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Abstract
Marny scatteringnodelshave beenproposedn the graphicdliterature. Few of them,however, have beenevaluatedthroughcomparisons
with real measurediata. As the demandfor plausibleand predictablescatteringmodelsincreasesmore effort is focusedon performing
suchcomparisonsin this paperwe examinethe implementatiorof virtual goniophotometriclevicesusedto evaluatealgorithmicscattering
models,focusingon practicalissuesnamelythe subdvision of the collectorsphereandthe ray densityrequiredto obatainreliableBRDF
andBTDF estimatesOur discussiorof theseissueds supportedy experimentavhoseresultsarealsopresentedh this paper

1 Introduction

Thegroupof measurementsecessaryo characterizdoththe color andsurface nish of anobjectis calledthe measuemenof appeaance
of anobject[15]. Thisgroupof measuremenigvolvesthespectrakenepy distribution of propagatedight, andthespatialenepgy distribution
of thatlight, measuredn termsof bidirectionalsurface-scatteringlistribution function(BSSDF or simply BDF). Thechangesn the spatial
distribution of the propagatedight affect appearanceharacteristicsuchasgloss,re ection haze transmissiornaze Justerandtransluceny.

Actual BDF measurementzreperformedisinggoniophotometerd 5, 17]. In thispapemwe discusscomputessimulationsof thesedevices,
henceforttralledvirtual goniophotometersThe useof suchdevicesgivesuscontrolover the spectraldatageneratiorfrom computemodels
usedto simulatethe scatteringpro le of variousmaterials,andallows us to performexperimentsat different samplingresolutionswhich
areimportantrequirementsn rendering.Besidegheir usein datacollection,thesedevicescanalsobe usedto determinethe plausibility of
scatteringnodels.

Whenvirtual measurementlevices are discussedn the computergraphicsliteraturethey are usually presentedn connectionwith a
scatteringnodel.For example,Gondeketal. [11] have usedadevicefor spectrabndspatialmeasurements,virtual goniospectrophotometer
presentedas an optics model and a capturedome usedin conjunctionwith a geometricmodel of surfacemicrostructure. Although our
discussioris relatedto applicationdnvolving algorithmicmodels,our maingoalis to describethe formulationof virtual goniophotometers,
andto examineimplementatiorissueqcollectorspheresubdvision andray density)thataffect the accurag/costratio of the measurements,
without focusingonary speci ¢ model.

Theremaindeof this paperis organizedasfollows. In Section2, we provide goniophotometribackgroundnformation.In Section3, we
highlight the main applicationsassociateavith this researchandpresenthe generalformulationof virtual goniophotometerdn Sectionst
and 5, we discusdssueghataffect boththe accurag andef ciency of thesevirtual devices,namelythe subdvision of the collectorsphere
andthe ray densityof the measurementsThis discussioris supportedby experimentsdescribedn Section6. Finally, in Section7, we
summarizeéhe mainaspectof thisresearch.

2 Goniophotometric Background

2.1 Spatial Light Distrib ution

The BDF hastwo componentsnamelythe bidirectionalre ectancedistribution function (BRDF), , andthe bidirectionaltransmittance
distributionfunction(BTDF), . It is usuallyexpressedn termsof theratio betweerthespectratadiancepropagate@tapoint of asurface
in thedirection andthe spectralradiantenepgy (per unit of areaand per unit of time) incidentfrom a direction  atthe point of the
surface:

if
if @

where:
BDF of thesurfaceat
spectrakadiancepropagatect andin adirection
spectraincidentradianceat andin adirection
anglebetweerthesurfacenormalat  andthedirection
differentialsolid angleatwhich  arrivesat .

An importantpropertyof the BDF is its symmetryor reciprocitycondition,which is basedon HelmholtzRecipocity Rule* [4]. This rule
stateghatthe BDF for a particularpointandincomingandoutgoingdirectionsremainghe samef thesedirectionsareexchanged|t allows,

1Theoriginal statementf HelmholtzRecipocity Ruledoesnotincludenon-speculare ection of anysort[4, 31]. Recentlyveach[31] derivedareciprocity
conditionfor generaBDFsusingKirchhoff'slawsregardingradiative transfer{30].



for instance the “forward” simulationof light raystraveling from a viewer to a light source which is usedby global illumination methods
[18, 26]. Quantitatvely, this conditioncanbe expresseds:

@)

Anotherimportantpropertyof the BDFsis thatthey mustbenormalizedj.e., consere enepgy. This meanghatthetotal enegy propagated
in responseo someirradiationmustbe no morethanthe enegy receved[10]. In otherwords,for ary incomingdirectionthe radiantpower
propagateaverthehemisphereannever bemorethantheincidentradiantpower[20]. Any radiantpowerthatis notpropagateds absorbed.
Formally, in the caseof re ection of light, the so-calleddirectional-hemisphericak ectance[1] shouldthereforebe lessthanor at most
equalto 1:

incomingdirections 3)

where:
BRDF of thesurfaceat ,
anglebetweerthe surfacenormalandthe outgoingdirection
differentialsolid angleatwhich theradiances re ected.

