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Abstract

In this report we present a new re-lighting technique that, for a
single viewpoint, accurately captures the reflectance field of real and
virtual objects, without restrictions on their geometrical complexity
or material properties. As a result the objects can be re-lit under
arbitrary lighting conditions. To capture the reflectance field, we
take photographs of an object lit by several lighting patterns on a
surrounding discretized hemicube. The illumination of each pixel
due to emitted radiance from each discrete patch on the hemicube
is approximated by a reflection coefficient and a rectangular sup-
port which are found through an optimization procedure. The dis-
cretization of the hemicube ensures sufficient angular sampling to
capture diffuse material properties. The use of a per patch support
accommodates the small solid angle of a incoming light important
for specular materials. To re-light the object, the target illumina-
tion, a high-dynamic range environment map, is averaged over the
support and multiplied by the reflection coefficient, per pixel and per
discrete patch on the hemicube. The results obtained show accurate
re-lighting of diffuse as well as specular objects.
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Abstract

In this reportwe presenta new re-lighting techniquethat, for a single view-
point, accuratelycaptureghe reflectancdield of realandvirtual objects,without
restrictionson their geometricalcompleity or material properties. As a result
the objectscan be re-lit underarbitrary lighting conditions. To capturethe re-
flectancefield, we take photograph®f anobjectlit by severallighting patternson
asurroundingdiscretizechemicube Theillumination of eachpixel dueto emitted
radiancefrom eachdiscretepatchon the hemicubeis approximatedy a reflec-
tion coeficientandarectangulasupportwhich arefoundthroughanoptimization
procedureThediscretizatiorof the hemicubeensuresuficientangularsampling
to capturediffuse materialproperties.The useof a per patchsupportaccommo-
datesthe small solid angleof a incominglight importantfor speculammaterials.
To re-light the object, the targetillumination, a high-dynamicrangeervironment
map,is averagedover the supportand multiplied by the reflectioncoeficient, per
pixel andper discretepatchon the hemicube.The resultsobtainedshav accurate
re-lighting of diffuseaswell asspeculaobjects.



1 Intr oduction

Image-basede-lighting represents classof techniqueghatapply new lighting con-
ditionsto a scenegivena setof baseimages.Possibleapplicationgangefrom light-
ing designto augmentedeality. Lighting designcan be a tedioustask, since mov-
ing objectsandlight sourceds not alwaysfeasible. Objectscanbe very fragile (e.g.
archaeologicahrtifacts),the illumination is not controllable(e.g. the sunthrougha
sky-window) or an objectis too massve to move around(e.g. a statue). Augmented
reality applicationsare constantlyevolving andpushingthe limits of widely accepted
techniques.Placingreal objectsin virtual environmentsinfluencesthe appearancef
the objects. It is not always possibleto approximatethe desiredillumination at the
momentanobjectis capturede.g.specialeffectsin amovie or computergameswhich
combinerealandvirtual ervironments).

In thisreportwe developare-lightingtechniquehatcombinesstrengthgrom tech-
niguesastheLight Stage[25] andervironmentmatting[1, 14] into asingleframework.
This allows us to capturecomplex geometricalobjectswithout placing restrictions
on materialpropertiesor losing practicalusability To capturethe reflectancdield a
hemicubearoundthe objectis decretizedn severallight patches.Eachpatchemitsa
serief illumination patternsandfor eachpatternahigh-dynamiaangephotograph[B
is recorded Currentlywe usea calibratedCRT monitor perhemicubesideto emitthe
illumination patterns.For eachpixel andfor eachlight patchthe emittedradianceis
thenapproximatedy a reflectioncoeficient anda supportareaon the light patch. A
leastsquareminimization procedureon the pixel radianceover differentlighting pat-
ternsis usedto determinghebestapproximatiorfor the support.To re-lightthe scene
with anarbitraryhigh-dynamicrangelight-map,theillumination on the supportis cal-
culatedand multiplied by the reflectancefactor This is repeatedor eachpixel and
eachlight patch.

Our reportis structuredasfollows: In the next sectionwe discusspreviouswork.
In section3 a mathematicaframework is developed.The developedtechniquds pre-
sentedasathreestepalgorithmin sections, 6 and7. Therelationwith theLight Stage
andernvironmentmattingis furtherexploredin section8. We concludethis reportwith
resultsin section9 andfuturework in section0.

