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Abstract

In this reportwe presenta new re-lighting techniquethat, for a singleview-
point, accuratelycapturesthereflectancefield of realandvirtual objects,without
restrictionson their geometricalcomplexity or materialproperties. As a result
the objectscan be re-lit underarbitrary lighting conditions. To capturethe re-
flectancefield, we take photographsof anobjectlit by several lighting patternson
asurroundingdiscretizedhemicube.Theilluminationof eachpixel dueto emitted
radiancefrom eachdiscretepatchon the hemicubeis approximatedby a reflec-
tion coefficientandarectangularsupportwhicharefoundthroughanoptimization
procedure.Thediscretizationof thehemicubeensuressufficient angularsampling
to capturediffusematerialproperties.The useof a per patchsupportaccommo-
datesthe small solid angleof a incoming light importantfor specularmaterials.
To re-light theobject,the target illumination, a high-dynamicrangeenvironment
map,is averagedover thesupportandmultiplied by thereflectioncoefficient, per
pixel andperdiscretepatchon thehemicube.Theresultsobtainedshow accurate
re-lightingof diffuseaswell asspecularobjects.
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1 Intr oduction

Image-basedre-lighting representsa classof techniquesthatapplynew lighting con-
ditions to a scene,givena setof baseimages.Possibleapplicationsrangefrom light-
ing designto augmentedreality. Lighting designcan be a tedioustask, sincemov-
ing objectsandlight sourcesis not alwaysfeasible.Objectscanbe very fragile (e.g.
archaeologicalartifacts),the illumination is not controllable(e.g. the sunthrougha
sky-window) or an objectis too massive to move around(e.g. a statue).Augmented
reality applicationsareconstantlyevolving andpushingthe limits of widely accepted
techniques.Placingreal objectsin virtual environmentsinfluencesthe appearanceof
the objects. It is not alwayspossibleto approximatethe desiredillumination at the
momentanobjectis captured(e.g.specialeffectsin amovie or computergameswhich
combinerealandvirtual environments).

In thisreportwedevelopare-lightingtechniquethatcombinesstrengthsfrom tech-
niquesastheLight Stage[2, 5] andenvironmentmatting[1, 14] intoasingleframework.
This allows us to capturecomplex geometricalobjectswithout placing restrictions
on materialpropertiesor losing practicalusability. To capturethe reflectancefield a
hemicubearoundtheobjectis decretizedin several light patches.Eachpatchemitsa
seriesof illuminationpatternsandfor eachpatternahigh-dynamicrangephotograph[3]
is recorded.Currentlywe usea calibratedCRT monitorperhemicubesideto emit the
illumination patterns.For eachpixel andfor eachlight patchthe emittedradianceis
thenapproximatedby a reflectioncoefficient anda supportareaon the light patch.A
leastsquareminimizationprocedureon thepixel radianceover differentlighting pat-
ternsis usedto determinethebestapproximationfor thesupport.To re-light thescene
with anarbitraryhigh-dynamicrangelight-map,theilluminationon thesupportis cal-
culatedandmultiplied by the reflectancefactor. This is repeatedfor eachpixel and
eachlight patch.

Our reportis structuredasfollows: In thenext sectionwe discusspreviouswork.
In section3 a mathematicalframework is developed.Thedevelopedtechniqueis pre-
sentedasathreestepalgorithmin sections5,6 and7. Therelationwith theLight Stage
andenvironmentmattingis furtherexploredin section8. We concludethis reportwith
resultsin section9 andfuturework in section10.

2 Previous Work

In this sectionwe give an overview of work relatedto imagebasedre-lighting. A
numberof techniquesrequiresor reconstructageometricalmodelof thescene.Loscos
et. al.[8, 9] reconstructsasimplifiedgeometricalmodel,approximatestheillumination
andcalculatesun-occludedillumination textureswith anadaptedradiosityalgorithm.
Re-lightingis doneby modifying real andvirtual light intensities.Yu et. al.[12, 13]
focusmainlyon recoveringthereflectancepropertiesof materialsby usinganiterative
optimizationprocedureto find parametersto representthe reflectancepropertiesof
surfaces. The obtainedresultsarere-renderedusinga global illumination rendering
system.Reconstructionof geometryis advantageouswhenvisualizationfrom multiple
viewpoints is desired,but is a disadvantagewhena sceneconsistout of geometrical
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complex objects.
Anotherclassof techniquescircumventstheproblemof complex geometricalmod-