A similar relationgivenin termsof the directional-hemisphericatansmittancg1] andthe BTDF is usedfor the transmissiorof light.
BRDF andBTDF models,or simply BDF models thatareenegy-conservingandreciprocalareconsiderecphysicallyplausible’. Thisis a
crucialrequiremenfor physically-basedenderingframevorksaimedat globalillumination applications.

2.2 General Characteristics of Actual Goniophotometer s

A goniophotometeffrom greek:gonio-photo-meter=angle-light-measuriigjle ned asaninstrumenthatmeasuregsadiant ux (power)as
afunctionof anglesof illumination andobsenation[7]. Thesemeasurementsanbe performedin differentways,and,asaresult,thereare
mary possiblecon gurationsfor thesedevices.Computeigraphicsesearchersave proposedxtensiongor industrymadegoniophotometers
[9] aswell asnew designshasedon the useof digital camerag19, 32, 24]. A review of thesedevicesis beyond the scopeof this work. A
readerinterestedn moredetaileddescriptionof goniophotometersisedin computergraphicsis referredto more comprehensie worksin
thisarea[9, 25].

Goniophotometerarealsoimportantbasictools for fundamentatesearctin colorimetry[23], solarengineerind8], plantbiochemistry
[3, 16] andremotesensing6, 16]. For instance Figurel shovs photograph®f a goniophotometetusedby Combeset al. [5] to measure
BDFsof plantspecimensThelight ux whichis incidentonthespecimercomesfrom anemitter After beingre ectedor transmittecby the
specimenit is capturedoy a detector(photometer).For BRDF measurementthe detector(spare placedin hemispherabove the specimen
(Figurela)andfor BTDF measurementthe detector(spreplacedin hemispherdelon the specimer{Figurelb).

Figure 1: Photograph®f a goniophotometeshowing different set-upsfor: BRDF (left) and BTDF (right) measurements(Courtesyof
Stephandacquemoud.)

A comprehensie goniophotometrigecordfor a simplespecimerwould requirea formidablenumberof measurementasmentionedoy
JuddandWyszecki[17] andGreenbeg etal. [13]. Boththeemitterandthephotometewould have to bemovedindependentlyf oneanother
to every positionon the hemisphereIn orderto illustratethis aspectluddand Wyszeckiperformthe following calculation. Supposehat
oneworkswith a fairly large solid angleof approximately0.005steradiarfor eachaperture.To cover the entirehemispherg2 steradian)
ascloselyaspossiblewith suchan aperturewithout overlapping,we mustuseabout1000differentpositions. With both the sourceandthe
photometemaovedin eachof the 1000positionsoneendsup making1 million measurements!

For mary specimenshe mostinformative goniophotometricataaretakenin the planecontainingthe directionof theincidentlight and
thenormalof thespecimenMany actualgoniophotometerareabridgedo this extent. Theemittermovementgoesfrom to

2Lewis [21, 22] usestheterm“plausible” to describeBDF modelswhoseexistencedoesnot violatethe laws of physics.



andthe photometemovementranges to . Assumingthe sameaperturesizesasbefore this abridgedgoniophotometric
recordwould contain datapoints.

Thebest-designedest-constructedndbest-calibratedpectrophotometesdill yield resultsthatdiffer from onemeasuremerib thenext.
Thesedifferencesor uncertaintiesare net resultsof combinationsof mary small uctuations dueto independentariationsof different
component®f theinstrumentdifferentfactorsin the environmentandhow the specimerin handled.