2 PreviousWork

In this sectionwe give an overview of work relatedto imagebasedre-lighting. A
numberof techniquesequiresor reconstruca geometricamodelof the scene Loscos
et. al.[8, 9] reconstructa simplifiedgeometricamodel,approximatesheillumination
andcalculateaun-occludedllumination textureswith an adaptedadiosityalgorithm.
Re-lightingis doneby modifying real andvirtual light intensities. Yu et. al.[12, 13]
focusmainly on recoveringthereflectancgropertiesof materialsby usinganiterative
optimizationprocedureto find parametergo representhe reflectancepropertiesof
surfaces. The obtainedresultsare re-renderedising a global illumination rendering
system Reconstructiomf geometryis advantageousvhenvisualizationfrom multiple
viewpointsis desired,but is a disadwantagewhena sceneconsistout of geometrical



comple objects.

Anotherclassof techniquegircumventsthe problemof complex geometricamod-
elsby directly manipulatingmages Nimeroff et. al.[10] introducedhe concepbf lin-
earlyweightingandcombiningbaseémagesf ascene Thesebaseémagesarerendered
with a numberof lighting conditionsfrom which the desiredfinal lighting canbe con-
structed Wonget. al.[11] basedheir re-lightingmethodon light field rendering[4 6].
By samplingthe scenaunderdifferentviewpointsandillumination anapparenBRDF
for eachsurfacepixelis found. Lin. et. al.[7] defineareflectedrradiancefield, thedual
of alight field, andderive uppersamplingboundsper BRDF to reproduceghemtruth-
fully. TheLight Stage[2 5] usesbaseimagesof a scendit by lights regularly spaced
on a spheresurroundinghe scene.A light-mapis appliedby linearly combiningand
weightingthesebasemagesnto a singleresultingimage.Environmentmatting,orig-
inally introducedby Zongkeret. al.[14] andextendedby Chuanget. al.[1], capturethe
reflectancepropertiesof specularand refractive materialsby illuminating themwith
differentlighting patterns Thedirectionandsolid anglecanbederivedfrom this infor-
mationin the form of areflectioncoeficientanda supporton thebackor side-drops.

3 Mathematical Framework

In this sectionwe develop an unifying mathematicaframework for re-lighting. We
derive the re-lighting equationin subsectior8.1. In subsection8.2, 3.3 and 3.4 we
expressour andotherre-lightingtechniqueswith this re-lightingequation.

We derive aformula, basedon reflectionfields,which we call there-lightingequa-
tion throughoutthis report. With this mathematicaframework, we have a correct
mathematicabasisin which we cansolidly develop our techniqueand cancompare
our methodon amathematicabasiswith othertechniques.

3.1 Re-lighting equation

We useanotationsimularto Debevecet. al.[2]. Thereflectancdield ataclosedsurface
Ais definedasa 8 dimensionafunction:

R=R(R,R{)ZR(Ui,Vi,ei,(ﬂ;Ur,Vr,er,(p() (1)

whereR; representshe incidentlight field at A andR; representshe radiant(ex-
itant) light-field at A. (u,v) is a parameterizatiorof A and (6, ¢) is usedto denote
directions.

We makethefollowing assumptionTheincidentlight field L; (6, ¢) originatesrom
a point at infinity. This allows us to expressthe incidentlight field independenbf
(ui,vi) onA.

Ri(ui,vi,6,@) = Ri(6;,@)

This assumptiomeducegl) to a6 dimensionafunction:



RZRl(ei,(ﬂ;Ur,Vr,er,(p() (2)

Thereflectancdield for afixedcamergositioncanbeexpressedsthereflectance
function Ry througha pixel p of a photograph.The total radiancel. seenthrougha

pixel p:

L(p) = /Q Ro(61,@)Li (81, @)dw )

where Qur representshe entire sphere. We approximateR,(6;, @) by a discrete
sumof reflectioncoeficientsRp ; anda setof normalizedbasisfunctionsS;(6;,®),
eachdefinedover a setof discretizedsolid angles.

