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Theradiositymethodis avaluableengineeringtool thatcanbeused
to determinewhethera lighting designmeetsprojectspecifications.
As mentionedbyAshdown [3], thismethodhasappearedin theillu-
minatingengineeringliteratureas“radiative transfertheory” since
the1920s[28]. Recently, numericallinearalgebraaspectsdirectly
associatedwith its practicalapplicationin illuminating engineer-
ing simulationshavebeeninvestigatedmorecloselyby researchers
from thelighting community[9, 18, 19].

Thecomputationof form factors,which specifythefractionof
radiationflux thatleavesonesurfaceandarrivesat another, is cen-
tral to the radiositymethod. The errorsintroducedby form fac-
tor computationdirectly affect the correctnessof the radiosityso-
lutions, andmay alsoslow down the convergenceof the iterative
methodsusedto solve radiositysystems.In this paperwe investi-
gatetheerrorsintroducedby differentapproachesusedto compute
form factors,aimingatthedevelopmentof strategiesto reducetheir
deleteriouseffects on the accuracy andefficiency of illuminating
engineeringsimulations.

Several numericalmethodsare available for the computation
of form factors. Generallyspeaking,thesemethodscan be di-
vided into two groups:deterministicandnondeterministic.In or-
derto selectonethesemethods,efficiency andaccuracy criteriaare
taken into account.For off-line computationsof form factorsac-
curacy becomesthemaincriterion.As examplesof applicationsin
whichform factorsareusuallycomputedoff-line wecancitewalk-
throughs[25], sunandshadesimulations[12], andradiativetransfer
studiesin vegetation[7].

Initially, weexaminetheeffectsof theerrorsintroducedby the
numericalcomputationof form factoron thetwo propertiesof the
radiositycoefficient matrix which aredirectly associatedwith the
convergenceof theiterativemethods,namelyits nonsingularityand
its diagonaldominance.Besidesthis theoreticalanalysis,we com-
parethe accuracy of two methodsrepresentingthe deterministic
andnondeterministicapproachesusuallyappliedto computeform
factors. With thesecomparisonswe highlight someimportantas-
pectsthat affect the accuracy of theseapproachesanddiscussthe
differencesin the magnitudeand in the distribution of the errors
introducedby eachapproach.Finally, we proposealternatives to
minimizeerrorsin theform factorsand,consequently, improve the
accuracy andefficiency of illuminatingengineeringsimulationsin-
volving theradiositymethod.

Theremainderof this paperis organizedasfollows. Section2
describesthe radiositysystemof linear equationsandthe formu-
lation of the equationfor the form factorbetweenfinite surfaces.
Section3 outlinesthe implicationsof theerrorsintroducedduring
form factorcomputation.Section4 describesthetwo methodsused
for thecomparisonsandSection5 presentsthecriteriausedto com-
paretheaccuracy of thesemethods.Section6 discussestheresults
of thesecomparisons.Thepapercloseswith asummaryof themain
conclusionsanddirectionsfor futurework.
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Assuminga closedenvironmentwhosesurfacesare divided into] patches,the total spectralradiantflux leaving a patchdepends
on the spectralradiantflux emittedby the patchplus the spectral
radiantflux thatis reflectedfromthepatch.Thespectralradiantflux
depends,in turn,on thetotal spectralradiantflux leaving theother
patchesin the environment. If we consideronly the Lambertian̂
reflective behavior of thesesurfaces,we candrop the directional
andpositionaldependencieson the spectralmeasuresof light. In
this casethe processof spectralradiantflux transferin a closed
environmentcanberepresentedby:_�`badcPe�fg_ih` adcPe�jlkm`&adcPeonp q r ^ s

q `m_ q adcPe
for t fvuxwzy&{|{|{ ] (1)

where:_ ` adcPe f
totalspectralradiantflux leaving patcht ,_ h` adcPe}f
spectralradiantflux emittedby patcht ,k ` adcPe f
reflectanceof patcht ,s q ` f
form factorbetweenpatch~ andpatcht ,_ q adcPe f
totalspectralradiantflux leaving patch~ .

