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Abstract

Image-basedlighting (IBL) of virtual objectshasbecomea popularapproach to blendingvirtual andrealscenes.
In IBL anomni-directionalimageof a sceneis usedastheilluminationenvironmentfor renderingvirtual objects.
Typically, this renderingis basedon global illumination techniqueswhich are far fromcapableof real-timeper-
formance. In this paperwedescribehowto estimatethepositionsandradiancesof a smallnumberof point light
sources,e.g., on the order of 5 to 10, which will producevirtual objectappearanceswhich are consistentwith
thoseobtainedusingIBL. Theestimatedlight source parameters can be useddirectly in OpenGLrenderingfor
real-timeperformance. Wedemonstratetheapproach onnatural scenes.

Categories and SubjectDescriptors(accordingto ACM CCS): I.3.7 [ComputerGraphics]:Three-Dimensional
GraphicsandRealism,I.4.8 [ImageProcessingandComputerVision]: SceneAnalysis

1. Introduction

High fidelity compositingof virtual objectsinto imageryof
real scenesis alreadya highly developedarea,andis used
extensively for visualeffectsin films andcommercials.One
of the main problemsin suchcompositingis to ensurethat
the lighting usedwhenrenderingthevirtual objectsis con-
sistentwith thelighting in therealscene.

Image-basedlighting (IBL) is an approachwhich solves
this problemby usingomni-directionalimagesto represent
the irradiantlight at thevirtual object’s location4 � 5 � 9. Some
global illumination approachis then appliedto renderthe
virtual objectsby placingtheminsidea largespheremapped
with theomni-directionalimage.Figure1 showsanexample
of sucha mapping.While this approachsolvestheproblem
of realisticlighting of virtual objectsit is not suitedfor real-
timeapplicationssuchasAugmentedReality(AR).

In AR virtual objectsareembeddedin realscenesin real-
time to allow the userto interactwith the scene,and/orto
purposively adjusthis viewing positionanddirectionin or-
derto exploretheaugmentedscene2 � 3.

The renderingstep in IBL using a global illumination
technique cannot visualize virtual objects at interactive

framerates.This is mainly due to the fact that computing
the radianceat eachsurfacepoint on the virtual objectsin-
volvesa summationof radiancecontributionsfrom all light
sourcesin thescene.And the largespheremappedwith the
omni-directionalimagein principle representsa very large
number(thousands,or hundredsof thousands)of tiny light
sourcescontributing to theirradianceat thesurfacepoint.

In this paperwe addresstheproblemof trying to achieve
IBL in real-time.The only feasibleapproachseemsto be
to lower the numberof light sources,i.e., approximating
thecomplicated,spatiallycontinuousomni-directionallight-
ing environmentwith a smallernumberof directionallight
sources.Our approachis to estimatethe position and ra-
diance parameters(color and intensity) of some limited
numberof light sourcesso that the resultingvirtual object
lighting as closely as possibleapproximateswhat would
be obtainedwith the standardIBL approach.In our exper-
iments we have usedup to 10 light sourcesfor this pur-
pose.OpenGLsupportsat least8 directionallight sources
andstandardgraphicshardwareallows real-timerendering,
includingmultiple renderingpassesfor creatingshadows.

A lot of work hasbeenpublishedon differentapproaches
to acquiringtheomni-directionalrealsceneillumination in-
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Figure 1: Top left: full 360by 180degreeimage of a greenhousein thebotanicalgardenin Prague. Top right: thesameimage
mappedto a sphere (here in a resolutionof only 20480triangles).In bothversionsit is possibleto seethepositionof thesun,
which is the all-dominantlight source in the scene, but clearly the plantsand the color of the glassroof also influencesthe
lighting conditions.Bottomleft andright: twodifferentviewingdirectionsin thebotanicalgardenscenario.Noticethesunlight
is comingin fromtheright in theleft image, andfromtherear in theright image.

formation. Someresearchersusespecialprobes,typically
highly reflective metal spheres4 � 5 � 8. Othersplace cameras
with verylargefield-of-view (upto 180degrees)in thescene
at theapproximatelocationof wherethevirtual objectswill
later be placed9. A differentapproachhasbeento estimate
the sphericalsceneradiancedistribution from imagesof
known realobjectscastingshadows in therealscene11� 10� 12.

