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1 Intro duction
In Pixar's Ratatouillea lot of scenestake placeinsidethe kitchen
wherere�ective surfaceslike countertops, stoves,potsandpans
abound.Furthermore,thesesurfaceswereoftenburnishedor cov-
eredwith dents,scratchesor otherdisplacements,whichmeantthat
there�ections weresoft andfuzzy. Physically accuratere�ections
are most often achieved by tracing re�ected rays into the scene.
Whentherayencountersanotherobject,computationallyexpensive
lighting andshadingcalculationsmustbe performedto determine
thecontribution of there�ecting point. Paradoxically, surfacesthat
have soft or fuzzy re�ectionsaremoreexpensive sincethey have a
largerre�ection coneanglerequiringmoreraysto adequatelysam-
plethere�ectedscene.Wepresentatechniquethatutilizesradiance
cachesto signi�cantly speedup there�ection calculationsanddis-
cusssomeof theaccuracy trade-offs inherentto thisapproach.

2 Basic Approach
In a pre-passthe re�ected objectsarerenderedwithout culling or
hiding. The resulting radiancevaluesare storedin a brickmap
[CHR04] [CHR07], which we refer to asthe radiancecache.Al-
thoughit would seemthat having the additionalgeometrywould
addsigni�cantly to therendertime,in practicethegrid basedReyes
architecture[COO87] is fairly ef�cient even whenthe hiding and
culling aredisabled. In the main renderpass,geometricraysare
�red into thescenefrom there�ecting surface,however insteadof
shadingat theendof theraytheintersectingpointsandnormalsare
insteadusedto look up theradiancevaluesfrom thecache.

Thebrickmapdatais structuredasaMIP mapallowing for ef�cient
�ltered reads. For a re�ection with coneangle(q), projectedhit
distanceon to the re�ection vector(h) andtracingsamples(s) the
radianceis readwith a �lter kernelof:

r =
p

h� tanq=s

For soft re�ectionsq is largewhichgenerallyrequiress to belarge
aswell to provideenoughstochasticpointsamples.However, since
our radiancereadsare �ltered we needs to just be large enough
to accountfor geometricdiscontinuitieswithin the re�ection cone
andnot texture variationswhich generallytend to be of a higher
frequency andtypically thedriver for numberof samplesneeded.

2.1 Fur and Hair
In Ratatouillewe had the addedchallengeof re�ecting fur and
hair, which addan orderof magnitudegeometriccomplexity that
the ray tracinghasto dealwith. The charactergroomswerebuilt
with a granularitycontrol thatcouldbesetindependentlyfor cam-
eraandray tracingvisibility. Lowering the fur or hair granularity
automaticallythickenedthecurvesto maintaintheoriginalvolume.
The radiancecomputationwas doneusing the full granularityso
thatall thetextureandillumination variationswerecapturedin the
cache.However, for re�ection tracingthegranularitywassetmuch
lower, oftenaslow as10%.Essentiallywewereray tracingagainst
coarsergeometrybut resolvingre�ection illumination andtexture
atahigher�delity .

3 Discussion
In mostof our teststhe radiancecachere�ections wereconsider-
ably fasterthanthecorrespondingray tracedre�ections in PRMan
even after including the additional rendertime for the radiance
cache.Figure1 providesdetailsfor a simplescene.As expected
thespeedupis morepronouncedfor highersampleswherethe�x ed
radiancecacheoverheadis proratedandfewersamplesareneeded.

(a)TraceRaytrace4 smaples (b) TraceRadiance4 samples
Rendertime= 6:43 Rendertime= 4:56

(c) TraceRaytrace64samples (d) TraceRadiance16samples
Rendertime= 207:28 Rendertime= 16:45

Figure1: A simplescenethat comparesnormalray tracedre�ections to radiance
cachere�ections. Notethat the64 ray tracedsamplesin (c) arevisually equivalentto
16 radiancesamplesin (d). Radiancecacherenderingtime of 1:13 for (b) and(d) is
includedin thetotal rendertimes. c
 Disney/Pixar.

Naturallythebiggestdownsideinherentto this techniqueis thatthe
view dependentshadingin the re�ection is incorrect,for example
thepotatore�ection onthewall. Thelighterswouldoftensetupthe
radiancepasscamerastomatchthepredominantre�ection direction
basedon theprimaryre�ecting andre�ectedobjects.In our exam-
ple the re�ection of the potatoon the table is a bettermatchthan
theoneon thewall. For soft re�ectionsin a typical scenethiserror
wasgenerallyimperceptible.However, in a few caseswedid revert
to traditionalray tracedre�ections whendealingwith particularly
sharp,mirror re�ections.

It is alsoworth noting that the �lter kernelof thebrickmapcovers
avoxelizedsphereratherthanadisc,andeventhoughthereadsare
normalizedby volume,therecanbeerrorsin theradiancevaluesfor
multiple, closetogethersurfacesalongthe ray. Fortunatelyby in-
creasingthenumberof sampleswecanapproachthepointsampled
natureof traditionalray tracedre�ectionswhennecessary.
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