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Abstract

We presenthe Free-formLight Stage, a systenthat captuesthereflectancdield of an objectusinga free-meing,
hand-heldight souce By photgraphingthe objectunderdifferentillumination conditionsweare ableto render
the objectunderanylighting condition,usinga linear combinationof basisimages.During the dataacquisition,
thelight sourceis movedfreelyaroundtheobjectandhencefor ead picture, theilluminantdirectionis unknown.
Thisdirectionis estimatecautomaticallyfromtheimages.Althoughthereflectancdield is samplechon-uniformly
appropriateweightingcoeficientsare calculated Usingthis systemweare ableto relight objectsin a corvincing
andrealisticway.

Catgyoriesand SubjectDescriptors(accordingto ACM CCS) 1.2.10 [Artificial Intelligence]: Vision and scene
Understanding.3.7 [ComputerGraphics]:ThreedimensionalGraphicsandRealisml.4.1 [Imageprocessingnd

ComputenVision]: Digitization andimageCapture

1. Introduction

Relightingof objectsor scenesiasbecomeanimportantre-
searchtopic overrecentyears Applicationsrangefrom real-
time globalillumination andlighting designto mixedreality
wherereal andvirtual objectsarecombinedwith consistent
illumination.

In this paperwe presenthe Free-formLight Stageasys-
tem that capturesthe reflectancdield of an objectusinga
free-mwing, hand-heldight source Thereflectancdield of
anobjectis theexcitantradiantight field of thatobjectunder
ary incidentlight field. The mainideain our objectrelight-
ing techniquels to createa linear combinationof basisim-
agesEachbasisimageis a photograptof the object,from a
fixed viewpoint, with thelight sourcepositionedfreely over
the object. Thelight sourcedirectionis extractedfrom each
photographandusedtogetherwith anincidentlight field to
calculatethescalardn thelinearcombinationTo recordthe
photographsa very simple systemsetupis used.We usea
digital cameraa hand-heldight source four white diffuse
sphereghatwill beusedfor light sourceextraction,andthe
objectto berelit.

The structureof this paperis asfollows: In section2, we
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overviav somerelatedwork and position our techniquein
the broadfield of relighting. We continuewith an overvien
of the methodin section3. In section4, the setupof the
camerapositioningof the objectandthe diffuse spheress
suneyed. We overview the calibrationof cameraand light
sourceaswell, andthedataacquisitionprocesss considered
in moredetail.

For eachphotographin the acquiredset,we estimatethe
light sourcedirectionby analyzingthe shadingpatternof the
diffusespheresyisible in the photographsOur light source
directionestimationtechniquds explainedin section5.

The weightsfor the linear combinationof basisimages,
aredeterminedasedn light sourcedirectionsandthelight
map.By resamplinghelight mapusingtherecoveredlight
sourcedirections,the objectcanbe relit. In section6, this
resamplings elaborated.

2. Related Work

Relighting is not a new topic in computergraphicsand
considerablaesearchhas alreadybeendonein this field.
The existing techniquescan roughly be divided into two
catgories: geometrydependentelighting techniquesand
image-basedelighting (IBR).

The geometrydependentechniquesequire a model of
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theobject.Thiscanbegivenor, usingimage-basethodeling
techniquesa geometricapproximatiorof the objectcanbe
obtained.Usually geometrydependenmethodsderive sur
facepropertiesof the object, representetby a bidirectional
reflectancalistribution function (BRDF). With a geometric
modeland BRDFsit becomegossibleto renderthe scene
from new view pointswith novel lighting conditionsby ap-
plying globalillumination algorithms.

Loscoset al.? usean approactbhasedon the radiosityal-
gorithm.Froma setof photograph$rom afixedview point,
takenwith differentillumination settingsthe diffusealbedo
for eachpatchin the sceneis estimated.Yu et al.l” usea
large set of photographgaken from different view points
with unchangedllumination to estimatethe BRDFs of all
surfaces.TheWardmodel“ is usedasBRDF modelsonon-
diffuse material propertiescan be extracted.Boivin et al.!
useonepictureto estimatethe BRDFs.For all patchesthe
BRDF is approximatedwith an incrementaland hierarchi-
cal technique Malzbenderet al.1° extract Polynomial Tex-
ture Mapsor PTMs from a surfaceinsteadof BRDFs. Per
texel, coeficientsof apolynomialarestored. Theseareused
to reconstructhe surfacecolor undervarying lighting con-
ditions. Still, a coarsegeometricmodelis neededo apply
thesePTMsfor rendering.