The work presentedin this paperis applicableregard-
less of how the omni-directionalradiancedistribution is
obtained.Our work simply assumessuch radiancedistri-
bution information is available, (in our experimentsomni-
directionalimagesarecomposedfrom multiple large field-
of-view imagesacquiredwith a rotatingcamera).

Thepaperis organizedasfollows.In section2 wepresent
an overview of the approachshowing someillustrative re-
sults.Section3 describesthetheoreticalfoundationsfor the
proposedapproachto estimatinglight sourceparameters.
Thensection4 is devoted to presentinghow the estimated
light sourceparametersareusedin the real-timevisualiza-
tion of virtual objects.Section5 is devoted to discussing
somecentralissuesof the approachand future work. Sec-
tion 6 offerssomeconclusions.

2. Context and overview of approach

This researchis carried out in the context of a research
projectwherewehaveomni-directionalimagesof scenarios
available.Theseomni-directionalimagesare composedas
mosaicsfrom multiple imagesacquiredwith a rotating180
degreefield-of-view camera.Figure1 shows the full image
andamappingof it to asphere.In theprojectsuchspherical
imagesaredisplayedto userswearinganorientationtracked
HeadMountedDisplay so the user is able to freely look
aroundin any direction;figure 1 shows two screenshotsof
what the usermay seein this particularexample.The user
seesthescenarioin stereo,but this is not reproducedhere.

We wish to insertvirtual objectsinto suchscenariosand
we naturallywant to renderthe virtual objectsunderlight-
ing conditionswhichareconsistentwith therealscenelight-
ing. As describedourobjective is to somehow determinethe
parametersof somevirtual lighting condition,which is suit-
ablefor real-timerendering,andwhich ascloselyaspossi-
ble mimics thevirtual objectshadingthatwould have been
obtainedusingnormalimage-basedlighting (IBL). Thepa-
rametersweareaimingatdeterminingarethedirectionsand
radiances(colorsandintensities)of a limited numberof di-
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rectionallight sources,whichcanthenbeuseddirectly in an
OpenGLimplementation.

Theproposedapproachto estimatingthissimplifiedlight-
ing environmentis conceptuallyverysimple,andcomprises
two steps.First we take a small white virtual sphereand
place it in the centerof a large spheremappedwith the
omni-directionalimage.Thenwerendertheradiancesof the
whitesphereatmany pointson thespheresurfacetakingra-
diantlight contributionsinto accountfrom everypointonthe
largesphere,i.e.,completelyasin classicIBL. Subsequently
we will refer to thesmallwhite sphereasthevirtual probe
sphere, andsincethelargesphereis amapof thedistribution
of radiantlight from every directionin a realscenewe will
refer to it asthe scene radiance sphere (someresearchers
usethetermradiancemap4). An exampleof asceneradiance
sphereis actuallywhat is displayedin figure1, andfigure2
showsthecomputedradiancesof thevirtual probespherefor
thebotanicalgardencase.

Figure 2: Thevirtual probesphere is a white, perfectLam-
bertianreflector. Thisfigure showstheradiancesof thevir-
tual probe whenrendered inside the lighting environment
shownin figure 1. Notice the greenshinedueto reflection
from plants, and the ’highlight’ due to the incoming sun
light.

After having computedtheradiancesof thevirtual probe
sphereunder IBL, step2 is to estimatethe parametersof
someuserspecifiednumberof directionallight sources,plus
the parametersof an optionalambientlight term.The esti-
mationis basedonaniterativeschemewhichoptimizesover
thesetof parameters,suchthatif thevirtual probehadbeen
subjectedto this simplified lighting its radianceswould be
similar to thosecomputedin the step1. That is, the itera-
tive estimationstepadjuststhe lighting parametersso asto
minimizethedifferencebetweentheradiancesof thevirtual
proberadiancesfrom step1, andthevirtual proberadiances
given the currently estimatedparametersof the simplified
lighting conditions.Figure3 shows theresultof suchanes-
timation.

Figure3 shows that thecomplex lighting environmentof

Figure 3: Thevirtual probesubjectedto virtual lighting con-
sistingof an estimatedambientterm,plus an estimateddi-
rectionand radianceof onedirectional light source. When
comparingto figure 2, which showsthe true IBL virtual
proberadiancefor this example, it is seenthat light direc-
tion andradiancesareveryaccuratelyestimated.

the botanicalgardencanactuallybe simulatedquite accu-
ratelyusingonly anambienttermplusonedirectionallight
source.This allows us to achieve real-timerenderingwith
shadingresultswhich are comparableto the complicated
trueIBL approach.

