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Abstract

In this paperwe addressthe problem of relight-
ing with sparselysampledre ectance elds. We
presenta techniquethat approximateghe correct
resultof relighting from intermediatelight source
positions. The acquisitionof re ectance elds is a
time consumingprocessandtypically thesampling
resolutionin thelight sourcepositionsis ratherlim-
ited. As a consequencesmoothly moving high-
lights and shadevs due to relighting with a mov-
ing light sourceare hardto generate.Using light
sourceinterpolation, denselysampledre ectance
elds can be simulated, enablingrelighting with
arealight sourcesand smoothanimationof high-
lightsandshadavs. Usinglight sourcenterpolation
we canrelight with arbitrarily sampled4D incident
light elds from complex or nearby light sources.

1 Intr oduction

Light elds and lumigraphs[9, 7] allow for syn-
thesizingarbitraryviews from previously recorded
scene®robjects.Whencapturingarelightablerep-
resentationyhich is typically a slice of the 8D re-

ectance eld, onecanevenrelightthe object. Re-
lightablerepresentationareessentiafor composit-
ing the objectinto virtual ervironmentssincethe
reproductiorof theappearancandernaovel lighting

conditionsis requiredin orderto generate correct
imagewhich accountdor all relevant shadingand
globalillumination effects.

Current devices for acquiring re ectance
elds [4, 10, 14, 8, 11, 6, 16], with someexcep-
tions [15, 8], provide a ratherlimited samplingof
thelight sourcepositions,dueto limited acquisition
time or the physical spacingof the sources.

The coarsesamplingat discretelocationsresults
in artifactsin therelit images. Someof thesearti-
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factsincludebandedshadavs (insteadof soft shad-
ows) whenilluminated by an arealight source,or

abruptjumpsin light dependeneffects(e.g. shad-
ows and sharphighlights) when moving the light

sourcealonga smoothpath. Givena coarselysam-
pled re ectance eld theseproblemscan only be

overcomeby computingrelit imagesthatresemble
theappearancef thesceneasif illuminatedfrom a

light sourcepositionin betweerthe originally cap-

tured locations. We call this procesdight source

interpolation

Clearly, simple blending betweenimagesrelit
from the recordedight sourcepositionswould not
be sufcient. Shadevs and highlights will cross-
fadefrom onelocationto the otherinsteadof mov-
ing smoothly Our approachfor light sourcein-
terpolation o ws illumination effects that undego
large movement(e.g. shadws) and blendsthose
regionswheredifferencesarerathersmall.

In this paperwe focuson light sourceinterpola-
tion for re ectance elds which allow for relight-
ing with 4D incidentlight elds [11, 6, 16]. Using
thesere ectance elds, aspatiallyvaryingillumina-
tion patterncanbeprojectednto thescendrom ary
of the recordedlight sources. Using interpolation
we are ableto projectfrom intermediateprojector
positions. In particular we presenta pipeline for
performinglight sourceinterpolationfor sparsely
samplede ectance elds for relightingwith 4D in-
cidentlight elds. The pipeline performstransfor
mationson boththeincidentandexitantlight elds.
Thesetransformationsaretightly coupled;compu-
tation in one domainguidesthe transformationin
the other We will rst review relatedwork before
presentingour processingipeline for light source
interpolation.
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2 PreviousWork

A light stage[4, 10] sampleghere ectance eld of
objectsfor a singleview point, asilluminatedby a
setof pointlight sourceswith x ed spacing.In or-
derto recordhighly specularmr transparenbbjects
the spacingbetweenthe light sourcehasto be re-
duced,.e. theresolutionof there ectance eld has
to beincreasedirastically[14, 8]. Relightingbased
onthesedatasetsis limited to distantlight sources,
e.g.environmentmaps.

