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Abstract
In thispaperwepresenta new relightingtechniquethat,for a singleviewpoint,accuratelycapturesthereflectance
field of real and virtual objects,without restrictionson their geometricalcomplexity or material properties.As
a result the objectscan be relit under arbitrary lighting conditions.To capture the reflectancefield, we take
photographsof an objectlit by several lighting patternson a surroundingdiscretizedhemicube. Theillumination
of each pixel dueto emittedradiancefromeach discretepatch on the hemicubeis approximatedby a reflection
coefficient and a rectangularsupportwhich are foundthroughan optimizationprocedure. Thediscretizationof
the hemicubeensuressufficientangular samplingto capture diffusematerial properties.Theuseof a sub-patch
supportaccommodatessmallsolidanglesof incominglight importantfor specularmaterials.To relighttheobject,
the target illumination, a high-dynamicrange environmentmap,is averaged over thesupportandmultipliedby
the reflectioncoefficient,per pixel and per discretepatch on the hemicube. Theresultsobtainedshowaccurate
relightingof diffuse, glossyandspecularobjects.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.7 [ComputerGraphics]:Threedimensionalgraph-
ics andrealismI.4.1 [ImageProcessingandComputerVision]: DigitizationandImageCapture

1. Intr oduction

Image-basedrelightingrepresentsa classof techniquesthat
applynew lighting conditionsto a scene,given a setof ba-
sisimages.Possibleapplicationsrangefrom lighting design
to augmentedreality. Lighting designcanbea tedioustask,
sincemoving objectsandlight sourcesisnotalwaysfeasible.
Objectscanbeveryfragile(e.g.archaeologicalartifacts),the
illumination is not controllable(e.g.thesunthrougha sky-
window) or anobjectis too massive to move around(e.g.a
statue).Augmentedrealityapplicationsareconstantlyevolv-
ing and pushingthe limits of widely acceptedtechniques.
Placingreal objectsin virtual environmentsinfluencesthe
appearanceof the objects.It is not always possibleto ap-
proximatethedesiredillumination at themomentanobject
is captured(e.g.specialeffectsin moviesor computergames
whichcombinerealandvirtual environments).Relightingis
animportantpartof computergraphicsapplicableto a large
rangeof application.

In this paperwe developa relightingtechniquethatcom-
binesstrengthsfrom several techniques,the Light Stage2� 5
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andenvironmentmatting1 � 14, into a singleframework. This
allows us to capturecomplex geometricalobjectswithout
placingrestrictionsonmaterialproperties.

To capturethereflectancefield ahemicubearoundtheob-
ject is discretizedin several light patches.Eachpatchemits
a seriesof illumination patternsandfor eachpatterna high-
dynamicrangephotograph3 is recorded.Currently we use
a calibratedCRT monitor per hemicubesideto emit the il-
luminationpatterns(figure 1). For each pixel and for each
light patch thereceivedpixel radianceis thenapproximated
by a reflectioncoefficient and a supportareaon the light
patch.This supportareaapproximatestheareaon the light
patchthat is importantfor thepixel underconsideration.A
leastsquareminimization procedureon the pixel radiance
over differentillumination patternsis usedto determinethe
bestapproximationfor thesupport.To relight thescenewith
anarbitraryhigh-dynamicrangelight map,theaverageillu-
minationemittedover the supportareaby the light mapis
computedandmultipliedby thereflectancecoefficient.This
is repeatedfor eachpixel andeachlight patch.The results
show thatthetechniqueis ableto accuratelyrelightcomplex
geometrywith diffuse,glossyor specularmaterialproper-
ties.
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Thepaperis structuredasfollows: In thenext sectionwe
discussprevious work. In section3, a generaloverview of
the techniqueis given, and is presentedasa threestepal-
gorithm in sections4, 5 and6. The accuracy is verified in
section7 andtherelationwith theLight Stageandenviron-
mentmattingis further exploredin section8. Someresults
obtainedwith ourrelightingtechniquearefoundin section9.
Finally directionsfor futurework anda conclusionis given
in section10.

2. Previous Work

In thissectionwegiveanoverview of work relatedto image
basedrelighting.