Thedescribedsteps1 and2 representanoff-line phasere-
sulting in lighting parameterswhich canthenbeusedin an
on-line,real-timephasewhichcanrendershadingandshad-
owsof dynamicvirtual objects.Thiswouldbeimpossibleto
achievewith normalIBL dueto thecomplexity of theglobal
illumination lighting computations.

3. Estimation of light source parameters

In this sectionwe will describethe off-line steps,i.e., the
stepsinvolvedin estimatingthesimplifiedlighting environ-
ment prior to the actualreal-timerenderingof virtual ob-
jects. First we describehow to computethe Image-Based
Lighting of thevirtual probesphere,i.e., computethe radi-
ances,or theshadingasit were,of thevirtual white sphere.
After that we describehow to use thoseradiancesto es-
timate the parametersof the chosennumberof directional
light sources.

3.1. Computing true probe radiances using
image-based lighting

In ourwork wehavechosento useawhitespherewith Lam-
bertianreflectionpropertiesasthe virtual probe.Thereare
multiple reasonsfor this. First, the probecould be of any
color aslong asit reflectssomelight in all color bands(we
usethreecolor bands,R, G, and B). As long as the same
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Figure 4: Leftmost:omni-directional radiancemapcompositedfrom multiple imagesacquired with a rotating 180 degrees
field-of-view camera in a hall scenario.Thethreeremainingimagesshowthewindowregionacquiredwith integration timesof
23,63,and103millisecondsrespectively.

color is usedin theestimationstepit will notchangetheesti-
matedlight sourceparameters.Secondly, asphereis optimal
becauseit hasanevendistribution of surfacenormaldirec-
tions, enablingus to evenly capturethe spatialdistribution
of light comingfrom thesceneradiancesphere.Thirdly, the
virtual probeis chosenasan Lambertianreflectorsincein-
cludingaglossyreflectioncomponentwould involveworry-
ing aboutviewpoint dependency of thecomputedradiance.
With a Lambertian(purelydiffuse)reflectionviewpoint de-
pendency is notaproblem.

For renderingthevirtual proberadiancesunderthegiven
sceneradiancespherewecouldchooseany reflectionmodel,
but we have chosenthe Phongshadingmodel1 due to its
simplicity andbecauseit is sufficient for diffusereflection.
Sincewe only considerdiffusereflectionthePhongshading
modelcanbeformulatedas:

RR
i �

K

∑
j � 1

kd � CR � LR
j � ���

ni �
�
l j � (1)

RG
i �

K

∑
j � 1

kd � CG � LG
j � �	�

ni �
�
l j � (2)

RB
i �

K

∑
j � 1

kd � CB � LB
j � ���

ni �
�
l j � (3)

whereRR
i , RG

i , andRB
i aretheRGB radiancesfrom point

numberi on the probesurface,kd is the diffuse reflection
coefficient of the probesurface(hereset to 1), CR through
CB arethe RGB valuesrepresentingthe color of the probe
surface(hereall setto 1), LR

j throughLB
j aretheRGB radi-

ancesof the jth point on the sceneradiancesphere,i.e. the
jth light sourcein the image-basedlight environment.K is
the numberof suchsources,typically several thousands.

�
ni

is theunit normalof theprobesurfaceatpointnumberi, and�
l j is the unit directionvectorfrom probepoint numberi to
environmentlight sourcenumberj.

In our implementationwe have usedsub-sampledicosa-
hedrafor the virtual probeandthe sceneradiancespheres.
We typically use320 facesfor the virtual probe,and5120
facesfor thesceneradiancesphere.For bothspheresweuse

the centroidof eachfaceasthe points in conjunctionwith
eqs.1 through3. Computingtheproberadiancesis themost
timeconsumingstepin ourapproach.To compute320RGB
proberadiancesin a 5120sourcesimage-basedlighting en-
vironmenttakesa few minutesin Matlab. In a C++ imple-
mentationit would take a few seconds.Figure2 showedthe
probein thebotanicalgardenscenario.