3 Virtual Goniophotometry

3.1 Applications

Two applicationsof virtual measurementare especiallyrelevant for biologically and physically-basedendering. The rst application
correspondso virtual measurementaimedat the testingand evaluationof BDF modelsthroughcomparisonsith actualmeasurements.
Obviously, thesemodelscanbe veri ed againstmeasurementsf realmaterials.However, in orderto obtainthe readingsfrom a computer
modelin the rst place,onemustperformacomputersimulationof the inputsandoutputsof the model,i.e., usea virtual goniophotometer
In this case,in orderto minimize the introductionof biasin the comparisonsthe formulationof this virtual device hasto reproduceactual
measuremertonditionsasfaithfully aspossible.

The secondapplicationcorrespondso datageneratiorfrom previously validatedcomputemmodels. This may involve a large numberof
measurementsith respecto differentwavelengthsandilluminating geometries Suchdatacansometimede foundin theliteraturewhere
actualmeasurementisom real materialsarereported.However, moreoftenit is not available,and,evenwhenit is available,it is only for a
restrictednumberof measuremerton gurations. The usevirtual goniophotometerallows theremoval of thisrestriction.

3.2 General Formulation of Virtual Goniophotometer s

In orderto simulateradiancemeasurementgserformedby placingthe photometeat differentviewing positions,onecanuseradianceletec-
tors,which arerepresentetdy the patcheof a collectorsphereplacedarounda specimen Figure?2 presentsa sketchshoving the principal
component®f avirtual goniophotometeandtheirgeometricabrrangementThelight ux incidentonthespecimercomesfrom theemitter
throughpatch . Thelight ux viewed by the photometeiis delimitedby patch . Both the directionof illumination andviewing canbe
variedindependentlyvithin the hemispherabove the specimenThe positionof emitterandpatch is givenby its azimuthangle  andits
polarangle . Thepositionof photometeandpatch is givenby its azimuthalangle  andits polarangle

photomete!

ﬂ emitter

specimer

Figure2: Sketchof avirtual goniophotometer

Using this arrangementthe BRDF for a directionassociatedvith a given radiancedetectorplacedin the upperhemisphereanbe de-
terminedin termsof radiantpower. More speci cally, it is given by the ratio betweenthe radiantpower reachingthe detectoy , after
interactingwith the specimenandtheincidentradiantpower,  [12].

Thecorrespondingxpressiorusedto computethe BRDF for light incidentat wavelength , consideringhesolid anglein thedirectionof
incidence, , andthesolidanglein thedirectionassociateavith theradiancedetector , is givenby:

4)

where:
projectedsolid angleregardingthedirectionassociatedvith the radiancedetector



In turn, the projectedsolid angle is givenby:
®)

where:
areaof theradiancedetector
distancefrom the specimerto theradiancedetector
anglebetweerthedirectionassociatedvith the radiancedetectorandthe specimemormal.

Consider raysshottowardsthespecimerfor agivenwavelength , andassumehateachray carriesthe sameamountof radiantpower,
. If thetotal radiantpowerto beshotis , thentheradiantpower carriedby eachray is givenby [26]:

— (6)
Also, theradiantpower reachingthe radianceletectorcanbe written as:
Q)
where:
numberof rayshitting aradiancedetector
Thus,replacingequation6 andEquation7 in Equationd, the expressiorto computethe BRDF reducego:
— ®

Similarly the BTDF is calculatecassumingheradiancedetectorsareplacedin thelower hemisphere.

For applicationgnvolving datageneratiorfrom a previously validatedmodel,the sampleraysareusuallycollimated,i.e., the samplerays
have the sameorigin and hit the specimerat the samepoint. For applicationsnvolving comparisonsith actualmeasurementthe actual
measuremertdonditionsmustbe reproducedsfaithfully aspossible.In thesesituationsthe sampleraysaredistributedangularlyaccording
to the geometricabrrangementf the surfacesusedto representhe emitterandthe specimen.As mentionedoy Crowther [6], the incident
radiationfrom an emittershowns no preferencdor oneangularregion over the other So,in orderto simulatethesemeasuremertonditions,
theoriginsandtargetsof theraysarerandompoints(or samplepoints)choseron thesurfacesisedto representhe emitterandthe specimen
respectiely. Several samplingstratgiescanbe usedto selectthesesamplepoints. In this paperwe do not intendto determinethe most
accurateor the mostef cient samplingstratgy. The meritsanddravbacksof differentsamplingstratgies have beenadequatelycovered
elsavhere[10, 26, 28].