elsby directlymanipulatingimages.Nimeroff et. al.[10] introducedtheconceptof lin-
earlyweightingandcombiningbaseimagesof ascene.Thesebaseimagesarerendered
with a numberof lighting conditionsfrom which thedesiredfinal lighting canbecon-
structed.Wonget. al.[11] basedtheir re-lightingmethodon light field rendering[4, 6].
By samplingthesceneunderdifferentviewpointsandillumination anapparentBRDF
for eachsurfacepixel is found.Lin. et. al.[7] defineareflectedirradiancefield, thedual
of a light field, andderive uppersamplingboundsperBRDF to reproducethemtruth-
fully. TheLight Stage[2, 5] usesbaseimagesof a scenelit by lights regularly spaced
on a spheresurroundingthescene.A light-mapis appliedby linearly combiningand
weightingthesebaseimagesinto a singleresultingimage.Environmentmatting,orig-
inally introducedby Zongkeret. al.[14] andextendedby Chuanget. al.[1], capturethe
reflectancepropertiesof specularandrefractive materialsby illuminating themwith
differentlighting patterns.Thedirectionandsolidanglecanbederivedfrom this infor-
mationin theform of a reflectioncoefficientanda supporton thebackor side-drops.

3 Mathematical Framework

In this sectionwe develop an unifying mathematicalframework for re-lighting. We
derive the re-lighting equationin subsection3.1. In subsections3.2, 3.3 and3.4 we
expressour andotherre-lightingtechniqueswith this re-lightingequation.

We derivea formula,basedon reflectionfields,which wecall there-lightingequa-
tion throughoutthis report. With this mathematicalframework, we have a correct
mathematicalbasisin which we cansolidly develop our techniqueandcancompare
ourmethodon amathematicalbasiswith othertechniques.

3.1 Re-lighting equation

Weuseanotationsimularto Debevecet. al.[2]. Thereflectancefield ataclosedsurface
A is definedasa 8 dimensionalfunction:

R B R C Ri D Rr E B R C ui D vi D θi D φi;ur D vr D θr D φr E (1)

whereRi representsthe incidentlight field at A andRr representsthe radiant(ex-
itant) light-field at A. C u D v E is a parameterizationof A and C θ D φ E is usedto denote
directions.

Wemakethefollowingassumption:Theincidentlight field Li C θ D φ E originatesfrom
a point at infinity. This allows us to expressthe incident light field independentofC ui D vi E on A.

Ri C ui D vi D θi D φi E B Ri C θi D φi E
This assumptionreduces(1) to a6 dimensionalfunction:
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R B R FGC θi D φi;ur D vr D θr D φr E (2)

Thereflectancefield for afixedcamerapositioncanbeexpressedasthereflectance
function Rp througha pixel p of a photograph.The total radianceL seenthrougha
pixel p:

L C p E BIH
Ω4π

Rp C θi D φi E Li C θi D φi E dω (3)

whereΩ4π representsthe entiresphere.We approximateRp C θi D φi E by a discrete
sumof reflectioncoefficientsRp J j anda setof normalizedbasisfunctionsS j C θi D φi E ,
eachdefinedoverasetof discretizedsolid angles.

Rp C θ D φ E"K ∑
j

Rp J jS j C θ D φ E (4)

and L j : M Ω j
S j C θ D φ E dω B 1. Combining(3) and(4) we arrive at the re-lighting

equation:

L C p E"K ∑
j

Rp J j H
Ω j

S j C θi D φi E Li C θi D φi E dω B Ip (5)

where N j Ω j B Ω4π.
Thepurposeof this reportis to computefor eachpixel thereflectancecoefficients

Rp J j.
3.2 Choiceof the reflectioncoefficientRp O j and support S j P θ Q φ R
The choiceof the reflectioncoefficient Rp J j andsupportS j C θ D φ E dependson the im-
plementationof a particulartechnique. The choiceof S j C θ D φ E is of great influence
on which kind of re-lighting is possible.Whena narrow supportfunction is chosen,
emphasisis put on spacialsampling. Choosinga variablebut detailedsupport,local
samplingcanbedonein greatdetail.