A first classof techniquesrequiresor reconstructsa ge-
ometricalmodel of the scene.Loscoset al.8� 9 reconstruct
a simplified geometricalmodel,approximatethe illumina-
tion and calculateunoccludedillumination textures with
an adaptedradiosityalgorithm.Relightingis performedby
modifying light intensities.Yu etal.12� 13 focusmainlyonre-
covering the reflectancepropertiesof materialsby usingan
iterative optimizationprocedureto find parametersto repre-
sentthereflectancepropertiesof surfaces.Thescenewith the
recoveredmaterialpropertiesis re-renderedusingaglobalil-
luminationrenderingsystem.Reconstructionof geometryis
advantageouswhenvisualizationfrom multiple viewpoints
is desired,but is adisadvantagewhenasceneconsistsoutof
geometricalcomplex objects.

Another class of techniquescircumvents the need for
complex geometricalmodelsby directly manipulatingim-
ages.Nimeroff et al.10 introducedthe conceptof linearly
weightingandcombiningbasisimagesof ascene.Thelight-
ing conditionin thesebasisimagesarechosenin suchaway
thatany desirednovel lighting conditioncanbeconstructed
by linearly combining and weighting thesebasis images.
Wong et al.11 basedtheir relighting methodon light field
rendering4 � 6. By samplingthe sceneunderdifferent view-
pointsandillumination anapparentBRDF for eachsurface
pixel is found.Lin et al.7 definea reflectedirradiancefield,
the dual of a light field, andderive uppersamplingbounds
for eachBRDF to reproduceit truthfully.

The Light Stage2� 5 usesbasisimagesof a scenelit by
lights regularly spacedon a spheresurroundingthe scene.
A light mapis appliedby linearlycombiningthesebasisim-
agesinto a singleresultingimage.

Environmentmatting,originally introducedby Zongkeret
al.14 andextendedby Chuanget al.1, capturethereflectance
propertiesof specularand refractive materialsby lighting
themwith differentillumination patterns.Thedirectionand
solid angleimportantfor the illumination of a pixel canbe
derivedfrom this informationin theform of a reflectionco-
efficient anda supporton thebackor side-drops.

Our techniquecombinesthe strengthandfeaturesof the
Light Stageandof environmentmatting.Similarto theLight

Stageincominglight directionsaresufficiently discretizedto
approximatethe reflectancepropertiesof diffusematerials,
whereastheuseof illuminationpatterns,similar to environ-
mentmatting,makes it possibleto find small solid angles
importantto approximatespecularreflectanceproperties.

3. Overview of the method

Thegoalof ourrelightingmethodis to applyanew light map
(in the form of an environmentmap) to an existing scene,
photographedfrom afixedviewpoint.To dothis,weneedto
know, for eachdirectionin thelight map,how muchit con-
tributesto the radianceseenthrougha pixel. To find these
contributions,the scenecanbe lit by light sourceslocated
aroundtheobjectonaboundingvolumeandthecontribution
to theillumination througha pixel canberecorded.We can
now formulatethe goal of our relighting method:for each
pixel, thegoal is to computetheweight(contribution to the
total radianceseenthroughthe pixel) of eachpoint on the
boundingvolumefor an existing scene.With this it is pos-
sible to relight the imageusingany environmentmap.The
boundingvolumeis discretizedin a numberof light patches
thatcanbelit independentlyof otherlight patches.

Considerfor amomentthatonly directilluminationemit-
ted from a patchcontributesto the radianceseenthrougha
pixel. If the reflectionto the eye is accordingto a diffuse
BRDF, then all direction in the patchwill be equally sig-
nificant. If on theotherhandthereflectionto theeye is ac-
cordingto a specularBRDF, thenonly a few directionsare
significant(locatedaroundthe perfectreflecteddirection).
Thesetpointson the light patchthataresignificantfor the
contribution to the pixel radiancearecalled the supportof
thatlight patch.

In this paperwe modelthereflectancefor eachpixel and
eachlight patchby a reflectioncoefficient and a support.
The refectioncoefficient representsthe global influenceof
the light patchto the observed pixel radiance,whereasthe
supportrepresentsthesubsetof importantdirectionswithin
a light patch.This canbewritten as:

I � p��� ∑
k

Rp 	 k 
�� Sp 	 k 
 Lk �

The intensity I in pixel p equalsthe sum over all light
patchesk of thereflectioncoefficient Rp 	 k multiplied by the
averageof theincomingradianceLk over thesupportSp 	 k.