Re ectance elds for spatiallyvaryingillumina-
tion or 4D incidentlight elds arecapturedusinga
projectorinsteadof a pointlight source[11, 6, 16].
Using a projector individual light rays canbe ad-
dressedIn all threeapproachetheresolutionof the
projectorpositionss ratherimited andthecaptured
datasetswould pro t from correctlight sourcein-
terpolation. In this paper we usere ectance elds
acquiredusing the techniqueby Senet al. [16],
which providessufcient resolutionto projectillu-
minationpatternsof upto 1280 1024 pixelsinto
thescene.

Closelyrelatedto the problemof light sourcein-
terpolationis view interpolationwithin re ectance
elds, i.e. to generatémagesfrom cameraposi-
tions not recordedin the original re ectance eld.
Matusik et al. [15] presentedh view interpolation
methodespeciallydesignedfor refractingobjects.
A similar problemhasto besolvedwhendeforming
thegeometryon which asurfacere ectance eld is
de ned[20].

Whenthere ectance eld is de ned on geome-
try, one canperformscatterediatainterpolationto
computeintermediatdighting positions,asshavn
in [21]. Insteadof directly interpolatingthe re-
ectance eld, ourtechniqueperformstransforma-
tionsontheincidentandexitantlight elds.

To computedecentight sourcenterpolationsve
male useof intrinsic images[2]. Intrinsic images
canbe usedto analyze x ed-viav sequencesf a
sceneunder arbitrary varying illumination. The
image sequencds decomposednto a single re-
ectance image and a set of time-varying illumi-
nation images. Weiss [19] appliesa maximum-
likelihood framework to perform the decomposi-
tion. Insteadof interpolatingthelight sourceallumi-
nationdirectly from relit imageswe interpolateon
theillumination imagessincethis is what changes
when moving the light source. The useof intrin-

sicimagess however limited by thefactthatin the
computedillumination images,geometricfeatures
andthe texturesof surfaceswith varying specular
propertiesare often still visible. lllumination im-
agesoften containhigh frequenciedrom features
which have nothingto dowith therealincidentillu-
mination.Allowing re ectanceimagesto vary over
time and Itering andthresholdingin the gradient
domainreducessomeof theseartifacts,and much
smootheilluminationimagesregenerated3]. In
this paperwe alsoseparatémagesinto re ectance
andilluminationimagesto ascertairchangesn the
effective illumination.

Intrinsic imageshave beenusedbeforeto per
form light sourceinterpolationin re ectance elds
of diffusescenedy Matsushitaetal. [12], mainlyto
determineshadaev regions. In theirtechniqueanex-
plicit 3D modelis reconstructeérom multiple view
points.Usingthe 3D model,themovementof shad-
ows for intermediatdight sourcepositionscanbe
simulated. By transferringthe shadev motion in-
formationto the shadavs found in the imagedata
the appearancef shadevs in intermediateframes
is computedyuiterealistically Sincethis 3D recon-
structionis dif cult anderror pronefor uncooper
ative surfaceswe resortto optical o w for moving
shadavs.

3 Overview

Our processingipelinetakesasinput, re ectance
elds capturedrom a singlecameraposition. The
spatiallyvaryingillumination (alsoknown asa 4D
incidentlight eld) is parameterizewith respecto
a setof projectors.Let us rst introducetherepre-
sentationof there ectance eld for spatiallyvary-
ing illumination, which correspondso theoneused
in [16].

Given a re ectance eld capturedusingN dif-
ferentprojectorpositions thepartof there ectance
eld thatdescribeshetransporbetweerthecamera
andasingleprojectorj canbewrittenef ciently as
1. Let
C; denotethe cameraimagethatis obseredwhen
projectingtheillumination patternP; (a2D image)
fromprojectorj intothesceneC; canbecomputed
givenT; andP;:

C =TP 1)

The transportmatrix storesfor every projector
pixel pyy its effect on all camerapixels cyy . As-
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Figurel: Processingipelinefor light sourceinterpolationbetweenprojectorlocationsj andj + 1. The

original shadov masksof theacquiredorojectorsS; andS; .1 arewarpedto theintermediatdramej +
and mappedfrom camerato projectorspace. At the sametime, the input patternP is warpedinto P,
andP; ., suchthatthewarpedpixels of the original patternwill be projectedto the samesurfacelocation
althoughprojectedromj andj + linsteadfj + . Thetransformedhadov is stenciledoutin thewarped
projectorpatterns By relightingwith eachinput patternindividually, two cameramagesC; andC; ., are
computedwhich arethencompositednto the nal resultC; .