Sinceweareconsideringonly theLambertianreflectivebehav-
ior of the surfacesin the environment,the processof radiantflux
transferonly includesdiffuseBRDFs� whicharegivenby:�K� adcPe�f km`&adcPe� (2)

In thiscasethereflectance
k ` adcPe

representsthefractionof incident
radiantflux which is reflectedback to the environmentat wave-
length

c
by a patcht , and � is incorporatedin thedefinitionof the

form factor
s q `

.MFW�M ��CPAm����OPHI@BCPADQ
Theform factor

s q `
, alsocalledconfigurationfactor, indicateshow

apatch~ “sees”apatcht . In otherwords,it specifiesthefractionof
radiantflux that leavespatch~ andarrivesat patcht . Form factors
dependon theshapeandrelative orientationof thepatchesaswell
asonthepresenceof obstaclesbetweenthem,whichis indicatedby
thevisibility term � aL� q w�� ` e . Theform factor

s q `
betweena patch~ anda patch t (Figure1) canbe determinedusingthe following

expression:�
Ideal diffuseor Lambertiansurfaces,suchaschalk, appearequallybright from

all viewing anglesbecausethey haveaconstantspectralradianceatall viewing angles
understeadylighting conditions[22].�

A BRDF (bidirectionalreflectancedistribution function) is usedto describethe
spatialdistribution of thereflectedlight [17].



s q `2f u� ql�P�����\�P�g�'�x�B�
q �#�I�B� `������ q ` � � � aL� q wz��`me�� � q � � ` (3)

where:� q f
areaof patch~ ,�� q ` f
vectorconnectingapoint

� q
onpatch~

to apoint
� `

on patcht ,� q f
anglebetweenthevector �� q ` andthe
normalof patch~ ,� ` f
anglebetweenthevector �� q ` andthe
normalof patcht ,� � q f
differentialareasurroundingon patch~ ,� � ` f
differentialareasurroundingon patcht ,� aL� q wz� ` e}f
visibility term.
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Figure1: Geometryof theform factorbetweentwo patches.

Althoughthereis in generalno closedform solutionfor Equa-
tion 3, thereareusefulanalyticalformulaefor simplegeometrical
configurations[21, 24, 26, 27]. Theseformulaeare,however, usu-
ally not generalenoughto beusedin globalillumination� . For this
reason,severalnumericalalgorithmshave beendevelopedto com-
puteform factors.As mentionedbefore,thenumericalalgorithms
to computeform factorscanbedividedinto two groups:determin-
istic, basedon quadraturemethods,andnondeterministic,basedon
MonteCarlomethods.

The computationalcostsinvolved in the computationof form
factorscan be reducedthrough the applicationof the following
identities:�

Reciprocityrelationship:� q s q ` f � ` s ` q
(4)�

Summationrelationship:np ` r ^ s
q `�� u

for ~ fvuxw#y�{|{�{ ] (5)

If weassumeaclosedenvironment,theabovesumis by def-
inition equalto 1.0. However, in practice,even for closed 

Theproblemof determiningtheappearanceof anenvironmentby simulatingthe
transportof light within it, whichincludestheproblemsof light emission,propagation,
scatteringandabsorption,is known asglobalillumination[2, 25].

environmentsthecomputedvaluecanbegreaterthan1.0de-
pendingon theaccuracy of themethodusedto computethe
form factors.�
A planaror a convex patchcannot seeitself, which means
that the form factorof a planaror a convex surfacewith re-
spectto itself itself is: s q�q f¢¡
However, theremaybesituationsin which it maybeappro-
priate to considerthe form factor

s q£q
of a planeor convex

patchdifferent from zero. For example,supposepatches~
andt areplacedin front of eachotherandpatcht is aperfect
reflector¤ (mirror). In this casepatch ~ can“see” itself ands q�q

is differentfrom zero.�
Finally, aconcave patchcanseeitself, hence:s q�q*¥f¢¡
for thiscase.MFW�¦ NYOPE�JLC�QKJL@#R¢§¨RFQB@B©&�ªCP«2Z7[	G�O\@KJLC�>�Q

Sometimesit is moreconvenientto rewrite Equation1 in termsof
spectralradiantexitanceand spectralirradiance[1]. The first of
thesetermsrefersto the total spectralradiantflux leaving an el-
ementper unit of areaand the secondterm refersto the spectral
radiantflux emittedby an elementper unit of area. In this case,
from [22], wehave: _�`&adcPe�f �F¬ `�adcPe � ` (6)

where:¬ ` adcPe}f
spectralradiantexitanceof patcht ,� ` f
areaof patcht .

Also from [22], wehave:_ h` adcPe�f �F­ `�adcPe � ` (7)

where:­ ` adcPe f
spectralirradianceemittedfrom patcht .