To relighta pixel, theilluminationvaluesin thelight map
needto beaveragedover thesupport.Wecangeneralizethis
averagingasafilter operation.Wecall thisfiltering the’eval-
uation’of thesupport.Weusedaboxfilter in thetext above,
but in principleany filter canbeused.

We will now develop a methodto capture,computeand
usethesesetsof reflectioncoefficients andsupportsto re-
light eachpixel. Firstanumberof basisimagesarerecorded
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(section4).Fromthisgatheredinputdatathereflectioncoef-
ficientsandsupportsareextractedusinga leastsquaremin-
imizationalgorithm(section5) andstoredfor relightingaf-
terwards.Thisrelighting(section6) canbedoneanarbitrary
numberof timeswith differentlight mapsandrequiresmin-
imal processingtime.

4. BasisImage recording

4.1. Generaloverview

We measurethereflectancefieldsasfollows: a hemicubeis
assumedaroundthe object for which the reflectancefield
will be captured.Eachsideof the hemicubeis subdivided
in a regular grid of connectinglight patches.From eachof
theselight patchesaseriesof illuminationpatternsareemit-
ted(while emittingnoradiancefrom otherlight patches)and
a high-dynamicrangephotograph3 is recorded.If n illumi-
nationpatternsareemittedfrom eachlight patchandthere
arem light patchesthena totalof n 
 mhigh-dynamicrange
photographswill berecorded.

4.2. Practical setup

In our experimentswe useda CRT monitor for eachsideof
thehemicube(figure1).

��������������������������������������������������������
��������������������������������������������������������

Figure 1: A CRT monitor is used for each side of the
hemicube. A 4 
 4 grid of light patchesemits a seriesof
illumination patterns.For each light patch a reflectionco-
efficientandsupportare computed.Our currentsetuplimits
monitor placementto 4 sides,excludingthe sidewhere the
camera is located.

TheCRT monitorneedsto beradiancecalibrated,because
themappingbetweenpixel valuesandemittedradianceis a
non-linearfunctionfor mostCRT monitors.To calibratethe
CRT monitor, a high-dynamicrangephotographis recorded
of theCRT monitordisplayinga calibrationpattern.All our
illumination patternsare transformedusing the non-linear
mappingbetweenradianceandpixel values.

In our experimentswe usea 4 
 4 grid on eachhemicube
side.This choiceis motivatedby the fact that it produces

Figure2: Theilluminationpatternsusedto record thebasis
images.Thesolid white pattern is displayedin the center,
while inversepatternsare displayedonoppositesides.

good results for a reasonableamount of recordedpho-
tographs.Due to practical limitations the side facing the
camerawasomitted.

4.3. Illumination Patterns

For each light patch a reflection coefficient and support
needsto becalculatedfor a pixel. Theillumination patterns
needto provide enoughinformationto extractthisdata.

Thechoiceof which illuminationpatternsdependson the
choiceof thespecificfilter usedandontherepresentationof
thesupports.In this paperuseanaxis-alignedsupportanda
boxfilter.

It is possibleto calculatethe reflectioncoefficient using
justoneilluminationpattern.Thereflectioncoefficient is de-
fined in section3 astheglobal influenceof a light patchto
thepixel radiance.By emittinga solid white pattern,there-
flection coefficient can be directly computedfrom the ob-
servedpixel radiance.

Thereare many kinds of illumination patternsthat can
beusedto computea support.In environmentmattingwere
threedifferentkindsof illumination patternsused:horizon-
tal andverticalstripes(combinedwith aboxfilter), Gaussian
bandssweepingover thescreenat0, 45,90and135degrees
(combinedwith a elliptical Gaussianfilter) anda singlecol-
oredgradient(restrictedto colorlessmaterials).

We useda variation on gradients,and use 4 quadratic
(gray-scale)gradientsorientedat45 ��� n 
 90� degreeswith
n ��� 0 ��� 3� (figure2).

Sincedark regions in a high-dynamicrangephotograph
areproneto noise,we alsoused4 inversepatterns,because
theinversepatternsarebright wherethenormalpatternsare
darkandviceversa.This way we aresurethattheeffectsof
noiseareminimized.
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A detailedanalysisof thechoiceof supportsis beyondthe
scopeof thispaper.