A secondtategory of relightingalgorithmsaretheimage-
basedelighting (IBR) techniqueswhich requireno geome-
try atall. Wongetal .16 introducedheconcepbf anapparent
BRDF. Basedon a setof pictures,the BRDF of a pixel on
the image planeis assembledThis techniquewas further
improved to relight panoramas. Lin et al.8 researchedhe
dual of the Lumigrapl?, in which the camerais fixedanda
point light sourceis moved. Picturesaretaken of an object
while the light sourceis mechanicallypositionedat copla-
nar grid points.After resamplinghe data,the objectcanbe
relit. A geometricallyindependenboundon the grid reso-
lution of the light sourceplacemenis derived aswell. This
boundis relatedto BRDF of the object. Nimerof et alll
useda techniqueof combiningimagesto relight a scene.
Due to the linearity of illumination, objectscanbe relit by
creatinga weightedsum of basisimages.The weightsare
calculatedusingsteeringunctions Debevecetal 2 describes
a Light Stagein which anobjectcanbe placed.This device
positionsthe light sourceat fixed positionsusinga gantry
while acameraakespicturesfrom afixedview point. Using
thesebasisimagesthe objectcanberelit with ary erviron-
mentmap. Evolutions of the Light Stage,Light Stage2.0
andLight Stage3.0,have beendeveloped theformerspeed-
ing up the capturingprocess$, the latter enablingto relight
objectswith anarbitrarylight mapin reallife.

3. Overview of our technique

Our proposedechniquels animage-basedelighting tech-
nigueandis relatedto theLight Stagé. TheLight Stageand
all its evolutions usea gantry to move the light sourceto

known positions.This limits the samplingresolutionof il-
luminantdirections(i.e. the numberof possibleilluminant
directions)andthe sizeof the objectsto berelit. We remove
the limitation of the gantry andput no restrictionson light
sourceplacementinstead the light sourceis moved freely
aroundtheobject.

Figure 1. Sthematicovervien of our technique With the
correct setupthe basisimages are recoded (a). From the
shadingpattern of the diffusewhite spheesthe illuminant
direction is estimated(b). The light souice directionsare
plottedon the hemisphex and an angular Voronoi diagram
is constructed(c). For each Voronoi cell, the incidentlight
fromthelight mapis integrated(d) andthisis usedasscalar
in the linear combinationof the basisimagesto relight the
object(e).
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Wework in threephasegfigure 1). Firstwe startwith the
acquisitionof basisimages Basisimagesarepicturesof the
objecttakenfrom afixedcamergposition.For eachimage,a
hand-heldight sources positionedreely, hencetheillumi-
nationperbasisimageis different. Theilluminant direction
is unknavn but will be estimatedsinceit is requiredfor re-
lighting. Next to the object, four diffuse white spheresare
placed.Thesespheresrevisible in thebasisimagesaswell.

In the secondphasewe usethe partsof the basisimages
shawing the diffuse spheresto estimatethe illuminant di-
rection. Sincediffuse spheresand a single light sourceare
used,we canderive the illuminant directionfrom the shad-
ing patternof thespheres.

Finally, we relight the objectwith anincidentlight field.
This light field is usually given as an ervironment map.
For eachbasisimage,a weightneedgo be calculated This
weightwill bedeterminedy theilluminantdirectionof that
basisimageandthe incidentlight to be usedto relight the

object.We plot all light sourcedirectionson a hemisphere.

An angularVoronoi diagramis then constructedusing the
plotted directionsas sites. The weight for a basisimageis
theintegrationof all incidentlight in the Voronoicell related
to thatbasisimage.

In thispaperwhereverwereferto thereflectancdield, we
meanthe non-localreflectancdield asdefinedby Debe/ec
etal.

4. Data Acquisition

Figure 2 shawvs the completesetupfor dataacquisition.A
digital cameraa hand-heldight source anobjectto berelit
and4 diffusewhite sphere@reneeded.

o B

=

Figure 2: A small statuetteis illuminated by a hand-held
light souce and continuouslyphotaraphed, resulting in
several pictureswith differentillumination.

The white diffuse spheresare placedaroundthe object
andarevisible by the cameraaswell. The sphereswill be
usedto estimatethe light sourcedirection, sincethe hand-
heldlight sourcewill bemovedfreely but thelight direction
still needsto be known. The whole systemis placedin a

(© TheEurographic#ssociation2002.

darkenedroom, in which the hand-heldlight sourceis the
only sourceof illumination.

