.Additionally, we usetech-
niquesbasedonspatialcoherenceandcache-obliviouslayouts[Yoon
andManocha2006] to improve theperformanceof our LOD based
ray tracingalgorithm. R-LODs alsoalleviate the temporalaliasing
thatcanariseduringray tracingof highly tessellatedmodels.

Wehaveimplementedandtestedoursystemontwo machinesrun-
ning Windows XP 32-bit and64-bit with two dual-coreXeonCPUs
andhaveevaluatedits performanceonthreedifferentmodels:aCAD
doubleeagletanker (81M triangles),a forestmodel(32M triangles),
and a scannedSt. Matthew model (128M triangles). The perfor-
mancegainof ourLOD basedray traceris proportionalto thereduc-
tion in the numberof intersectiontestsand,more importantly, the
working setsize(SeeFig. 2). The framerate improvementvaries
from 2 timesonmodelswith smallworkingsetsizeto almost20–50
timeson modelswith very largeworking setsize. Furthermore,we
areableto rendermostof thesemodelsat5–12 framesasecondwith
primary raysand1–8 framesa secondwhenwe includere�ections
andshadow rays. Theseresultsareshown in thevideo. Theseper-
formancesaremeasuredat512� 512with 2 � 2 super-samplingin
64-bitmachinewith two XeonCPUs.

Figure 1: St. Matthew Model: We useour LOD-basedalgorithm to accelerate ray
tracing of St. Matthew modelwith shadowsand re�ections. We ray trace the 128M
triangle modelat 512 � 512 resolutionwith pixels-of-error (PoE) = 4 and 2 � 2
anti-aliasing. We are able to achieve2 � 3 framesper secondon two dual-core Xeon
processorworkstationwith 4GBof memory. We observe2 � 20 timesincreasein the
frameratedueto R-LODswith verylittle lossin imagequality.

0 5 10 15 20
0

0.5

1

Pixels-of-Error(PoE)

R
el

at
iv

e 
va

lu
es

 
(E

ac
h 

m
ax

 v
al

ue
 is

 
lin

ea
rly

 s
ca

le
d 

to
 1

) # of intersected nodes per ray
Size of working set
Render time

Figure2: Performancevariation asa function of PoE: Wemeasuretherenderingtime,
average numberof processednodeper ray, andsizeof workingsetduring renderingSt.
Matthew modelwith differentPoEvalues.All thesevaluesareshownin a scale-invariant
mannerby linearly scalingtheir maximumvaluesto 1. Theperformanceof our LOD-
basedray tracerdrasticallydecreasesaswelinearly increasethePoE.

Advantages of our appr oach: Our ray tracingalgorithmoffers
thefollowing bene�ts:

1. Simplicity: R-LODsareveryeasyto implementandtheir rep-
resentationhassmall runtimeoverhead.Our algorithmmain-
tainsthesimplicity, coherence,andperformanceof thekd-tree
datastructure.

2. Front size: R-LODs reducethe sizeof the front traversedin
thekd-tree.This resultsin fewer ray intersectiontestsandde-
creasesthesizeof theworkingset.

3. Coherence: R-LODs make memoryaccessesmore coherent
andreducethenumberof L1/L2 cachemissesandpagefaults.
Furthermore,they canalsoimprove theperformanceof spatial
coherencetechniques.

4. Interacti vity: TheLOD basedraytracerprovidesaframework
for interactive ray tracingdueto the fact thatwe cantradeoff
imagequality for improvedframerate.

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