For the sakeof completenessye indicatea strat@y thatcanbe usedin theseapplicationswhich is basedon the classicalMonte Carlo
strati ed sampling[14] or jitteredsampling[26]. It usesawarpingtransformatiorto guarante¢hatthe samplepointsarereasonablyequidis-
tributedon adisk of radius . This transformatioris basedn thefollowing probabilitydistribution function[27]:

— ©)
which enableghe computatiorof the pair throughthefollowing warpingfunction [29]:
- — if and
- — if and
- — if and (10)
- — otherwise
where . Thiswarpingfunctionpreseresfractionalareaandis bicontinousthusif ~and arerandomlyequidistritutedthe

functionguaranteetheir pointson the disk will alsoberandomlyequidistrituted.

After generatinghe and coordinate®f a samplepoint,the coordinateis added.For a samplepoint on the specimen, is equalto
zero,and,for asamplepointontheemitter  will correspondo thedistance betweerthe disks. Finally, to obtainthe origin of a sample
ray, the correspondingamplepoint ( ) ontheemittershallberotatedaccordingo a speci edincidencegeometrygivenby  and

4 Collector Sphere Subdivision

4.1 Equal Angular Intervals

The simplestway to subdvide the collector sphereinto patchess to usesphericalcoordinates, and — (Figure3),
sampledat equalangularintenvalsalongboth coordinatedirections.In this casetheresultingpatcheswill not have the samearea.Notethat
the computationof the BDFs involvesthe computationof the projectedsolid angle(Equation5) for eachpatch,which, in turn involvesthe
computatiorof the areaof the patchandthe speci cationof theangle

Considera patch given by the sphericalcoordinates and (Figure 3). Intuitively  should correspondto
Note thatin the computationof the projectedsolid angle we needto computethe . Our experiments(Figure 4) shav that using
, onecanobtainmoreuniform resultswhenthespherds subdvidedinto asmallnumberof patchesAs one
subdvidesthe spheranto alarger numberof patchesthedifferenceslecreasesince tendsto be samefor bothapproaches.




Figure3: Sphericalkcoordinatesisedin the subdvision of the collectorspherdnto patches.
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Figure4: Differencebetweeraveragingin termsof andaveragingin termsof .

4.2 Equal Solid Angles

Anotherapproachthat canbe appliedis the subdvision of the collectorsphereinto regions of equalsolid angles,i.e., the patcheson the

collectorspherewill havethe samearea.ln this casethe parametespaceepresentetly will bedividedinto equalintervalsasin

thepreviouscase.Thevaluesfor the sphericalcoordinate arechoserto guarante@qualareapatches.
Consideringhegeometrypresentedh Figure5, the smalltrianglehastherelationship:

— 11)
andthelargetherelationship:
- 12)
and
— 13)
so
(14)
Theintegral of thesphericasegmentbetween and s therefore:
— (15)

Hence eachslice of the samethickness, , hasthe samesurfaceareaaroundtheslice.
Consideringheupperhemispherelividedinto equalthicknessslices,theangles and limiting agivenpatcharegivenby:

— (16)



Figure5: Geometryusedto subdiide the collectorsphereinto equalsolid angleregions.

and
(17)

Theissuegaisedin the previoussectionwith respecto the choicefor  alsoapplyto this subdvisionapproachlin factour experiments
(Section6.1) shav minor improvementsin the accurag of the measurementsThe computationof the areashowever, canbe donemore
efciently thanin the previouscase sinceall patcheshave the samearea.ln the equalangularintervalstechniquethe areasarenot the same
for all patcheswhich resultsin more ops expendedn their computation.

4.3 Equal Projected Solid Angles

Thethird approachexaminedin this papersubdvidesthe collectorsphereinto regionsof equalprojectedsolid angles.Like in the previous
casestheparametespaceepresentetly is dividedinto equalintervals. Thevaluesfor the sphericalcoordinate arecomputed
takinginto accountthede nition of projectedsolid angles.

Considetthe upperhemispherabove the specimenlts projectedsolid angleis givenby:

—_— — (18)

Using the integration above, the projectedsolid angleof a slice limited by and s given . Consideringthe
hemispheralividedinto  slicesalongthe parametespacerepresentetdy , we canobtainthefollowing relationship:

— 19)

In thisapproactthechoiceof  is embeddedh theintegrationleadingto the equalprojectedsolid angles As aresult,the computatiorof
the projectedsolid anglesis performedmoreaccuratelyandef ciently . Moreover, our experimentgSection6.1) shav thatthe corvergence
of the BDF valuesis uniform even consideringa smallnumberof patchesno mattertheir position.