sumethe projectorresolutionis p g and cam-
eraresolutionism  n, thenthedimensionf the

transportmatrixaremn  pg. Thenumberof non-

zeroelementsn the matricesusedin this paperis

of theorderof billions, anda hierarchicarepresen-
tation as suggestedn [16] is mandatory For the

remainderof this paperit is however sufcient to

think of T asa hugebut simplematrix.

Let us concentrateon light sourceinterpolation
in the one-dimensionatasewherewe would like
to computeanimageof the sceneasif illuminated
from a projectorthatis locatedbetweentwo sam-
pled projectorpositionsj andj + 1. Giventhein-
terpolationparameter 2 [0; 1], thevirtual projec-
tor shouldhave movedthefraction of thedistance
fromj into thedirectionof j + 1. The nal image
we aimto computeis C; +

In theory onecouldcomputeC; .+ by rst syn-
thesizingTj+ fromT; andT;.; followedby eval-
uatingEquationl: Cj+ = T+ P. Sincetheef-
fort of assemblingan entirely new transportmatrix
is enormousandtheway of computingT;+ is un-
clear in this paperwe solve the problemwithout
directly computingthe intermediatetransportma-
trix. Insteadwe apply warpingtechniqueothin
the projectorspaceandthe cameraspace.Thatis,
we warp theincidentillumination andthe relit im-
ages. Our processingpipelineis depictedin Fig-
urel:

1. Shadav Warping (cameraspace). In a pre-
processingstepwe computeintrinsic images
of thesceneausing oodlit illuminationin each
projector By decomposinghe resultingil-
lumination imagesinto a moving and an al-
moststaticlayer, shadev regionsin the orig-
inal imagesare detectedn the moving layer.

This gives us a shadwv mask S; for each
projectorlocationj. Computingoptical o w
on the shadev masksyields the shapeof the
shadav for the intermediatérameS;+  (see
Sectiord). Thisis depictedby the“warpshad-
ows” boxin Figurel. Thedecompositiorinto
two layersis necessargincethe ow eld be-
tweenthe illuminationimagescanonly bere-
liably estimatedor regionswith strongdiffer-
enceqi.e. in themoving layer).

. Pattern Warping (projectorspace).In a pre-

processingtepwe alsocomputethe o w vec-
torsthatdescribewherea pixel in projectorj

movesto in projectorj + 1in orderto illumi-

natethe samescenepoint. If we hadplaced
camerasn the positionsof projectorsj and
j + 1this ow eld correspondsexactly to
thedisparitymap. Giventheillumination pat-
ternP for projectorj + we applytheafore-
mentionedo w eld, weightedby ,to gener
atetwo distinctpatternsP; andP; ., for the
nearestoriginal projectors. Intuitively, after
warpingthe patternsthe incidentillumination
mimicstheincidentillumination fromj +
althoughprojectedromj andj + 1 (seeSec-
tion 5). Thisis depictedby the “warp pattern”
boxin Figurel.

. Shadaw Stenciling (projectorspace) We sim-

ulatetheinterpolatecshadev S;+  in the nal
image by maskingout the appropriatepixels
in theillumination patterns®; andP; ., . The
affected pixels are determinedby transform-
ing the interpolatedshadev maskS;+ into
the projector spacefor both projectors(Sec-
tion 5.2). Thisis depictedby the“stencil shad-
ows” boxin Figurel.



4. Relighting. Therelightingis performedusing
bothoriginal transportmatrices:C; = T; P
andCj,; = Tj+1 Pj,, . Theresultingimages
C; andC,,; areverysimilarexceptfor light-
ing variationsdueto thedifferentincidentlight
sourcepositions. This processs depictedby
the“relight” boxin Figurel.