The setupcanbe donein asfew asa coupleof minutes.
Typically, 400to 500 picturesweretaken. The photoshoot
is easyandis realizedin 25 to 30 minutes,we usea Canon
EOSD30 camera.The camerais controlledby a computer
andtakesa photograptevery 4 secondsThe hand-heldight
sourceis moved freely but held still every time a pictureis
taken. The light sourcemovementcanbe irregular, solarge
sectionof the hemisphereould be undersampledTo pre-
ventthis from happeningit mightbe agoodideato endthe
photoshootwith a seriesof picturesin aregularpatternem-
ulatingthegantryfrom the original Light Stage.

Figure 3: The Free-formLight Stage in action. The hand-
heldlight sourceis movedfreelywhile picturesare taken.

Carehasto betakenthatthe sphereslo notaffecttheillu-
minationof theobject,sincethey arenotpartof the objectto
berelit andtheir influenceon theillumination of the object
shouldnot benoticeableDifferentproblemscouldarise:

e Thespheesarein frontof theobject.In theresultingim-
ageof therelit object,the sphereswill block the view of
the objectaswell. However, the spherewill becorrectly
relit, asthey arepartof thescene.

e Thespheesare reflectedin a highly specularobject.In
theimageof therelit objectthereflectedandrelit spheres
will benoticeable.

e A sphee castsa shadowon the object. The objectcanbe
relit with alight map,but anunwantedblurredshadav of
thespherewill beseenin theimageof therelit object.

e The object castsa shadowon one of the sphees. This
will not have an effect on theimageof therelit object. It
will however complicatethe extraction of the illuminant
direction.

Theseeffectscanbe avoidedby placingthe sphereswith
caution.By placing the spheresat the side and behindthe
object,shadas of the sphereswill be caston the back of
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the object,thusunseerandreflectionswill behardlynotice-
able.Basisimageswith shadaved spherescanbe rejected
for further use,sinceno decentilluminant directioncanbe
estimated.

The spheresare bestplacedas far as possiblefrom the
object,reducingthe interactionandcastingof shadas to a
minimum. However, thefartherthe spheresaresetfrom the
object,the morethe cameraneedso be zoomedoutto cap-
ture all the spheresaswell asthe object. This would result
in only a small setof pixelsin eachbasisimagerepresent-
ing theobject.Althoughmoderndigital camerahave avery
high resolution,still a lot of detail would not be captured.
This canbe overcomeby usingtwo synchronizeccameras.
The first camerais zoomedout to capturethe whole set
of spheresand theseimagesare usedto estimatethe light
sourcedirection. The secondcamerais focusedon the ob-
jectaloneandthesepicturescanbelinearly combined.

The light sourceused,is a hand-heldcalibratedXenon
light source,emitting diffuse light and is small in area
(10cmx 10cm). This type of light sourceis adequatefor
our assumptiongi.e. a non-directionalpoint light source).
In Figure3 we seethe Free-formLight Stagein action.

Thelinearcombinatiorof photographshoulddoneusing
radiancevalues.The camerareturnspixel values,the result
of anon-lineartransformatiorappliedto theincomingradi-
ance.We take low dynamicrange(LDR) picturesbut mini-
mizethesaturatiorby tuningtheapertureandexposurdeime
of our camera.We extract the responsecurve of our digi-
tal camerawith the techniqueproposecby Debevec et al 2.
By transformingour LDR picturesinto high dynamicrange
(HDR) picturesusingthe inverseresponseurve, we obtain
theradiancevalues.

5. Light Source Direction Estimation

Oncethe picturesaretaken, we will analyzeeachpictureto
find the illuminant direction. Light sourceestimationfrom
realimagess awell researcheg@roblemin computewision.
Researcthasbeendoneextensvely on problemsof deter
mining 3D shape&rom two-dimensionakhading An exten-
sive overview canbefoundin Zhangetal.18.

We startedirom the approactoutlinedby Pentlané?, and
changedheideato suit our needsThey wereableto deter
mine shapefrom shadingeven in caseswhereillumination
direction,illuminantstrengthandsurfacereflectiity arenot
known. By making assumptionsboutchangesn surface
cunature and the position of surface points, least square
methodssolve their modelfor illuminant directionandsur
faceorientation.A follow-up paperby Lee andRosenfeld
essentiallyusesthe sameassumptionshut is basedon sta-
tistical methodgo determinethelight directionandthenes-
timatesshapeorientationin the light sourcecoordinatesys-
tem.