For Ω4π we usea hemicubeand divided eachside in a numberof patchesΩ j.
We usefor S j C θ D φ E a box-filter on a axis-alignedsupportwithin a patch. A more
complex filter is possible,but theresultsobtainedwith a box-filter weregood.If Ω F j is
a rectangularsupportin Ω j then:

S j C θ D φ E B 1
Ω F j i f C θ D φ E>S Ω F j

B 0 otherwise
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andRp J j canbe calculatedby definingLw C i E a constantillumination function for
patchΩi:

Ipi B ∑
j

Rp J j H
Ω j

S j C θ D φ E Lw C i E dω

B ∑
j

Rp J jLw C i E
B Rp J iLw C i E

thus:

Rp J i B Ipi

Lw C i E (6)

3.3 The Light Stage

We show that the Light Stagecanbe expressedwith the re-lightingequation(5).De-
bevecet. al. usedthefollowing definition:

L C x D y E B ∑
θ J φ Rx J y C θ D φ E Li C θ D φ E δA C θ D φ E

whereL C x D y E is a recordedimage,Rx J y is the reflectancefunction througha pixelC x D y E with incomingdirection C θ D φ E . Li C θ D φ E the incomingradianceandδA C θ D φ E B
sinC φ E .

Set j andS j C θ D φ E asfollows:

j B TUC θ j D φ j E4V f ixed positions on the sphere W
S j C θ D φ E B δ C θ B θ j X φ B φ j E

DefineΩ j accordinglyto j andthenthere-lightingequation(5)resultsin:

Ip B ∑
j

Rp J j HYH
Ω j

S j C θi D φi E Li C θi D φi E sinC φi E dθidφi

B ∑
θ j J φ j

Rp J θ j J φ j Li C θ j D φ j E sinC φ j E
By usingaDiracfunctionasasupport,emphasisis putondiscretespatialsampling.

Reflectiondetailsof materialsarelimited by thediscretizationof Ω4π in C θ D φ E .
3.4 Envir onment matting

We show thatenvironmentmattingcanbeexpressedwith the re-lightingequation(5).
Zongkeret. al. usedthefollowing definition:
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C B F Z[C 1 \ α E B Z m

∑
i ] 1Ri ^ C Ti D Ai E

whereC is therecordedpixel color, F theforegroundcolor that theobjectreflects
without applying controlledillumination. α the matteand determinesthe coverage
of a pixel by the object. B the backdropcolor seenthroughthe pixel. The number
(m) of illumination texturesTi which are usedto display controlledillumination on
theobjectis 3 in theoriginal paper(backandside-drops).Ri thereflectioncoefficient
and ^ C Ti D Ai E is a box filtered supportof an areaAi in Ti which determinethe main
directionandsolid angleof visually importantlight for apixel.

We ignoretheforegroundcolorF , sinceweassumethattheilluminationonly orig-
inatesfrom infinity andis completelycontrolled.SetΩi B Ti andΩm _ 1 B B. Usingthe
re-lightingequation(5)we obtain:

Ip B m _ 1
∑

j
Rp J j H

Ω j

S C θi D φi E Li C θi D φi E dω

B Rp Jm _ 1 H
B

S C θi D φi E Li C θi D φi E dω

Z m

∑
j

Rp J j H
Ti

S C θi D φi E Li C θi D φi E dω

By choosingS C θ D φ E asfollows:

H
Ti

S C θ D φ E Li C θ D φ E dω B ^ C Ti D Ai E
andsettingAm _ 1 equalto B andα B 1 \ Rp Jm _ 1, we obtain:

Ip B`C 1 \ α E B Z m

∑
j

Rp J j ^ C Ti D Ai E
which wastheequationwe werelooking for. Sincem is low (e.g. 3), emphasisis

put on detailedlocal illumination supports,which areproficientfor capturingspecular
andtransparentmaterials.

4 Thr eestepalgorithm

Thegoal of our re-lighting techniqueis to captureobjectswithout placingrestriction
onmaterialpropertiesandto faithfully reproducetheseobjectsunderarbitrarylighting
conditions.In the following threesectionswe discussthe threestagesof our method
build on themathematicalframework developedin theprevioussection.
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Firstly, enoughinput datahasto be acquiredto extract the reflectanceproperties
for eachpixel for a fixed viewpoint (section5). Oncethe input datais gathered,the
reflectancepropertiesarecalculatedandstoredfor fastre-lightingafterwards(section
6). This processingstepis only doneoncefor eachscene.Whenall datais processed,
an arbitrarylight-mapcanbe appliedto the illumination of a scene(section7). This
re-lighting can be donean arbitrary numberof times with different light-mapsand
requireslittle processingtime.

5 Data Acquisition

To capturethe reflectancefield, the object is lit by several light patcheslocatedon a
surroundinghemicube.Eachlight patchemitsaseriesof illuminationpatterns,andfor
eachpatterna highdynamicrangephotograph[3] is recorded.