Figure4 shows an omni-directionalsceneradiancemap
from anotherindoorscenariodominatedby lighting coming
in from 3 largewindows. In this context it is appropriateto
introducehow we dealwith the problemthat thereis lim-
ited dynamicrangein imagesacquiredwith a normalcam-
era.Thelight comingthroughthewindows is sointensethat
if the windows shouldnot be over-exposedthe rest of the
scenewould be severely under-exposed.We dealwith this
in thesameway asin 4, namelyby combiningimagestaken
with varyingintegrationtimes.Thiswaywegetmuchhigher
dynamicrangeallowing for non-saturatedpixelsin thedirec-
tionsof thedominantlight sources.

Figure5 shows thevirtual proberadiancescorresponding
to thesceneradiancemapin figure4.

3.2. Approximating true radiances with a few point
light sources

Virtual probe radiancesas exemplified in figures2 and 5
form thefoundationfor thesecondstepin ourapproach:es-
timatingtheparametersof asimplifiedlighting environment.

Real-timerenderinglibrariessuchasOpenGLsupportat
least8 light sources,plus an ambientlight term, and the
shadingin OpenGLis performedusingthe Phongshading
model1. Our objective is to utilize theOpenGLPhongshad-
ing toapproximatethecomplex IBL describedin section3.1.
I.e.,wherenormalIBL would useseveralthousandsof light
sourcesdistributed evenly over all directionsin the scene,
we arenow aimingat figuring out whereto placea handful
of light sources,andwhatradiancesto give them,in orderto
gettheapproximatelythesameshadingresult.

Whenincludingtheambientterm,andallowing for M di-
rectionallight sources,whereM is small,thePhongshading
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Figure 5: Theradiancesof thevirtual probewhenrendered
insidethelighting environmentof thehall scene. In thiscase
thevirtual probeis showndirectlyfromaboveandthethree
windowsdominatingthesceneradiancemapare directly in
thetop relativeto theshownprobe.

modelcanbe written asthe following (again excluding the
specularreflectionterm):

R̄R
i � ka � CR � LR

a 

M

∑
j � 1

kd � CR � LR
j � �	�

ni �
�
l j � (4)

R̄G
i � ka � CG � LG

a 

M

∑
j � 1

kd � CG � LG
j � �	�

ni �
�
l j � (5)

R̄B
i � ka � CB � LB

a 

M

∑
j � 1

kd � CB � LB
j � �	�

ni �
�
l j � (6)

whereR̄R
i , R̄G

i , and R̄B
i arethe RGB radiancesof the ith

point on thevirtual probein thesimplifiedlighting environ-
ment(not to confusethemwith theradiancescomputedus-
ing IBL, asrepresentedby eqs.1 through3). ka is the co-
efficient of ambientreflection,LR

a throughLB
a arethe RGB

radiancesof theambientlight, andall theotherparameters
have thesamemeaningasin eqs.1 through3.

Now, we are interestedin minimizing the differencebe-
tweenthe full K sourcesIBL andthe simplified M sources
shading.RR

i , RG
i , andRB

i aretheproberadiancescomputedin
section3.1,sothey representthreeknown numbersfor each
pointontheprobesurface.Ourtaskis thusto find theparam-
eterswhichbestsatisfythehomogeneousequationsystem:

RR
i � ka � CR � LR

a �
M

∑
j � 1

kd � CR � LR
j � ���

ni �
�
l j � � 0 (7)

RG
i � ka � CG � LG

a �
M

∑
j � 1

kd � CG � LG
j � ���

ni �
�
l j � � 0 (8)

RB
i � ka � CB � LB

a �
M

∑
j � 1

kd � CB � LB
j � ���

ni �
�
l j � � 0 (9)

Theunknownsin this equationsystemaretheparameters
which we have to estimate.LR

a , LG
a , and LB

a representthe
threeunknown ambientradiances.The LR

j , LG
j , andLB

j pa-
rametersrepresentthe3M unknown radiancesof theM light
sources.Furthermore,the

�
l j vectorsrepresent2M unknown

light sourcedirectionsif eachlight directionvectoris writ-
tenas:

�
l j � sin

�
θ j � cos

�
φ j � cos

�
θ j � cos

�
φ j � cos

�
θ j � ,

i.e., theunknownsaretheθ j andφ j parameters.