In ouralgorithm,we do notneedshaperecovery, but need

Image Plane

Figure 4: Conceptualrepresentationof the photaraphed
sphee. The sphee is located somevher in the scene Its
perspectiveprojectionis displayedon the image plane By
computingthe normal directionNp for ead 'sphee pixel’
p, weare ableto obtaintheilluminant direction.

an accuratemethodto determinethe illuminant direction.
Note that we do not try to recover the light sourceposi-
tion. Only the directionasmeasuredrom the centerof the
scenewill berecorered Wherever mostmethodsarenotac-
curateenoughbecause¢hey arebasedon assumptionabout
unknavn geometryand unknavn illuminant direction, we
wantedanaccuratenethodstandingon knovn geometry

Basedon the model of Lambertshading,extraction of
anilluminant directionis possibleif the exact normalsare
known of asphereThosenormalscanbe computeceasilyif
the centerof the sphereis known. The algorithm outlined
here searcheghe illuminant direction, given a calibrated
cameraandthe exactsphereradius.Optimizationis usedto
find anilluminant directionaftercomputingthe spherecen-
terandthe normalsfor its surfacepoints(figure 4).

A numericalalgorithmis necessaryor extraction of the
sphereposition with respectto the cameralf the centeris
wrongly estimatedall normalswill be falseandour preci-
siononilluminantdirectiondecreasesAs canbeeasilyver
ified in figure4,

ICII”~RP—(5-C)* =0, 1)

wheres arethe silhouettedirections C is the spherecenter
andRits radius.

To find the silhouettedirectionss, we singled out the
region of the imagewherethe sphereis displayed,by us-
ing a matte.Afterwards,a Canry Edgedetectionalgorithm
searchesll thevisible edgepixelsin thatregion. Usingthe
calibration parameterf the camerathe silhouettedirec-
tions§ canbe computedrom theseedgepixels.A goodes-
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timationfor C canthenbe foundby non-linearoptimization
techniguestninimizing equationl.

Thecomputatiorof thesurfacenormalsNp for eachpoint
of thespheras quitestraightforvardnow. Again, we usethe
region with the spheredataand male a list of thosepix-
els containinguseful intensity information. However, due
to inter-reflectionsin our scene the spheresnight contain
someadditionalinformation. So it is usefulto positionthe
objectand sphereon black velvet in a dark non-reflectve
ernvironment.|t preventscolor bleedingfrom the sceneon
the spheresBy intersectingthe spherewith op, P and Np
canbe computed The normalNp is the desirednormaldi-
rectionfor eachpixel in thelist.

Finally, thenormalsandshadingnformationtogethercan
be usedto find the illuminant direction. It is basedon the
principle of Lamberts cosinelaw which statesthat the re-
flectedintensityof light | on a surfaceis proportionatto the
cosineof theincidentangleof thelight reachinghe surface.

lp=pIL(Np-L), 2

wherel_ is the point light sourceintensity p the materials
diffusehemisphericateflectvity, Np resp.L arethe surface
normalsandtheilluminant direction.

Leastsquarenptimizationtechniquesannow solve equa-
tion 2 for theilluminantdirectionL usingtheintensitylp and
normalNp datafrom all pixels containingshadinginforma-
tion.

Beforewe appliedourtechniqueo realpictureswetested
thisprocedurenavirtual ernvironment. Whenthesetupcon-
sistsof a point light sourceat infinity, which is mathemati-
cally correctaccordingto equationl, the estimateddirec-
tion differs at most1 degreefrom the exact direction. For
the Free-formLight Stagea smallarealight sourceis used
atapproximately2 metersdistance The accurag decreases
with 2 to 3 degreesascanbeseenn tablel. Whenourtech-
niqueis appliedto real scenesexperimentsshavedthatthe
errorstill increaseslueto noise,but doesnot becomdarger
than7 degrees.

In practice,to obtain the bestresultsfor the Free-form
Light Stagewe opt for placing 4 spheressymmetrically
aroundthe centerof our real scene(fig. 5). Theilluminant
directionis computedfor eachsphereseparatelyAs is il-
lustratedin figure 5, the bestfitted intersectionis usedto
find theilluminant directionwith respecto the centerof the
scene.

6. Relighting Objects

After the dataacquisitionandilluminant direction estima-
tion, the third andfinal stageis the actualrelighting. To re-
light the objectwe usean incidentlight field, given asan
ervironmentmap.We relight our objectswith light coming
from theupperhemisphere.

(© TheEurographic#ssociation2002.