5. Calculation of the reflectioncoefficientsand supports

Oncethe basisimagesarerecorded,the reflectancecoeffi-
cient and its supportis found for eachpixel and for each
light patchthroughanoptimizationprocedure.A pixel con-
sistsout of a numberof channels(e.g.RGB) and two ap-
proachesare possible.The first possibility is to treat each
channelindependentlyand calculatea supportand reflec-
tion coefficient for eachchannel.The secondpossibility is
to usethesamesupportfor eachchannelandtreatthereflec-
tion coefficient asa vectorof reflectioncoefficientsfor each
channel.Weusedthelatterapproach.

As said,the reflectioncoefficient canbe directly derived
from the basisimagelit with the solid white pattern.The
evaluationof any supportoverasolidwhite illuminationpat-
ternequalsa constantfactor. Theobservedpixel valuelit by
thesolid white illumination patternequalsthereflectionco-
efficient multipliedby theconstantfactor.

To find thesupportwithin a light patch,a leastsquareop-
timizationis used.Weusea steepestdecentoptimizational-
gorithm(algorithm1).

Algorithm 1:

1) Select an initial support
2) Calculate the least-squared error
3) while not minimized

a) Test all expansion possibilities
of the support

b) Calculate least-squared
errors and select minimum error

c) if minimum error < error then
update support

else minimized = true

Thereareanumberof possibleinitial supports.In our im-
plementationwe usethe following: if the reflectioncoeffi-
cient of the previous pixel is almostequalasthe reflection
coefficient of thecurrentpixel thentheinitial supportis set
equalto thesupportof thepreviouspixel. If thereflectionco-
efficientsdiffer toomuchthentheinitial supportis setequal
to theentirelight patch.Theideais that if thereflectionco-
efficientsarealmostequalthenit is likely that thematerial
propertiesof thesepixelsarealmostthesameandthushave
a simularbehavior with respectto supports.

To computethe leastsquareerror in eachoptimization
step,a trial supportis evaluatedfor eachillumination pat-
ternandscaledby theknown reflectioncoefficient.Thecom-
putedvaluewill differ from theobserved pixel valuein the
basisimagelit by the sameillumination pattern.This error

Figure3: Thereflectioncoefficientsandsupportsof 4 differ-
entpixels.Thesizeof each squarerepresentsthesupportand
theintensitythereflectioncoefficient(a non-linearmapping
wasappliedto theintensities).TheupsidedownT represents
theunfoldedhemicube(top; left, back, right).

is squaredandsummedfor the trail supportover all illumi-
nationpatterns.

SquaredError � S��� ∑
j
� Rp 
�� Pj 
 S ��� I � p 
 Pj ��� 2

The summedsquarederror is calculatedover the illumi-
nationpatternsPj for a trial supportSscaledby a reflection
coefficient Rp. I � p 
 Pj � denotesthe observed pixel p lit by
theilluminationpatternPk.

Theuseof a box filter andanaxis-alignedsupportmakes
it possibleto usesummedareatablesontheilluminationpat-
ternswhichsignificantlyspeedupcalculationof thesquared
error.

In figure3 thereflectioncoefficientsandsupportsareplot-
tedfor a numberof differentpixels.Thesizeof thesquares
representsthesizeof thedifferentsupportsandtheintensity
representsthemagnitudeof thereflectioncoefficients.Pixel
A representsa specularsurface.The bright white support
is aroundtheprefectreflecteddirection.Theothersupports
visible for this pixel are lessthen 0.5 percentin intensity
andaredueto noisein the recordedbasisimages.Pixel B
representsa transparentsurface.Onecanclearlyseethetwo
distinctsetsof supportsrepresentingthe influencefrom the
reflection(left) and refraction(right). Pixel C representsa
diffusesurface.All supportsarealmostmaximalin size.The
reasonthattherearealmostnosupportsvisible for theback-
sideis dueto occlusionby themask.Finally, pixel D repre-
sentsa diffusesurfaceat the baseof the glasssphere.The
readercanclearlyseetheeffectsof direct (upperhemicube
side)andindirect illumination (right hemicubeside)dueto
refractionthroughtheglassspherein thedifferentsupports.
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6. Relighting

Oncethe reflectioncoefficientsandsupportsarecalculated
for eachpixel andeachlight patchit is easyto applya new
light mapto thescene.To relight thesceneusinganarbitrary
high-dynamicrangeenvironmentmap,thesupportis evalu-
atedover the new illumination andscaledby the reflection
coefficient, for eachlight patchandfor eachpixel. The re-
sultsfrom thedifferentsupportsaresummedfor eachpixel,
resultingin thetotalobservedradiancefor thatpixel. In case
aboxfilter wasusedover thedifferentsupportsasignificant
speedupcanbe obtainedby usingsummedareatablesfor
thelight-map,becausethesupportsdiffer for eachpixel and
thusfor eachpixel, the illumination patternhasto beevalu-
atedover thesupport.