Ro(6,9) ~ 3 RpiSi(6,9) (4)
]

andVj : fQ,- Sj(6,9)dw = 1. Combining(3) and (4) we arrive at the re-lighting
equation:

L(p) ~ 5 Rp, /Q Si(6i,@)Li(6i,@)dw =1y (5)
T i

Whel’er Qj = Qun.
The purposeof this reportis to computefor eachpixel the reflectancecoeficients
Rp7] )

3.2 Choiceof the reflectioncoefficientRy j and support Sj(8, @)

The choiceof the reflectioncoeficient Ry, ; andsupportS;(6, ¢) dependson the im-
plementationof a particulartechnique. The choiceof S;(8,¢) is of greatinfluence
on which kind of re-lightingis possible. Whena narrov supportfunctionis chosen,
emphasigs put on spacialsampling. Choosinga variablebut detailedsupport,local
samplingcanbedonein greatdetail.

For Q4 we usea hemicubeand divided eachside in a numberof patchesQ;.
We usefor S;(8,¢) a box-filter on a axis-alignedsupportwithin a patch. A more
complefilter is possible put the resultsobtainedwith a box-filter weregood. If Q’j is
arectangulasupportin Q; then:

1 .
S0 = 5 ifG.9eQ;
J

0 otherwise



andRp, j canbe calculatedby definingLy(i) a constantllumination function for
patchQ;:

I = ZRD,/ Si(6,@)Lw(i)dw
> Rp,jLw(i)
]

Rp,iLw(i)

thus:

Rpi = -2 ©

3.3 TheLight Stage

We show thatthe Light Stagecanbe expressedvith the re-lighting equation(5).De-
bevecet. al. usedthefollowing definition:

L(Xa y) = g Rx,y(e, (p) Li (ea (p)éA(e; (p)

whereL(x,y) is arecordedmage,Ryy is the reflectancefunction througha pixel
(x,y) with incomingdirection (6,@). L;(8,9) the incomingradianceand dA(6,¢) =

sin(o).
Setj andS; (8, ¢) asfollows:

i = {(8j,9) | fixed positionsonthe sphere}
Si(8,9) = 36=86jA0=g)

DefineQ; accordinglyto j andthenthere-lightingequation(5yesultsin:

Ip

3 R / / Si(61,@)Li (81, 8) sin(@)d6;dg

9;,0;

By usingaDiracfunctionasasupportemphasiss putondiscretespatialsampling.
Reflectiondetailsof materialsarelimited by thediscretizatiorof Qg in (6, ).

3.4 Environment matting

We shav thatenvironmentmattingcanbe expressedvith the re-lighting equation(5).
Zongkeret. al. usedthefollowing definition:



C=F+ (1—0()B+2Ri/\4(-riaAi)

whereC is therecordedpixel color, F the foregroundcolor thatthe objectreflects
without applying controlledillumination. a the matteand determineghe coverage
of a pixel by the object. B the backdropcolor seenthroughthe pixel. The number
(m) of illumination textures T, which are usedto display controlledillumination on
theobjectis 3 in the original paper(backandside-drops) R; the reflectioncoeficient
and M(T;,A) is a box filtered supportof anareaA; in T; which determinethe main
directionandsolid angleof visually importantlight for a pixel.

Weignoretheforegroundcolor F, sincewe assumehattheillumination only orig-
inatesfrom infinity andis completelycontrolled.SetQ; = T; andQp,..1 = B. Usingthe
re-lightingequation(5)ve obtain:

m+-1
b = > Roi [ SEL@)LI6,Q)dw

Y e
+ gRP:J/Ts(eiaQ)Li(ei,(n)dw

] i

By choosingS(8, @) asfollows:

| S@.0Li(6.9dw= (T, A)

andsettingAn,1 equalto B anda = 1— Ry my1, We obtain:

lp=(1-a)B+ RpjM(Ti,A)
]

which wasthe equationwe werelooking for. Sincemis low (e.g. 3), emphasiss
puton detailedlocal illumination supportswhich areproficientfor capturingspecular
andtransparenmaterials.

4 Threestepalgorithm

The goal of our re-lighting techniques to captureobjectswithout placingrestriction
on materialpropertiesandto faithfully reproducegheseobjectsunderarbitrarylighting
conditions. In the following threesectionswve discusshe threestagesof our method
build onthe mathematicaframework developedin the previoussection.



Firstly, enoughinput datahasto be acquiredto extractthe reflectanceproperties
for eachpixel for a fixed viewpoint (section5). Oncethe input datais gatheredthe
reflectancepropertiesare calculatedandstoredfor fastre-lighting afterwards(section
6). This processingtepis only doneoncefor eachscene Whenall datais processed,
an arbitrarylight-mapcanbe appliedto the illumination of a sceneg(section7). This
re-lighting can be done an arbitrary numberof timeswith differentlight-mapsand
requiredittle processingime.