All in all thereare3 
 5M parametersto estimate.Let N
denotethe numberof pointson the virtual probe(typically
320 in our experimentsso far). We thenhave 3N equations
and 3 
 5M unknowns, and the equationsare highly non-
linear dueto the way the light sourcedirectionparameters
influencetheradiances.We have employedtheNewton’s it-
erationsmethodfor iteratively solving for the optimal val-
uesof theunknowns.A in-depthdescriptionof theiterative
schemeis givenin 6, andit is beyondthescopeof thispaper
to describeit. ThemethodinvolvescomputingtheJacobian
matrix of the equationsystem,i.e., the first derivatives of
eachequationwith respectto all the unknown parameters.
This is tediousbut straight forward in our formulation as
givenin eqs.7 through9.

Figure6 shows two examplesof estimatedsimple light-
ing environmentscorrespondingto the hall scenarioshown
in figure 4. In the latter example,with ambientlight and4
directionalsources,the 3 estimateddominantsourcescor-
respondexactly to the locationsof the3 windows. The last
sourcecorrespondsto thediffusereflectionfrom thealmost
white wall oppositethewindows. Interestingly, theradiance
of theestimatedambienttermis of a color which is similar
to thecolor of thefloor in thescenario.Figure7 shows the
estimatedambientlight color.

The issueof which ambientreflectioncoefficient, ka, to
chooseis complex andcannotbedealtwith in depthin this
paper, but we will give a basicoutline of the issue.If ka is
set to zero,no ambientterm is estimatedandthe proposed
procedurewill attemptto accountfor all the image-based
lighting using the specifiednumberof directionalsources.
If a non-zerovalueis chosen,theambientradianceswill be
estimated.If ka is setto 0 � 1 theestimatedambientradiances
will just be10 timeslower thanif ka weresetto 1� 0. Never-
theless,it is importantthatthecoefficient is setto something
which is approximatelywhatwill beusedfor theactualreal-
timerenderingof virtual objects,otherwisetheradiancebal-
ancebetweenambientanddirectionallight will not becor-
rect.

As with all iterativeschemestheNewtoniterationmethod
requiresinitial valuesfor all unknown parameters.We use
1 � 0 for all RGB radiances,and initially placethe M direc-
tional sourcesso they arefairly evenly distributedover the
view sphere.Convergenceon the parameterestimationis
achieved in about20 iterations,and it takesa few seconds
in our Matlab implementation.The time is primarily spent
onrenderingtheradiancesof thevirtual probegiventhecur-
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Figure 6: Twoestimatedlighting environmentsvisualizedby
howthey wouldshadethevirtual probe. Thetopexamplein-
cludesanambientlight termandonedirectionalsource. The
bottomexampleincludesandambientterm and4 direction
sources.Both are visually quite closeto the ’groundtruth’
shownin figure5, but thebottomfigureshowsa much better
shadingdepthin theareapointingawayfromthedominant
light sources.

Figure 7: Thefigure showsthecolor of theestimatedambi-
entlight for thehall scenario.

rentparametervaluesat eachiterationstep,(to computethe
RR

i , RG
i , andRB

i valuesfor eqs.7 through9).

4. Real-time rendering of virtual objects

Having thus describedthe off-line stepsin our approach,
the stepsleadingto the estimatedparametersfor a simpli-
fied lighting environment,we cannow proceedto giving a
brief overview of the on-line, real-timephase.In the real-
time phasewe apply the estimatedlighting parametersdi-
rectly in an OpenGLimplementationof a renderer, which
visualizestwo components:1) theomni-directionalscenera-
dianceimagemappedto theinsideof a largesphere,provid-
ing the real imagebackgroundfor the scenario,and2) any
virtual objectsonemight desire.Thefirst componentis not
subjectedto any lighting, it is just showing the real scene
imageasa texture.Thesecondcomponentis renderedwith
shadingaccordingto theestimatedlighting parameters.Fig-
ure8 shows severalviews of this for thehall scenario,with
arbitrarilydistributedwhitespheresto giveanimpressionof
thevirtual lighting environment.Theimplementationrunsat
+100framespersecondonaGeForce4 card.

It is easyto seethatthedistribution of lighting directions
is in goodcorrespondencewith therealscene,andit canalso
beseenthattheambientterm,which dominatestheshading
on thedarksidesof theballs,givesanappropriatesoft red-
dishshine,consistentwith thereddishfloor andthecreamy
coloredwalls in thescene.