5. Compositing (cameraspace). The nal im-
ageis obtainedby compositingC; andC;
basedon the warpedshadev mask: C;. =
composg ;Sj+ ;C;;Cj.). For regions
where the illumination image shawvs drastic
differencesthoseregionsin the nal image
areobtainedby selectingfrom eitherthe rst
or the secondimage. For regions wherethe
changeis only moderate,we blend between
thetwo imagesbasedon . The compositing
is explainedin Section6, anddepictedasthe
“compose”boxin Figurel.

4 Inter polation Basedon Intrinsic
Images

Intrinsic imagescan be usedto predicthow to al-
ter imagesC; taken undertwo different lighting
conditionsto generat@nintermediatellumination.
The inputimagesare separatednto a commonre-
ectanceimageR (x; y) andanilluminationimage
Lj (x; y) correspondingo the actuallighting using
Ci(x;y) = R(X;y) Lj(x;y). Thereectance
imageis typically computedby applyinga median
Iter directly on the images [2] or by applyingit
in the gradientdomain[19, 13] over multiple input
frames.We extendthe rst approacho betterdetect
differencesn theilluminationimagesL ; .

TogetfromL; andLj+; toLj.+ onecouldsim-
ply blend betweenthem, resultingin cross-aded
shadavs, or onecouldtry to interpolate o w to re-
ally move darkenedor brightenedegions.

Unfortunately applying a standardoptical ow
algorithm[3] to illumination imagestypically does
notresultin ameaningfulow eld. Theillumina-
tion imagesmay containboth residualsurfacetex-
ture or the geometrywhich would contaminateéhe
computed o w (Figure 2e). We have tried to use
thetechniqueproposediy Matsushitaetal. [13] in
orderto remove someof the texturing effectswith
limited success.

The solutionwe proposeis to separatahe illu-
minationimageinto two layers: onelayer contain-
ing pixelsto be o wed,andtheotherto beblended.

When thresholdingon the absolutedifferencebe-
tweenL; andL; .1 , pixelsbelow thethresholdcan
be blendedwith no noticeableartifacts. In this
caseblendingwould work just ne. This is true
for mostdiffusere ection, glossyre ectancewith
broadhighlights,or sharpspeculahighlightswhich
move by only oneor two pixels.

After removing all pixels belov the thresholdit
is now easierto computethe optical ow for the
remainingregionswhich differ to a greaterextent.
In Figure 2, we demonstratehe increasedjuality
of computingthe ow on the thresholdedllumi-
nationover computingit directly from illumination
images.

Of courseall standardproblemsof estimating
optical ow suchas ow in the presenceof oc-
cluders[17] or the apertureproblemstill remain,
andin suchcasesur optical o w techniquewould
alsofail. Precisemovementof shadavs canbe ob-
tainedby incorporatinganexplicit 3D modelof the
sceneg[12]. In the future we planto derive the 3D
modelfrom the transportmatrix andwould like to
further investigate how the movementof shadavs
canbe predicteddirectly from thetransporimatrix.

In our pipeline,if the shadev movesbehindan
occluderthenno correspondencis found andthus
theinterpolatedshadev will notmove. In this case
we resortto blendingbetweenframes. By incor
poratingforward and backward o w andblending
betweertheresultsof bothwe handlethe caseof a
zero ow eld automaticallyandconsistently

We cannow warp the shadav regionsin theil-
luminationimageto obtainan intermediatallumi-
nationimage.As we will explainin Section5.2we
processhemorphedshadaev regionsevenfurtherto
dealwith the effect of interre ections.

5 Inter polation in Projector Space

This sectiondescribeshe stepsfor deformingthe
input patternto mimic the incidentillumination of
the intermediateprojector To do this we apply
warpingandshadaev stenciling.