5 Data Acquisition

To capturethe reflectancdield, the objectis lit by severallight patchedocatedon a
surroundinghemicube Eachlight patchemitsa seriesof illumination patternsandfor
eachpatterna high dynamicrangephotograph[Bis recorded.

It is importantthatthe recordechigh-dynamicrangephotographsrenot underor
over-saturatedbecausehis might resultin lossof accurag. High intensityaswell as
low intensityradiancdrom theillumination patternsaareimportantfor findingacorrect
supportfor speculamaterials.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-dynamicrangephotographs neededo accuratelycalculatethe reflectance
coeficient for diffuse materials. Low intensity radiancein the input data,doesnot
necessarilymapto low intensityradiancein the re-lit resultandlarge relative errors
(associatedvith thesdow intensityradiancedata)cancausevisualartifacts.

5.1 lllumination Patterns

The illumination patternsare a key elementin our method. From the differentradi-
ancevaluesin the high-dynamicrangephotographsdueto theillumination patterns,
a reflectioncoeficient is calculatedanda supportis searchedhrougha optimization
procedurgsection6). Theideaof usingillumination patterngo find a supporton the
light patchwasintroducedby Zongker et. al.[14] andextendedby Chuanget. al.[1].

Zongker et. al. usedhorizontalandvertical stripesasillumination patternswhile
Chuanget. al. usedGaussiarstimuli. Thesepatternsarenot directly usablefor our
methodbecaus¢hey requirealargeamountof photographso berecordedthisnumber
growsevenmorewhentakenin accounthatwe usehigh-dynamiaangephotographs).
Chuanget. al. alsointroducean approachfor materialswith neutralcolor. A slice
througha RGB-cube(a gradient)is usedandis sufficient for finding the supportonthe
backdrop.

We wantto limit the numberof photographshathave to berecordedthusa maxi-
mum of informationmustbe containedn a singleillumination pattern.Chuanget. al
have shavn thata single gradientis sufficient to capturewhite materialwith just one
photographye extentthis ideato usea numberof differently orientedgradients.The
questiomnow remainingis: which gradientsaandwhich orientations?

Fromformula (6) follows thatthe reflectioncoeficient R, j canbe easilyderived
whena solid illumination patternLy(j) is used.Anotherway to extractthereflection



coeficientis to useinverseillumination patterndor oneor for all gradientillumination

patterns.We definea inverseillumination patternby statingthatthe sumof a pattern
andits inverseequalsa solid constantattern. This sumcanthenbe usedto estimate
Rp,j- Theuseof inversepatternshasadvantagesver a solid pattern,becausét is not

meaningfulto optimizefor a supportoverasolid patternwhile this still is possiblefor

inverseillumination patterns.In practicewe usedboth, but for anothereason.If for

somereasonsomethinggoeswrong during the recordingof the high-dynamicrange
photographsit is possibleto reconstructhe lost photographfrom the solid patternor

its inversepattern.

To make the optimizationproceduranorerobust,afew otherconstraintsareputon
the choiceof gradients.First of all, smoothgradientsare easierto optimizefor. Sec-
ondly, the differencebetweerthe averageillumination of areaswith the sameposition
andsizein differentillumination patternanustbe aslargeaspossible Theideais that
if the differencein appliedillumination is maximized the differencein resultingradi-
anceis alsomaximized.Furthermorehe averageillumination betweerdifferentareas
on the sameillumination patternmustalsobe aslarge aspossible makingit easierto
uniguelyidentify the support§rom eachother

h

-

Figurel: The9 illumination patternused.Thesolid patternis displayedn thecenter Inverse
patternsaredisplayedon oppositesides.

A wide rangeof gradientpatternsarepossible.A choicehasto be madebetween
accurag andthe numberof illumination patterngandthusthe numberof photographs
thathave to be recorded).We have choserfor 4 quadratic(gray-scalegradientseach
differing 90 degreesin orientationandstartingat 45 degrees. We alsouse4 inverse
illumination patternsand 1 solid white pattern(figure 1). Empirical testshov good
resultswith thesepatternsput a slight blurring occursfor speculamaterials.