It is importantthat therecordedhigh-dynamicrangephotographsarenot underor
over-saturated,becausethis might resultin lossof accuracy. High intensityaswell as
low intensityradiancefrom theilluminationpatternsareimportantfor findingacorrect
supportfor specularmaterials.Every emittedradiancevalueresultsin extra informa-
tion regardingthe reflectancepropertiesof a pixel. Sincea low numberof patterns
is used,this information must be maximized. Low intensity radiancein the result-
ing high-dynamicrangephotographis neededto accuratelycalculatethe reflectance
coefficient for diffusematerials. Low intensity radiancein the input data,doesnot
necessarilymapto low intensity radiancein the re-lit resultandlarge relative errors
(associatedwith theselow intensityradiancedata)cancausevisualartifacts.

5.1 Illumination Patterns

The illumination patternsarea key elementin our method. From the differentradi-
ancevaluesin the high-dynamicrangephotographs,dueto the illumination patterns,
a reflectioncoefficient is calculatedanda supportis searchedthrougha optimization
procedure(section6). Theideaof usingillumination patternsto find a supporton the
light patchwasintroducedby Zongkeret. al.[14] andextendedby Chuanget. al.[1].

Zongker et. al. usedhorizontalandverticalstripesasillumination patterns,while
Chuanget. al. usedGaussianstimuli. Thesepatternsarenot directly usablefor our
methodbecausethey requirealargeamountof photographsto berecorded(thisnumber
growsevenmorewhentakenin accountthatweusehigh-dynamicrangephotographs).
Chuanget. al. also introducean approachfor materialswith neutralcolor. A slice
throughaRGB-cube(agradient)is usedandis sufficient for findingthesupporton the
backdrop.

We wantto limit thenumberof photographsthathave to berecorded,thusamaxi-
mumof informationmustbecontainedin a singleillumination pattern.Chuanget. al
have shown thata singlegradientis sufficient to capturewhite materialwith just one
photograph,we extentthis ideato usea numberof differentlyorientedgradients.The
questionnow remainingis: which gradientsandwhich orientations?

Fromformula (6) follows that the reflectioncoefficient Rp J j canbeeasilyderived
whena solid illumination patternLw C j E is used.Anotherway to extract thereflection
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coefficientis to useinverseilluminationpatternsfor oneor for all gradientillumination
patterns.We definea inverseillumination patternby statingthat thesumof a pattern
andits inverseequalsa solid constantpattern.This sumcanthenbeusedto estimate
Rp J j. Theuseof inversepatternshasadvantagesover a solid pattern,becauseit is not
meaningfulto optimizefor asupportoverasolidpattern,while thisstill is possiblefor
inverseillumination patterns.In practicewe usedboth,but for anotherreason.If for
somereasonsomethinggoeswrong during the recordingof the high-dynamicrange
photographs,it is possibleto reconstructthe lost photographfrom thesolid patternor
its inversepattern.

To maketheoptimizationproceduremorerobust,a few otherconstraintsareputon
thechoiceof gradients.First of all, smoothgradientsareeasierto optimizefor. Sec-
ondly, thedifferencebetweentheaverageillumination of areaswith thesameposition
andsizein differentilluminationpatternsmustbeaslargeaspossible.Theideais that
if thedifferencein appliedillumination is maximized,thedifferencein resultingradi-
anceis alsomaximized.Furthermoretheaverageillumination betweendifferentareas
on thesameillumination patternmustalsobeaslargeaspossible,makingit easierto
uniquelyidentify thesupportsfrom eachother.

Figure1: The9 illuminationpatternused.Thesolidpatternis displayedin thecenter. Inverse
patternsaredisplayedonoppositesides.

A wide rangeof gradientpatternsarepossible.A choicehasto bemadebetween
accuracy andthenumberof illuminationpatterns(andthusthenumberof photographs
thathave to berecorded).We have chosenfor 4 quadratic(gray-scale)gradientseach
differing 90 degreesin orientationandstartingat 45 degrees.We alsouse4 inverse
illumination patternsand1 solid white pattern(figure 1). Empirical testshow good
resultswith thesepatterns,but aslightblurring occursfor specularmaterials.