5 Ray Density

Anotherkey questionto be addressedvhen performingvirtual goniophotometrianeasurements how mary raysshouldbe castby the
emitterelementj.e., how large should  be. Usingasufciently large numberof samplerays,onewill have a high probability of obtaining
estimatesvithin theregion of asymptoticcorvergenceof the expectedvaluesof a BDF beingmeasuredThe computationatosts however,
grow linearly with respectto the total numberof samplerays sincethe implementationcostis constantperray. The purposeof the
following analysigs, thereforeto determinea satisfactorypoundfor ~ suchthatwe canobtainBDF estimatesvith a higherreliability/cost
ratio. In this context theterm“satisfactory”’meangakinginto accounthe uncertaintyof the actualgoniophotometewhosereadingswve are
comparingthe measurementsith, andaimingatan errortolerancecompatiblewithin renderingrequirements.

Baranosketal. [2] have shawvn thatthe exponentialChebyshe inequalitycanbe appliedto obtainaboundfor the numberof samplerays
requiredto obtainan asymptoticallycorvemgentvaluefor theratio — with respecto a singleradiancedetector . In this case,it canbe
shawn [2] that:

— (20)
where:
probabilityof
probability of aray hitting theradiancedetector ,
errortolerance.

Theoreticallythecon dence in aestimationis a positve numbersuchthat:

— (1)



where
— (22)
Usingtheinequalitiesabove, Baranoskiet al. [2] shovedthatthe boundon the numberof sampleraysis givenby:
- (23)
Thesenequalitiescanbegeneralizedor  patchegor radiancedetectorspsfollows:
— — (24)
Resultingin:
T (25)
Forlargevaluesof , theinequalityabove reducego:
(26)
andthenumberof raysis givenby:
- (27)

6 Experimental Evaluation

Theexperimentgpresentedh this sectionaddressmplementatiorandusagdassueslirectly associateevith thereliability of virtual goniopho-
tometerdn generalj.e., we arenot targetingthe reproductiorof measurementgerformedby a speci ¢ goniophotometerHence we usea
virtual devicewhosecollectorspherehasunit radiusandconsidercollimatedincidentbeamsn thesesxperiments For the sakeof consisteng
we usethesameangleof incidenceg( ) in all experiments Sincethe proceduresrethe samefor bothBRDF andBTDF measurementsye
focusour obsenationsin theformerandwork with the upperhemisphere.

6.1 Subdivision Errors

In our evaluationof error propagatiorassociatedvith subdvisiontechniqueslescribedn Sectiond (Figure6), we considera specimerwith
perfectdiffuse (Lambertian)re ective propertiesfor two reasons.First, its BRDF with respecto ary directionis known, i.e, -

, whichis corvenientfor errorcomparisonsSecondhe cosinedistributionsof there ectedraysallow abettercomparisorof theerror
propagatiorwith respecto differentcollectorpatchesin our experimentsve usea collectorhemispherevith aresolutionof patches
giving 900outgoingdirections which would beenoughto allow comparisonsvith atypical setof actualmeasurement®r a singleisotropic
material[13].
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Figure6: Subdvisiontechniquesequalangularintenals (left), equalsolid asolidangleg(right).

Figure7 presentsoot-mean-squaRMS) error[1(J comparisongonsideringhethreesubdvisionsdescribecdkarlier Althoughthe RMS
erroris lower for experimentsusingthe equalprojectedsolid anglestratey, the differenceslecreasavith anincreasan the numberof rays
asexpected.

It is worth noting, however, thatthe RMS is a global measurei.e., low RMS error doesnot guarantedow error for individual patches.
Thegraphspresentedn Figure8 show the BRDF valuesfor threepatchesonasameplane( x ed ), top, middleandbottom(grazingangle).
As we cansee,usingthe the equalprojectedsolid anglestratgy (Figure8c), the BRDF valueswith respecto threepatchexonvergemore
uniformly to the actualvaluethanusingthe othertechniquegFigure8aand 8b).
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Figure8: BRDF valuesfor threedifferentpatchegqcollectorhemispheraesolution patcheslsing: equalangularintenals (left),

equalsolid angles(center)andequalprojectedsolid angle(right).

6.2 Ray Density Bound

For virtual goniophotometrianeasurementaimedat renderingapplicationsone needssolutionsaccurateto only 1-10%, sincehumansdo
notperceve ner variationsof light, which, in turn, allow usto set . Also, accordingto dataprovided in the measuremeriiterature
[9] the uncertaintyof actualgoniophotometeris around0.5%or higher, which allow usto set . Usingthe proposedupperbound
presentedh Section5, thenumberof raysrequiredto obtainasymptoticallycorvergentreadingds givenby , where istotal
numberof patcheof thecollectorhemisphereln all experimentpresentedh this sectiorwe applythe equalprojectedsolid anglesstratey
to subdvide the collectorhemisphere.