7. Verification

Differentdegreesof accuracy arepossiblewith theproposed
technique.The discretizationrateof the hemicubeandthe
numberof illumination patternsdirectly influencetheaccu-
racy. In this sectionwe verify theaccuracy. We useanarti-
ficial scenecontaining4 spheres,eachwith differentmate-
rial properties,placedon a diffusesurface(figure4) andlit
by a light mapplacedat the righthandsideof thescene.A
referenceimageof thisscenewasrenderedusingaglobalil-
luminationrenderer(figure4, left picture).Thebasisimages
lit with the illumination patternswere also renderedusing
thesameglobal illumination renderer. Thereflectioncoeffi-
cientsandsupportswerecalculatedwith our methodusing
thesebasisimages.Finally thesamelight mapthatwasused
in thereferenceimagewasusedin therelightingstepof our
technique(figure 4, right image).No differenceis visually
noticeable,soft shadows arereproducedaccurately(figure4
zoom-insonthelefthandside)andglossy/specularreflection
arereproducedwithout visualdifference(figure4 zoom-ins
on the righthandside).The averagerelative error over all
pixel confirmsthevisualverificationandwaslessthan1 per-
cent.Theverificationshows thatour methodcanaccurately
relight diffuse,glossyandspecularmaterials.Soft shadows
arealsoreproducedfaithfully.

8. Discussion

In this sectionwe discusstheimplicationsof our developed
method.Onecanseethattheproposedtechniqueis a super-
setof methodslike the Light Stageandenvironmentmat-
ting. Thediscretizationof the incominglight directionsdi-
rectly mapsto theregularsamplingon a spheresurrounding
thesceneby theLight Stage.TheLight Stageis goodin re-
producingdiffusematerialproperties,but fails for specular
materialsbecausethe coarseangularsamplingis not suffi-
cientto capturethehighfrequency spikesof specularreflec-
tion functions.Illumination patternsto determinea support
arealsousedin environmentmatting.This methodis very
goodin reproducingspecularandtransparentmaterialprop-
erties,becauseit is able to find a single small solid angle

importantfor the reflectionfunction of specularmaterials.
Environmentmattinghowever fails for diffusematerialsbe-
causethe supportwould cover the entirehemisphereanda
singlereflectioncoefficient (combinedwith a simplefilter)
is unableto approximatethereflectionfunctionsufficiently.

A straightforwardcombinationof theLight Stageanden-
vironmentmatting (proposedby Debevec et al.2), wherea
two stepdataacquisitionstagefirst preformsa stepsimular
to theLight Stageandthenasa secondsteppreformsanen-
vironmentmattingstep,wouldonly beableto correctlyhan-
dle diffuseandspecularmaterials.Glossymaterialswould
still be difficult to capturebecausetheir angularfrequency
couldbe too small for theLight Stagebut still be too large
for environmentmattingto representit by asinglereflection
coefficient anda support(anda simplefilter). Using more
complex filters(e.g.orientedGaussianfiltersasproposedby
Chuanget al.1) would minimize this problem,but not com-
pletely solve it. Certainmaterialsarealmostimpossibleto
representby a singlereflectioncoefficient anda filter.

The proposedmethod differs from the straightforward
combinationduefactthatfor eachdiscretepartof incoming
light directionsasupportandareflectioncoefficientarecal-
culated.Glossymaterialscanstill beapproximatedwith sim-
plefilters andwith sufficient accuracy becausethey still can
spanseveral supportsandreflectioncoefficients,but aren’t
boundby thediscretizationrateof the incominglight direc-
tions. Using more complex filters (e.g. elliptical Gaussian
filters) would allow even moreaccurateapproximationsat
the costof extra illumination patterns.The fact that every-
thing is on a per-pixel-basisand that a differentsupportis
possibleperdiscretesetof incominglight directionsmakes
it possibleto useamuchcoarsersubdivisionof theincoming
light directions.

Theproposedmethodcombinesthestrengthsof theLight
Stageandenvironmentmattingin anunifiedframework.The
resultsin section9 show that the methodis indeedable to
captureawiderangeof materialsevenwith alimited number
of photographs.