5.1 Warping in Projector Space

Givenaninputpatterrfor theintermediatgrojector
j + wewouldlike to computeinput patternsfor
the original projectorsj andj + 1 thatbestrepro-
ducethe appearancasif actuallylit from location



i)
Figure 2: Applying optical ow to intrinsic images. Imagescapturedundertwo differentillumination
conditions(b) and(f) aredecomposeto acommonre ectanceimage(a) andilluminationimages(c) and
(9). Note how the shadav hasmaoved slightly betweerthe two images(b) and(f). A zoomed-inversion
of the optical o w determinecbetweerthe original illumination imagesis shawvn in (e), overlaid over the
illumination image. The determinedo w vectorshave almostzero lengthindicating that the algorithm
would not move the shadaev, which s incorrect. After thresholdingheillumination images producing(d)
and(h), amoreaccurateow eld (i) canbeobtainedwhichwould o w the shadavsin theright direction

with thecorrectvelocity.

j + . We wantto warp the patternsso that they
appeaialignedon the surfaceof the scene.

Letp; denotehecoordinate®f apixelin projec-
torj . Thepixel atp; projectedromj will directly
illuminate the surfacevisible at camerapixel loca-
tion g . Recall,acolumnof thetransportmatrix T;
correspondso the imageresultingfrom illuminat-
ing the sceneby turningon a singleprojectorpixel.
Selectingthe column correspondingo p; , we can
locateg; by searchingn this columnfor thebright-
estresponse.Thus, we can establishthe mapping
M (p) = & from projectorto cameraspaceas
illustratedin Figure3.

GivenM ; weknow theinversemappingM H
from cameraspaceto projectorspaceaswell. The
mappingwill initially be sparsedueto sampling,
shadavs, or very dark surfacesfor which the en-
triesin thecolumnaretoo dim to make out a signif-
icant peak. We obtaina densemappingby apply-
ing anisotropicdiffusion ltering to the sparseM
andM i 1 mappings.For pixelsin shadav regions
theinformationobtainedrom anisotropiadiffusion
might be wrong, but thosepixels have no effect on
the nal relit image. The mappingsfor two neigh-
boringprojectorsaredepictedn Figure6.

GiventhemappingM ; andaprecisecalibration
of the cameraand the projectorwe could actually
computerangeimagesgxplicitly reconstructinghe
3D shapeof the scene.Note how Figure 6, which

Figure 3: lllustration of the mappingM and its
inverseM !, mappingfrom the projectorto the
cameraspaceandfrom the camerao the projector
spacerespectiely. The ow betweentwo projec-
tor patternsis givenby ProjFlow, j+1) (Bj) =

M3 (M ()

is a color-codedvisualizationof M | ! resembles
rangeimage. However, for our analysis,the map-
pingM ; is sufcient.

In orderto obtainthe o w from oneprojectompat-
ternto the next we simply determinethe mapping
ProjFlowg, j+3) (B) = M5 (Mj(p)) (see
Figure 3) by projectingthe point p; from projec-
torj into thethe cameraspaceusingM ; andthen
mappingit backto theprojectorspaceofj + 1 using
theinversemappingM j+11 .

Giventhis ow eld we createtwo warpedver-
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Figure 4: The projectorpatternP; is modi ed to
simulatethe effect of a castshadev from projector
j + . Thisis accomplishedy stencilingout the
pixels that would otherwiseilluminate the shadev
region.

sions of the original projector patternP, one for
eachprojector yielding P; andP;,,. The re-
sult of applyingthe ow eld to the input pattern
is demonstratedn Figure 5 (bottomrow (n) and
(p))- Note how the warpedcheclerboardpattern
projectedrom projectorj preciselymatcheghere-
sultof projectingthe original patternfromj + 1.

5.2 Shadow Stenciling

In the next step, pixels correspondingo shadev
regions for the interpolatedlight source position

are stenciledout in the warpedprojectorpatterns.

This effectively projectsa syntheticshadav which
would not have beencastby the original projec-
tors (seeFigure4). If we wereto directly stencil
the shadavs in the cameraimage, we would re-
move directillumination effects, but not the multi-

pleinterre ectionscausedy illuminating theshad-
owed points. By stenciling out the incidentillu-

mination for thesepixels we eliminate thesein-

terre ections. In addition, our approachautomat-
ically accountsfor multiple interre ections from
nonshadevedpointswhichmightactuallybrighten
theshadav region.