/0 0 10 20 30 40 50 60 70

0 10 15 17 17 12 05 11 18

20 11 07 14 25 19 18 08 0.7

40 11 28 24 31 28 25 19 1.0

60 10 25 24 27 30 28 30 15

80 11 19 24 25 28 27 25 28

100 11 17 28 22 17 20 28 34

120 11 13 13 14 12 32 32 41

140 11 07 06 15 51 27 34 32

160 11 03 05 08 20 27 27 25
180 11 03 16 22 27 36 07 42

Table 1: Degreeerror table: Theerror is plottedfor a vir-
tual setupasshownin figure 5. 6 is thedownwadsdirection
into the image-planeorientation. ® is the azimuthalangle
0 degreesbeingthe camen direction. Theestimatedllumi-
nantdirectiondiffers at mostthreeto four degreesfromthe
exactdirection.

Figure 5: Estimating the llluminant Direction with 4

sphees.D is calculatedusingdy, d, dz andd,.

To relightthe objectcorrectly all theincidentlight of the
ervironmenthasto be used.For eachpicture we have an
associatedluminant direction.We will distributeall thein-
cidentlight of the light map over theselight sourcedirec-
tions. This distribution will then determinethe weightsfor
eachpicturein the linear combinationresultingin the final
picture.

In figure 6, amirroredballin anervironmentis displayed,
accompaniewvith only theupperhemispheref theenviron-
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Figure 6: Left: a mirror ball placedin the Uffuzi gallery.
Right: theupperhemispheg of that ervironmentLight map
fromhttp://wwwdebe&ec.og/Probes

ment.In this andfollowing imagesthe hemispheres pro-
jectedon adisk.

Every pixel in the light maprepresents small solid an-
gle with someincidentlight comingfrom thatdirectionand
we wantto associateeachpixel with the closestsampledil-
luminantdirection. This canbe donein the following way:
every extractedlight sourcedirectionis plottedon thehemi-
sphereFromtheresultingsetof points,anangularVoronoi
diagramis constructedusingthe anglebetweendirections
asthedistancecriterium.

This angularVoronoi diagramconstructionis displayed
in figure 7 (a) and (b) for threeilluminant directions.An
angularVoronoidiagramwith 50 light sourcess displayed
in Figure7 (c).

a

Figure 7: Constructionof the Voronoi diagram in on the
hemispheg, basedon theestimatedlluminant directions.

This givesfor every illuminant directiona Voronoi cell,
representingll incidentlight directionsclosestto thatillu-
minantdirection.We now integrateall theincidentlight over
eachVoronoi cell (figure 8). The resultingradiancevalue
will beusedastheweightfor theaccompaning basismage,
illuminatedfrom the correspondindight sourcedirection.

Figure8: Left: Thehemispheg of Figure 6 with theangular
\oronoi cellsoverlayed Right: Theresampledncidentlight
map.

Constructingan angularVoronoi diagramis independent
of the parameterizatiomsedto representhe incidentlight
map.Any hemisphericaparameterizatiowanbe used.We
prefer the concentricmap parameterizationproposedby
Shirley et al 13, sinceit preseresadjaceng. The presera-
tion of adjacenyg simplifiesthe integrationof incidentlight
ontheVoronoicells.In ourimplementationtheweightfor a
basisimageis thesumof all intensitiesin thecorresponding
angulanVoronoicell. Sinceevery pixel representadifferent
solid angle,carehasto be takenthateachpixel is weighted
appropriately

The Voronoi diagrambrings an elegant solution to the
non-uniformdistribution of light sourcedirectionsover the
hemispherewhich resultsfrom the uncontrolledand free
movementof thehand-heldight source.

A comparisornwith the Light Stageis interesting:if the
sampledlluminant directionsarethe sameaswhenusinga
gantry(i.e. a regular sampling) thenthe sameweightswill
be calculatedaswith theoriginal Light Stage.

In our examples only the upperhemispheref incoming
light is used sincewe placethe objecton thefloor, andillu-
minationonly comesfrom above. Extensionto a full sphere
of light directionsis trivial (e.g.placetheobjectandspheres
onatripod).