9. Results

In this sectiontwo results(figure 5 and figure 6) are dis-
cussed.Both imagesshow awoodentoy carplacedonadif-
fusesurface.

Figure5 is relit usinga light maprecordedinsidetheUf-
fizi Galleria,wheremost of the light comesfrom directly
above. The zoom-in on the bumper shows the elongated
glossyhighlight causedby theleft to right orientationof the
illumination in the light map.The zoom-inon the backof
thetoy carclearlyshow therelatively hardshadows caused
by theillumination from above.

Figure6 is relit usingan artificial light map,whereeach
sideof thehemicubeemitsadifferentcolor. Onecanclearly
distinguishthe four sidesof the hemicubein the reflection
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Figure4: A comparisonof a rendered(left) andrelit image (right). Bothusethesamelight mapplacedat therighthandsideof
thescene.

in theglossybumperandthezoom-inon thebackof thecar
shows almostno shadow becausetheradianceemittedfrom
eachsideof thelight mapis approximatelythesame.

To capturethe basisimagesfor thesesceneswe useda
19” Iiyama CRT monitor. We moved this monitor around
for eachsideof the hemicube.By usingonly onemonitor
we avoid subtledifferencesbetweendifferentmonitors.The
photographswererecordedusingaCanonEOSD30camera.
We automatedthe processof capturingand,as mentioned
before,only themonitorhadto movedaround.The record-
ing time wasabout10 hours(of which at least6 hourswere
dueto overheadof the slow speedof the camera).Record-
ing could be spedup by usinga digital video cameraand
usingdifferentF-stopfilters to acquirehigh-dynamicrange
images.

The processingtook 20 hourson an Athlon 1.2Ghzsys-
temwith 512meg ram.Thiscomesdown to approximately1
pixel persecondper200Mhzof cpupower. Sinceeachpixel
canbe processedindependently, it is possibleto subdivide
theprocessingtime amongdifferentcomputerswithout loss
in performance.

Therelightingcanbedonein lessthanaminuteandcould
bedonein real-timeif all reflectioncoefficientsandsupports
would fit in themainmemory(16 
 4 
 NrPixelssupports).

Whenhigh-dynamicrangeenvironmentmapsareof much
largerdynamicrangethantherangeof themonitor, visualar-
tifactsappear. Neighboringpixelscanhave relatively differ-
ent reflectioncoefficientsdueto noisein therecordedhigh-
dynamicrangephotographs,combinethis with large inten-
sities from the environmentmapfor a certainsupport,and
largedifferencesbecomevisiblefor neighboringpixels.This

problemcouldbereducedby applyingnoisereductionfilters
aspreprocessingon eachrecordedbasisimage.

10. Conclusions

In thispaperwedevelopedanew andpracticaltechniquefor
capturingthe reflectancefield of objectsfor a fixed view-
point,but withoutplacingrestrictionsonmaterialproperties
or geometricalcomplexity. The methodscalesvery well in
termsof accuracy versusnumberof basisimages.Higherac-
curacy canbeobtainedby usingmorecomplex filtersand/or
a finer discretization.The practicalimplementationcanbe
donewith off theshelfmaterials.Diffuse,glossyandspecu-
lar materialsarereproducedfaithfully, asaremorecomplex
illuminationeffects(suchascaustics).

A whole new rangeof applicationsis possible:the digi-
tal captureanddisplayof objectswith a mix of diffuseand
specularappearance(e.g. jewelry or sensitive archaeologi-
calobjects),augmentedrealityapplications,(interactive) re-
lighting of fully virtual scenes,...

Futureresearchwill focuson fasterandeasiercapturing
of the reflectancefield, the useof otherprojectiondevices
suchasVR-cavesthat canaccommodatelargerobjects,re-
ducing the numbernecessaryphotographsby using better
patterns(e.g. orientedbox filters), and betteroptimization
procedures.

More results in color can be found at the dedi-
cated web page: http://www.cs.kuleuven.ac.be/� graphics/
CGRG.PUBLICATIONS/ARTO/
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Figure5: A woodentoy car placedon a diffusesurface, relit with a light maprecordedin theUffizi Galleria.
Notetheglossyhighlightandthesoftshadows.

Figure6: A woodentoycar placedon a diffusesurface, relit with anartifical light map.
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