We performedBRDF measurementfor a diffuse materialusingthreedifferentresolutionsfor the collectorhemispherenamely10x10,
30x30and 100x100patches.Applying the proposedboundfor the 10x10resolution,one can expectasymptoticallycorvergentreadings
usingatmost  rays.For the30x30resolution  raysaresufcient to obtainasymptoticallyconvergentreadingswhile for the 100x100
resolutiononewould needa larger numberof rays. Theseaspectsanbe visually obsenedin Figure 9 which presentghe pro les of these
BRDF measurementd-heseerrorpropagatiorirendscanalsobe quantitatvely veri ed throughthe RMS errorspresentedn Tablel.

Sincea computemodelis lesspredictablehanmeasuringphysicalphenomenait would be importantto verify thatthe corvergenceof
the measurements not restrictedto a singleplane. Figure 10 present8RDF measurementfor the samediffuse materialto illustratethis
aspectFurthermoreit is worth notingthatthis trendis notrestrictedio lambertianrmodelsasillustratedin Figure11, which present8RDF
measurementwith respecto a modelfor glossymaterials.In facta Lambertianmodelwasusedin theseexperimentdbecausét represents
theworstcasescenearion which theraysareevenly distributedamongthe patches.

For modelssimulatingmaterialswith a strongerspeculabehavior the numberof raysrequiredto obtainasymptoticallyconvergentresults
will at leastone order of magnitudesmallerthan the numberprovided by the proposedboundasillustratedin Figure 12. This aspect
suggestshat in theproposedoundcouldbereplaceby  representinghenumberof patcheonthecollectorspherewithin the specular
lobe. This parameterhowever, is usuallyunknavn a priori. If we hadan estimatefor it, we could alsousethis estimateto guide a non-
uniform distribution of the collectorpatchesIn the extremecaseof a mirror-like BRDF, is equalto one. Applying the proposedound

rayswould besufcient to obtainasymptoticallycorvergentresults which correspondso the numberof raysrequiredto obtain



N=10P N=10P N-107 N=1C8

Figure9: Pro les of BRDF measurement®r adiffusematerialtakenon the planegivenby thedirectionof theincidentbeamandthenormal
of the specimenand using differentresolutionfor the collector hemisphere:10x10 patches(top), 30x30 patcheg(middle) and 100x100
patchegbottom).

numberof rays
10x10patches | 0.0091| 0.0036 | 0.0009 | 0.0003
30x30patches | 0.0301 | 0.0095| 0.0030| 0.0009
100x100patches| 0.0995| 0.0318 | 0.0101 | 0.0033

Tablel: RMS errorsassociatetb BRDF measurement®r a diffusematerialconsideringhreeresolutiongor the collectorsphereandusing
four ray densities.

N=10° N=10F N=10’ N=1C8

Figure10: BRDF measurement®r adiffusematerialobtainedusinga collectorhemisphersubdiiidedinto 30x30patchesandfour different
ray densities.

N=10P N=10° N=10’ N=108

Figurell: BRDF measurement®r aglossymaterialobtainedusingacollectorhemisphersubdividedinto 30x30patchesandfour different
ray densities.
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anasymptoticallyconvergentvaluefor theratio — with respecto a singleradiancedetector(patch).

N=10P N=1P N=10 N=1C8

Figure12: BRDF measurement®r aglossymaterialwith a strongspeculabehavior obtainedusinga collectorspheresubdividedinto 30x30
patchesandfour differentray densities.

7

Conclusion

In this paperwe examinedpracticalissuesrelatedto the validation of algorithmic scatteringmodelsthroughcomparison®f virtual mea-
surementsvith actualmeasurementConsideringhatmary readingsarerequiredto obtaina comprehensie goniophotometricecordfor a
singlespecimenpur discussiorwasfocusedn stratgiesto raisethereliability/costratio of thesereadings.Our experimentssuggesthatthe
useof a subdvisiontechniquebasedn equalprojectsolid anglesmay provide a moreuniform convergencefor the BRDF estimatesThey
alsoindicatethat the proposedupperboundfor the numberof raysrequiredto obtain asymptoticallycorvermgentestimatesanbe usedto
reducethe computationatostsof the simulations.
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