7. Results

We have experimentedvith arangeof differentobjects Re-
sultscan be seenin figure 11. A Hawaiian statuetteand a
setof toy soldiersare relit with four differentlight maps.
For the Hawaiian statuette400 basisimagesweretaken, for
the toy soldiers500 imageswere used.In figure 11 (a) an
artificial light mapis applied.Notice the coloredshadas
(e.g.aroundandunderthe chairsof the soldiers).Redlight
clearly comesfrom the back, while yellow light is coming
from thefront. This canbe seenclearly on the statuetteand
on the shouldersof the soldiers.In (b), the objectsarere-
lit usingthe upperhemispheref the ervironmentmapin a
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roomwith four ceiling lights. Soft shadas canbe seenas
well as highlights.In (c), the bright windows on the right
of the light map canbe noticedas a reflection(e.g.on the
right sideof the statuette andleave elongatedsoft shadas
(e.g.onthesetof soldiers)In (d),amorehomogeneoukght
mapwasused,resultingin very soft shadevs andvery few
highlights.

Wealsotestedheinfluenceof thenumberof basismages
to the quality of relighting. The objectwasrelit twice with
the samelight map,but with a differentsetof basisimages.
From a set of 500 basisimages,a subsetof 50 randomly
selectedasisimageswasusedto producefigure 9 (a). The
completesetwasusedto generatdigure 9 (b).

X | sdeks &
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Figure 9: Comparisonbetweerrelighting with a setof 50
basisimages(a) anda setof 500basisimages(b). Bothsets
are randomsampledlluminantdirections

b

In figure 9, the artificial light mapfrom figure 11 (a) was
applied.Whena reducedsetof imagesis used,the colored
soft shadavs are not reproducedaithfully. This is because
the small set holds insufficient information to relight the
scenerealistically Combiningonly a few basisimagesin a
weightedsum, allows only coarseinterpolation.Therefore,
softshadavs andsharphighlightscanonly beaccomplished
usinganextensie setof images.

As an application,our techniquecan be usedto placea
real objectin a virtual scene.During photographingposi-
tion the objecton a surfacethathasapproximatelythe same
BRDF as the surface on which the object will be placed
on, in the virtual scene.This will ensurethat the correct
amountof light will be reflectedfrom the surfaceto the
object. The reflectancdfield of the objectis then captured
using our presentedechnique.Remare the objectin the
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setupandcaptureanothereflectancdield of justthesurface.
Using RenderRrk, a global illumination software package
(www.renderpark.be)ve createan ervironmentmapat the
approximatepositionwherethe objectwill be placedin the
virtual scene We canthenrelight the two reflectancedields
with thisrenderecenvironmentmapand,usingadifferential
renderingtechniqué, the real objectis consistentlyillumi-
natedandmeigedwith arenderedmageof thevirtual scene.
In figure 10, thetop imageis theoriginal rendering Theim-
agein themiddleis theaugmentedirtual sceneandthebot-
tom imagezoomsin on the photographeiand his camera.
The shadws of the soldiersgive strongvisual cuesto link
therealandvirtual objectstogetherA similar techniquecan
alsoaddreal objectsto a photograplof arealscene.

Figure10: Onthetoparoughrenderingofatablewith chart
and globeis displayed.At the bottomthe setof soldiers is
added Noticethe correctshadowsn thezoom-in.
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We applied our technique on other objects, includ-
ing a human face, and experimented with other in-
cident light maps. These results, together with some
animations and the used ervironment maps, can be
found on http://www.cs.kuleuen.ac.betgraphics/
CGRG.PUBLICATIONS/FFLS.

8. Conclusion and Future Work

We have presenteda techniqueto capturethe reflectance
field of a real objectusing a hand-heldfree moving light
source.

Futureresearchincludesbettersamplingof the incident
light map.In our currentimplementationye useda box fil-
terovereachVoronoicell, but Gaussiarfiltersmightproduce
betterresults.

We have only usedonecamergosition.Moving thecam-
erawhile moving the light sourceaswell might enableus
to relight a real objectand renderit from ary view point.
This total freedommight be interestingto pursuein future
research.

Sincewe do notusea gantry or ary otherdevice to place
light sourcesat known positions,the size of the objectis
only limited by the ability to move the light aroundthe ob-
ject. Therelighting of large objects(e.g.a car)thereforebe-
comesa possibility However, positioningthelight sourceat
all possiblepositionscouldbe morechallenging Exceptfor
the light movement,bigger diffuse spheredor light source
detectionwouldbeneededsinceour smallspheresvould be
hardly noticeablein a photographwith large objects.Other
illuminant direction recovery techniquescould also be re-
searched.
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Figure 11: A Hawaiian statuetteand a setof toy soldiels are relit with our technique Each coupleof imagesis accompanied

with theappliedincidentlight map. © The Eurographisssodaior002