5.2 Practical Setup

For the practicalsetup we have choserno usea calibratedCRT monitor for eachside
of the hemicube. This choiceis motivatedby the generalavailability andthe large
view angleof CRT monitors. We usea 4 x 4 grid of light patchegperhemicubeside,
which givesgoodresultsin reproducingvariousmaterialpropertiesandrequiresonly
amoderatenumberof high-dynamiaangephotographgfigure 2).



Figure2: Foreachpixel andeachlight patchareflectionfactorandsupportareais calculated.
Our currentsetuplimits monitor placemento 4 sides,excluding the sidewherethe camerais
located. Eachhemicubeside consistof a 4x 4 grid of patchesandwe use9 differentgradient
patterngperpatch.

A calibratedCRT monitoris used becauseve wantto optimizeonradiancevalues.
An approaclsimularto Chuanget. al.[1] is usedfor themonitorcalibration.A calibra-
tion pattern(figure 3) containingall possiblegray-scaleixel-valuesis displayedand
ahigh-dynamiaangephotographs recorded.Theradiancevaluesper pixel-valueare
extractedandthe inversemappingfrom radiancevalueto pixel-valueis appliedon the
illumination patterns Theresultingemittedradiances now accordingo our quadratic
gradientpattern.

Figure 3:  Monitor calibrationpattern. A high-dynamicrangephotographis recordedand
samplesper gray-scalepixel-value are taken at three differentlocation 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,
excludingthe sidewherethe cameras located. We usea single CRT monitor, which
is movedaroundfor eachhemicubeside. The placemenbf the CRT monitorhasto be
carefullymeasuredGapsbetweerlight patchestthebordersresultin visible artifacts
in theresults.



6 Processingof the input data

Oncethe high-dynamicrangephotographarerecordedthe reflectancecoeficient is
calculatedandsupportis searchedhroughanoptimizationproceduregper pixel andper
light-patch.

Thereflectancecoeficient Rp j canbe directly calculatedrom the recordedradi-
ancevaluesof theillumination from a solid patternor the combinationof illumination
patternsaandtheir inversepatterns.

A least-squarechinimizationper pixel andperlight patchQ; is usedto optimize
thesupport.Theleast-squaredrroris definedby (usingthe notationfrom section3):

Errorg () = 3 (R, Si6,@)Li (6 @)do= Li(p)?

wherek is thenumberof patternsve optimizeonandLy(p) istherecordedadiance
atpixel p illuminatedwith L;, (6, ¢), theincomingradiancefrom patternk. We usea
steepestlescenbptimizationalgorithmper pixel andper patch:

Al gorithm 1:

1) Select an initial support
2) Calculate the | east-squared error
3) while not nininzed
a) Test all (80) expansion possibilities of the support
b) Calcul ate | east-squared errors and sel ect m nimum error
c) if mninumerror < error then update support
else minimzed = true

The80possibleexpansiorareobtainedy moving asideof theaxisalignedsupport
1 stepto bothdirections.Combiningthis for 2, 3 and4 sidesresultsin 80 possibilities.

The algorithmcanbe optimizedby usinga Leventurg-Marquardioptimizationor
alternatvely, insteadof on expandingthe supportl pixel in the illumination pattern,
alsoexpandx pixels(e.g.5% of thetotal sizeof the pattern) this helpsspeedingip the
optimizationprocessaandavoiding smalllocal minima.

The choiceof theinitial supportQ’J- is doneasfollows: if the differencein pixel-
valuewith thepreviouspixelis lessthenacertainthresholdthesupporiof theprevious
pixel is used,otherwisethe entirelight patchis setasinitial support. The ideais that
simularneighboringpixelsprobablyhave the samematerialpropertiesandthushave a
simularsupport.
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Figure4: We plottedthe4 sidesof the hemicubefor 4 differentpixels. At eachhemicubeside
the differentoptimizedsupportsareshavn. (the plot perhemicubes organizedasfollows: up;
left, back,right)

ThereflectanceoeficientRp j andthesupportQ; (figure4) arestoredon disk for
re-lighting afterwards. A per pixel or per scanlinecompressioris possibleto reduce
storageequirements.

7 Re-lighting

To re-lightthe scenausinganarbitraryhigh-dynamiaangeervironmentmap,theillu-
minationis averagedover the supportand multiplied by the reflectioncoeficient, for
eachpixel andfor eachpatch.