The shadev stenciling is implementedas fol-
lows: First we computethe warpedshadav image
Sj+ . UsingM ; * andM ;7 , the shadev image
is transformednto the projectorspace.The trans-
formedshadav is thenmultiplied with the warped
illumination patternf theprevioussectionto com-
putethe nal patternsP; andP;,, . When ap-

plying the stenciledpatternsa syntheticshadev is

castinto thescenebesidetheshadav thatis present
in the original images. Figure 5 (third column)
demonstrateshe processof stencilingthe warped
patterns.

6 Compositing

After warping and stencilingthe illumination pat-
ternsfor projectorsj andj + 1, we multiply them
againsttheir transportmatricesto obtain two im-
agesC; = T;P; andCj,; = Tj«u Py, (see
Figure5(g) for an example). Theseimagesareal-
readypretty closeto the solution (Figure 5(h)) ex-
ceptthatthey still containthe original shadev and
that moving highlights have not yet beenwarped.
In this sectionwe concentrateon compositingthe
shadavs andin Section8 we adddres$iow to move
thehighlights.

The nal imageis obtainedby a perpixel blend
with a spatiallyvaryingblendingfactor :

Cxy) = @ xMCGxy) @
+ (X ¥Caa (Xy)

Sinceboth imagescontainthe synthesizeghadav
Sj+ we do not needto considerit during com-
positing. Initially we determine (x;y) basedon
the shadev masksS; and Sj+1 in the following
way:

( 0 Sj1 =175 6 4
= © § =S54u 3)
1 : szlASjBSjﬂ

For brevity we have droppedhe (x; y)-parameters.
If S = 1, it meanghatthepixel will bein shadov
in imageC; . In this casewe selectthe pixel from
Cj .1 sincein thatimagethe pixel might beillumi-
nated.In thesameway, if S;+1 = 1 we selectfrom
C; . If the pixel is illuminated from both projec-
torsor is in shadav from both projectors,we sim-
ply blendbetweerthe appropriatgixelsin C; and
C; 1 weightedby

At the borderbetweenregions selectedfrom a
singleimageandblendingregionsthereshouldbe
a smoothtransition. This canbe accomplishedy
blurring the -imageandthenapplyingcomposit-
ing Equation?2.

In Figure8 we comparethe nal resultof warp-
ing, stencilingand compositingwith what would
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Figure5: Shadav warping, patternwarpingand shadaev stenciling. First row: The shadev mask(a) of
the left projectoris warped,shavn in (b), to matchthe shadev maskof the right projectorshavn in (d).
(b) and(d) thereforeappearthe same. The warpedshadav maskis thentransformednto the projector
spaceasshavn in (c). Secondrow: The sceneis lit with oodlit illumination andthe cameraimageis
shavn in (e). The zoomed-inversions(f) and(h) shav the original shadavs castfrom the left andright
projector respectiely. When projectingthe stenciledillumination pattern(c) from the left projectora
syntheticshadev is projected.Theresultingimage(g) now containsboththe original andthe synthesized
shadev. Third row: A checlerboardinput pattern(i) and(l) is projectedinto the scenefrom the left and
right projectorsyesultingin cameramagesm) and(p). Warpingtheinputpattern(j) andprojectingit from
theleft projectorresultsin (n), which simulateshe effect of projectingthe original patternfrom theright
projector asshavn in (p). Notethatthe patternsareperfectlyalignedin the cameraspace.Stencilingout
thewarpedandtransformedshadev mask(c) in thewarpedinput pattern(j) produceghezoomed-inmage
shavn at (k). Projectingthis patternresultsin theimage(o) which again containsboththe original andthe
syntheticshadavs.



be obtainedby blendingtheilluminatedimagesdi-
rectly.