5.2 Practical Setup

For thepracticalsetup,we have chosento usea calibratedCRT monitor for eachside
of the hemicube. This choiceis motivatedby the generalavailability and the large
view angleof CRT monitors.We usea 4 a 4 grid of light patchesperhemicubeside,
which givesgoodresultsin reproducingvariousmaterialpropertiesandrequiresonly
amoderatenumberof high-dynamicrangephotographs(figure2).
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Figure2: For eachpixel andeachlight patcha reflectionfactorandsupportareais calculated.
Our currentsetuplimits monitor placementto 4 sides,excluding the sidewherethe camerais
located.Eachhemicubesideconsistof a 4 e 4 grid of patchesandwe use9 differentgradient
patternsperpatch.

A calibratedCRT monitoris used,becausewewantto optimizeonradiancevalues.
An approachsimularto Chuanget. al.[1] is usedfor themonitorcalibration.A calibra-
tion pattern(figure3) containingall possiblegray-scalepixel-valuesis displayedand
a high-dynamicrangephotographis recorded.Theradiancevaluesperpixel-valueare
extractedandtheinversemappingfrom radiancevalueto pixel-valueis appliedon the
illuminationpatterns.Theresultingemittedradianceis now accordingto ourquadratic
gradientpattern.

Figure 3: Monitor calibrationpattern. A high-dynamicrangephotographis recordedand
samplesper gray-scalepixel-value are taken at threedifferent location on the screento limit
the effects of noise. The radiancevalue per gray-scalevalue is extractedfrom the recorded
photograph.

The useof a CRT monitor limits monitor placementto 4 sidesof a hemicube,
excludingthesidewherethecamerais located.We usea singleCRT monitor, which
is movedaroundfor eachhemicubeside.Theplacementof theCRT monitorhasto be
carefullymeasured.Gapsbetweenlight patchesat thebordersresultin visibleartifacts
in theresults.
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6 Processingof the input data

Oncethe high-dynamicrangephotographsarerecorded,the reflectancecoefficient is
calculatedandsupportis searchedthroughanoptimizationprocedureperpixel andper
light-patch.

The reflectancecoefficient Rp J j canbedirectly calculatedfrom therecordedradi-
ancevaluesof theillumination from asolid patternor thecombinationof illumination
patternsandtheir inversepatterns.

A least-squaredminimizationperpixel andper light patchΩ j is usedto optimize
thesupport.Theleast-squarederroris definedby (usingthenotationfrom section3):

ErrorΩ j C p E B ∑
k

C Rp J j H
Ω j

S j C θi D φi E Lik C θi D φi E dω \ Lk C p EfE 2
wherek is thenumberof patternsweoptimizeonandLk C p E is therecordedradiance

at pixel p illuminatedwith Lik C θ D φ E , the incomingradiancefrom patternk. We usea
steepestdescentoptimizationalgorithmperpixel andperpatch:

Algorithm 1:

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

a) Test all (80) 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

The80possibleexpansionareobtainedby movingasideof theaxisalignedsupport
1 stepto bothdirections.Combiningthis for 2, 3 and4 sidesresultsin 80possibilities.

Thealgorithmcanbeoptimizedby usinga Levenburg-Marquardtoptimizationor
alternatively, insteadof on expandingthe support1 pixel in the illumination pattern,
alsoexpandx pixels(e.g.5%of thetotalsizeof thepattern),thishelpsspeedingupthe
optimizationprocessandavoidingsmalllocalminima.

Thechoiceof the initial supportΩ F j is doneasfollows: if thedifferencein pixel-
valuewith thepreviouspixel is lessthenacertainthreshold,thesupportof theprevious
pixel is used,otherwisetheentirelight patchis setasinitial support.The ideais that
simularneighboringpixelsprobablyhavethesamematerialpropertiesandthushavea
simularsupport.
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Figure4: We plottedthe4 sidesof thehemicubefor 4 differentpixels.At eachhemicubeside
thedifferentoptimizedsupportsareshown. (theplot perhemicubeis organizedasfollows: up;
left, back,right)

ThereflectancecoefficientRp J j andthesupportΩ F j (figure4) arestoredondisk for
re-lighting afterwards. A per pixel or per scanlinecompressionis possibleto reduce
storagerequirements.

7 Re-lighting

To re-light thesceneusinganarbitraryhigh-dynamicrangeenvironmentmap,theillu-
minationis averagedover the supportandmultiplied by the reflectioncoefficient, for
eachpixel andfor eachpatch.

8 Discussion

Dueto thesubdivision of thehemicubein light patches,diffusematerialsarecaptured
correctly. However, thissubdivisionis toocoarsefor correctlycapturingspecularhigh-
lights. The useof of illumination patternsmakesit possibleto find sub-patchareas
which are neededto simulatethe small solid anglerequiredfor specularmaterials.
Thisapproachcombinesthestrengthsof theLight Stageandenvironmentmatting.