To additionallyvisualizetheresultswehaveimplemented
a simpleshadow algorithmbasedon a generalizationof the
perspectiveprojection,to projectthevirtual objectsto planes
in the environment.The implementedmethodis described
in e.g. 14� 13, and doesnot producesoft shadows (penum-
bra),onlyumbra.Figure9showsarectangloidobjectcasting
shadowson thefloor.

The shadows are implementedasalphaoverlays,where
thealphavaluesandoverlaycolorsarecomputedsoasto be
appropriategiventheestimatedlighting parameters.Ourap-
proachis inspiredby 11, andthebasicideais to computethe
radianceof apointwhenit is lit by all sources,andcompute
theradiancewhenthepoint is not lit by the jth source.The
ratiosbetweentheseradiances,a ratio for eachof the three
RGB components,carry the informationneededto change
the radiancein a given point in the scene,if the jth source
causesa shadow from thevirtual objectto fall on thatpoint.
But where11 develop the ideafor a global illumination ap-
proachto compositingvirtual objectsinto real scenes,we
have developeda methodfor establishingtheoptimalalpha
andcolor valuesfor an overlay which canbe usedin con-
junctionwith real-timegraphics7. It is beyond the scopeof
this paperto recapitulatethis method.
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Figure 8: Four differentviewsof thehall scenariowith randomlyplacedwhiteballs to illustratetheshadingresultingfromthe
estimatedlighting conditionswith ambientplus4 directionalsources.Theviewsarerenderedwith a largefield-of-view to make
it easierto orient theviewsrelativeto thescenario,therefore theballsaresometimesdistorted.

5. Discussion

In this paperwe have focusedsolelyon diffusereflectionof
the virtual objects.To have morefreedomto visualizevir-
tual objectswith different reflectancepropertiesit is natu-
rally possibleto adda non-zerocoefficient of specularre-
flection,ks, in thereal-timerenderingof virtual objects.The
estimatedlocationsof directionalsourcesarecloselyconsis-
tentwith directionsof dominantlight in thesceneradiance
sphere,andthereforeaddingaspecularreflectiontermin the
renderingwouldgivecredibleresults.

Completelyspecularsurfaceswouldnotgivegoodresults,
though,sincetheestimatedsourcesarein effectpoint sized.
If onewantedto give theillusion of highly specularsurfaces
the proposedapproachcould be combinedwith a level of
environmentmapping.

Another subjectof future researchis the numberof es-
timated light sourcesused.Currently, the userdetermines

the numberof virtual light sourceswhich shouldbe used
to approximatethe image-basedlighting. We will develop
methodsto automaticallyfind thelowestnumberof sources
which will result in shadingerrors below somepredeter-
minedthreshold.An issuein this context is thevaluesused
asinitial guessesfor parametersin theiterativeestimation.In
thispaperwegetfineconvergencewith moreor lessarbitrar-
ily choseninitial guesses,but preliminarywork hasshown
that automaticdeterminationof initial parametervaluesis
key to seriouslyminimizing the numberof sources.Mini-
mizing thenumberof sourcesis importantin orderto main-
tain real-time performancefor more complicatedshadow
castingapproaches.

6. Conclusion

The paperaddressedthe problemof trying to achieve real-
time performancewhen renderingvirtual objectsinto real
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Figure 9: A virtual objectcastingshadowsin the hall sce-
nario. The three upward shadowscorrespondto the three
windowscastinglight from behindthe viewing position.A
fourth shadowis cast by a weaklight source estimatedto
accountfor thereflectionoff thewall in thebackground.

sceneswhile taking real scenelighting into account.With
image-basedlighting (IBL) as the starting point we pre-
sentedamethodfor computingalightingenvironmentwhich
is of drasticallyreducedcomplexity, but still producesshad-
ing resultsthat arevirtually indistinguishablefrom what is
obtainedwith non-real-timenormal IBL. Normal IBL in-
volvesrenderingwith thousandsof light sources,andwith
themethodpresentedhere,goodresultscanbeachievedwith
lessthan10.

The presentedapproachis completelyautomaticas the
useris only requiredto specifyhow many light sourcesto
spendon approximatingthe real sceneradiance.The main
scopeof our futureresearchis to automatethechoiceof the
numberof light sources.
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