7 Relighting Results

Being able to smoothly interpolate betweentwo
projectorlocations,we can simulatea point light
moving alonga path,which we demonstratén the
accompaying video sequencgl]. Sincethe re-
ectance eld allows for spatially varying illumi-

nation, even relighting from a moving projector
is simulated. Becauseof the warpingin projec-
tor spacethe obsened movementof the patternis
smooth.

When integrating over a setof interpolatedim-
ageswe canrelight the scenevirtually by an area
light source(seeFigure9). Incorporatinga mod-
eratenumberof interpolatedight sourcepositions,
we cangeneratehe appearancef soft shadevs as
oneexpectsfrom arealight sources Summingover
a numberof original projectorlocationswould in-
steadproducebandedshadevs (shadav aliasing).

The presentedramework allows for relighting
with arbitraryincidentlight elds of highresolution
in thespatialandangulardomain.Thesdight elds
can be capturedfrom real world light sourceg5]
or ervironments[18]. We presentthe resultof re-
lighting the scenewith asynthetidight eld in Fig-
ure7. Theincidentlight eld simulatesachecler
boardpatternprojectedrom aprojectorwith avery
large curved apertureleadingto a small region of
focusin themiddle of the scenewherethe checler-
boardpatterncanstill beobseredwhileit is blurred
in theperiphery

8 Conclusion

The presentedpipeline is, to our knowledge, the
rst attemptof light sourceinterpolationfor sparse
re ectance elds for illumination with 4D incident
light elds. We warp the incidentlight elds to
matchthe sampledprojectorlocations,we propose
a two layer approachto determining o w in illu-
mination images,warp shadaevs and stencil them
outin the projectorpatterns.Our techniqueallows
for creating smooth animationsfor moving light
sourcesandcorrectshadaevs for arealight sources.
Although not demonstratedn the paper specular
highlightscanalsobe o wed usingthis framevork
by settingan appropriatethresholdwhen splitting

the illumination image into a static and moving
layer

Thepresentedanethodsurrentlybuild onanum-
ber of simplifying assumptionsFirst, the peakin
eachcolumnof thetransportmatrix actuallycorre-
spondsto the rst bounceof light from the projec-
tor. Thus,it is not clearhow the algorithmwould
behae in the presencef speculatinterre ections,
e.g.mirrorsor caustics Secondywe assumehatthe
movementof the shadevs canbe simulatedby us-
ing linear o w vectors. This requiresa moderately
densesamplingof the original re ectance eld. In
the future we plan to come up with a more gen-
eralsolutionthatworksfor alargerclassof realistic
scenes.It might be possibleto extractmuchmore
information from the transportmatrix that can be
usedto guidethe estimationof the o w betweerall
elementdn two neighboringmatriceseadingto a
4D o w estimationalgorithm.
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Figure 6: Visualizationof the mappingfunction
M ! from the camerato the projectorspace.The
colorvaluerepresentshe coordinateof the projec-
tor pixel illuminating this scenepoint (theredchan-
nelfor x, thegreenchannefor y). Noteits similar-
ity to arangeimage.

Figure7: llluminationwith a4D incidentlight eld.
Usingthe presentednterpolationframenork, arbi-
trarily high resolutionlight elds canbe projected
into the scene. By projecting the samechecler
board patternfrom a small but denselysampled
rangeof positionswe simulatea projectorwith an
extremelywide aperturehaving only a smallfocus
region in the middle of the scene The original pro-
jectorswereapproximately8.72cm apart.

Figure8: Comparisorbetweemave blending(left)
andcompositingafter shadav warpingandstencil-
ing (right) half-way betweentwo key frames( =
0:5). The left imageshows cross-ading between
two shadavs; we obtaina singleshadev usingour
pipeline.

Figure 9: Simulation of an area light source.
Adding threeof the original inputimagesresultsin
severe bandingin the shadov (top). By integrat-
ing over 15 interpolatedframescorrespondingo
the sameextend of the light sourcewe cangener
ateasoftshadev withoutbanding(bottom).
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