8 Discussion

Dueto the subdvision of the hemicuban light patchesdiffusematerialsarecaptured
correctly However, this subdvisionis too coarseor correctlycapturingspeculahigh-
lights. The useof of illumination patternsmakesit possibleto find sub-patchareas
which are neededto simulatethe small solid anglerequiredfor specularmaterials.
This approacttombineghe strengthf the Light Stageandervironmentmatting.

In section3.3and3.4we shavedthatboththeLight Stageandervironmentmatting
canbederivedfrom there-lightingequation(formula(5)).

The subdvision of the hemicubematcheghe fixed positionof light sourceon the
spherein the Light Stage(the sumin formula(5)). This limited angularresolutionis
sufficientto capturediffusematerialsandreproduceghemfaithfully. The useof a sup-
port (the integral in formula(5))directly mapsto environmentmattingandenableaus
to find small areason the environmentthat matcheshe small solid angleneededor
speculamaterials. While eachtechniquethe Light Stageand ervironmentmatting,
fail to reproduceespectiely speculaanddiffusematerials pour methodcleverly com-
binesthe strengthf eachtechniqueandis ableto re-light speculamswell asdiffuse
materials.

11



9 Results

Theresultsshov two scenesOne containinga Venetianmaskanda decoratve glass
sphereand a diffuse coloredsurface. The otherscenedisplaysa glossywoodencar
on a diffuse surface. Eachsceneis re-lit with 4 differentenvironmentmaps. The
scenawith the Venetiarmaskshavs theaccuratecapturingandreproductiorof diffuse
materials(surface),specularandtransparenmaterials(glasssphereand pearlon top
of themask)andcausticqin the baseof theglasssphere).The scenewith thewooden
carshavs glossyhighlights(the roundcurves)andsoft shadevs (on the surfacebelow
thewoodencar).

We recordedthesesceneausinga 19” liyama CRT monitor for eachside of the
hemicube.The photographsvererecordedusinga CanonEOSD30 camera.We au-
tomatedthe processof capturingand only the CRT monitor hadto be moved. The
recordingtime was about10 hours(of which at least6 hourswere overheaddueto
the slow speedof the camera).Recordingcould be donein a matterof minuteswhen
usinga synchronizedligital video cameraanddifferentF-stopfilters to acquirehigh-
dynamicrangeimages.

The processindastedfor 20 hourson a Athlon 1.2Ghrzsystemwith 512mey ram.
This processingime canbe divided amongdifferentcomputersystemsecausesach
patchandeachpixel canbe processedhdependentiypf eachother

We verified the resultson a virtual sceneby renderingthe sceneilluminatedwith
the targetillumination andcomparingit with there-lit result. The resultsshoved the
samevisualfeatures A slightblurring occurswhenhighly speculamaterialsareused,
but this is mainly becauseof the choiceof illumination patterns.A choicehasto be
madebetweerrecordingtime andreproductiorguality.

When high-dynamicrangeervironmentmapsare usedas light map that are of
muchlarger dynamicrangethenthe recordednput data,visual artifactsappear This
is causedy noisein the recordedchigh-dynamicrangephotograph&ndoptimization
errorsaugmentedo visuallevels.

10 Conclusions

We developeda mathematicaframework in which we derived the re-lighting equa-
tion. Using this mathematicaframeavork we developeda new re-lighting technique.
This techniques suitedfor capturinga reflectancdield of objects,from a singleview
point, consistingof any materialpropertyandwith complex geometry This methods
is practicallyusableandis ableto capturediffuseandspeculamaterial,causticsand
transpareninaterials.

A whole new rangeof applicationsis possible:the digital captureand display of
objectswith a mix of diffuse and specularappearancée.g. jewelry or sensitve ar-
chaeologicabbjects),augmentedeality applications(interactive) re-lighting of fully
virtual scenes,..

Futureresearchwill focusonfasterandeasiercapturingof thereflectancdield, the
useof otherprojectiondevicessuchasVR-cavesthatcanaccommodatéargerobjects

12



and reducingthe numbernecessarphotographdy using betterpatternsand better
optimizationprocedures.
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Figure6: A Venetianmaskwith glasssphereandwoodencarlit by a environmentmap
of abeach.

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

Figure8: A Venetianmaskwith glassspherelit by an environmentmap of a building
with a glassceiling anda woodencar lit by an ervironmentmaprecordedat
theparkingspaceoutsideour office.
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