In section3.3and3.4weshowedthatboththeLight Stageandenvironmentmatting
canbederivedfrom there-lightingequation(formula(5)).

Thesubdivision of thehemicubematchesthefixedpositionof light sourceon the
spherein the Light Stage(the sumin formula(5)). This limited angularresolutionis
sufficient to capturediffusematerialsandreproducethemfaithfully. Theuseof a sup-
port (the integral in formula(5))directly mapsto environmentmattingandenablesus
to find small areason the environmentthat matchesthe small solid angleneededfor
specularmaterials.While eachtechnique,the Light Stageandenvironmentmatting,
fail to reproducerespectively specularanddiffusematerials,ourmethodcleverly com-
binesthestrengthsof eachtechniqueandis ableto re-light specularaswell asdiffuse
materials.
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9 Results

Theresultsshow two scenes.Onecontaininga Venetianmaskanda decorative glass
sphereanda diffusecoloredsurface. The otherscenedisplaysa glossywoodencar
on a diffuse surface. Eachsceneis re-lit with 4 different environmentmaps. The
scenewith theVenetianmaskshowstheaccuratecapturingandreproductionof diffuse
materials(surface),specularandtransparentmaterials(glasssphereandpearlon top
of themask)andcaustics(in thebaseof theglasssphere).Thescenewith thewooden
carshowsglossyhighlights(theroundcurves)andsoft shadows(on thesurfacebelow
thewoodencar).

We recordedthesescenesusinga 19” Iiyama CRT monitor for eachsideof the
hemicube.Thephotographswererecordedusinga CanonEOSD30 camera.We au-
tomatedthe processof capturingandonly the CRT monitor had to be moved. The
recordingtime wasabout10 hours(of which at least6 hourswereoverheaddueto
theslow speedof thecamera).Recordingcouldbedonein a matterof minuteswhen
usinga synchronizeddigital videocameraanddifferentF-stopfilters to acquirehigh-
dynamicrangeimages.

Theprocessinglastedfor 20 hourson a Athlon 1.2Ghrzsystemwith 512meg ram.
This processingtime canbedividedamongdifferentcomputersystemsbecauseeach
patchandeachpixel canbeprocessedindependentlyof eachother.

We verifiedthe resultson a virtual sceneby renderingthe sceneilluminatedwith
the target illumination andcomparingit with the re-lit result. The resultsshowed the
samevisualfeatures.A slightblurringoccurswhenhighly specularmaterialsareused,
but this is mainly becauseof the choiceof illumination patterns.A choicehasto be
madebetweenrecordingtimeandreproductionquality.

When high-dynamicrangeenvironmentmapsare usedas light map that are of
muchlargerdynamicrangethentherecordedinput data,visualartifactsappear. This
is causedby noisein the recordedhigh-dynamicrangephotographsandoptimization
errorsaugmentedto visual levels.

10 Conclusions

We developeda mathematicalframework in which we derived the re-lighting equa-
tion. Using this mathematicalframework we developeda new re-lighting technique.
This techniqueis suitedfor capturinga reflectancefield of objects,from a singleview
point, consistingof any materialpropertyandwith complex geometry. This methods
is practicallyusableandis ableto capturediffuseandspecularmaterial,causticsand
transparentmaterials.

A whole new rangeof applicationsis possible:the digital captureanddisplayof
objectswith a mix of diffuseandspecularappearance(e.g. jewelry or sensitive ar-
chaeologicalobjects),augmentedreality applications,(interactive) re-lightingof fully
virtual scenes,...

Futureresearchwill focusonfasterandeasiercapturingof thereflectancefield, the
useof otherprojectiondevicessuchasVR-cavesthatcanaccommodatelargerobjects
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and reducingthe numbernecessaryphotographsby using betterpatternsand better
optimizationprocedures.
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Figure5: A Venetianmaskwith glasssphereandwoodencarlit by avirtual environment
map.

Figure6: A Venetianmaskwith glasssphereandwoodencarlit by a environmentmap
of a beach.

Figure7: A Venetianmaskwith glasssphereandwoodencarlit by a environmentmap
of theuffizi galleria.

Figure8: A Venetianmaskwith glassspherelit by an environmentmapof a building
with a glassceiling anda woodencar lit by anenvironmentmaprecordedat
theparkingspaceoutsideour office.
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