SubstitutingEquation6 andEquation7 into Equation1 gives:�F¬ `&adcPe � `
f �	­ `�adcPe � `®jlkm`�adcPevnp q r ^ s
q ` ¬ q adcPe � q (8)¯?°D± t fvumw3y&{|{|{ ] .

Applying the form factorreciprocityrelationship(Equation4)
in Equation8 anddividing it by

� `
weget:�F¬ ` adcPe�f �	­ ` adcPe�j²k ` adcPe np q r ^ � s `

q ¬ q adcPe (9)¯?°D± t fvumw3y&{|{|{ ] .

Dividing theabove expressionby � , wefinally gettheclassical
expressionin termsof spectralradiantexitance,which holds for
eachpatchin theenvironment:¬ `�adcPe�f ­ `�adcPe	j³km`�adcPe np q r ^ sP`

q ¬ q adcPe (10)´
Usuallynon-Lambertiansurfacesarenot introducedin a radiositysystem.Their

effectson the form factorsof the surroundingLambertiansurfacescan,however, be
accountedfor throughtheuseof extendedform factors[8, 20].



¯?°m± t fvuxwzy&{|{|{ ] .

In the thermalengineeringand computergraphicsliteratures
thetermradiosityis usedto refer to radiantexitance.For thesake
of consistency with thestandardilluminationengineeringliterature
[1], we will continueto usethe term radiantexitancethroughout
this paperwhenreferingto the radiantflux densityleaving a sur-
faceor patch.Moreover, in orderto simplify matters,wearegoing
to suppressthedependenceon wavelengthin thenext expressions.

In order to determinethe radiantexitanceof eachpatchof a
given environmentwe needto solve a systemof linear equations
whosecoefficientmatrixwedenoteby µ . Thevectorof unknowns
of this systemis representedby the vectorof radiantexitances¶
andthe right-handsidevectorof this systemis representedby the
vectorof irradiances· . This radiative transfersystem,alsoknown
astheradiositysystem,is representedas:µ
¶ f · (11)

wherethe elementsof µ are µ q `¸fº¹ q `7»¼k q s q `
(with

¹ q `
being

theKronecker delta). Thecoefficient matrix µ , alsoknown asthe
radiositycoefficientmatrix, is commonlyrepresentedby:µ f.½¾»³¿/s (12)

where:½ f
identitymatrix,¿ f
diagonalmatrixwhosediagonalentriesÀ q�q
correspondto

k q
,s f

form factormatrix.

Direct methodsfor solving linear systems,suchas Gaussian
Elimination[6] or Á�Â decomposition[6], arenotsuitablefor large
radiositysystemsof equationsbecauseof the relative low density
of the coefficient matrix andbecauserapid solutionsat relatively
low accuracy areneeded.Theseaspectsplusthespecialproperties
of the radiositycoefficient matrix, namelyits nonsingularityÃ and
diagonaldominanceÄ , make theuseof iterativemethodsmorecon-
venient.Thesemethodsaregenerallyof thefollowing form:

1 initialize ¶ and Å
2 while (notconverged)
3 select Æ7¶
4 update ¶ f ¶ j Æ7¶
5 update Å f Å » µ/Æ7¶

where Æ�¶ correspondsto thecorrectionvectorand Å corresponds
to theresidualvectorgivenby:Å f · » µ
¶ (13)

Theiterative methodsusedto solve theradiositysystemof lin-
ear equationscan be divided into generalmatrix methodsand
radiosity-specificmethods.Themethodsthatbelongto theformer
groupupdateall componentsof the solutionvectoron eachitera-
tion, e.g., the conjugategradientandthe Chebyshev methods[5].
Themethodsthatbelongto thelattergroupupdateasinglecompo-
nenton eachiteration,e.g., progressive refinementandovershoot-
ing methods.Theexpressionradiosity-specificmethods,usedin the
computergraphicsliterature,is appliedto groupmethodsspecif-
ically developedto solve the radiative transfersystemdescribedÇ

An È�É�È matrix Ê is saidto benonsingularif an È�É�È matrix ÊÌË � (theinverse
of Ê ) existssuchthat Ê/ÊÌË ��Í ÊÌË � Ê ÍÏÎ [6]. Alternatively amatrix Ê is also
saidto benonsingularif its determinantis nonzero[15].Ð

Assumingthat Ñ�Ò¸Ó�ÔlÕ andthat thesumof form factorsin any row is equal
to one,wecansaythatthematrix Ö is strictly diagonallydominant,sincetheproperty× Ö
�£� ×DØÚÙÜÛ�ÞÝ ��#ßÝ4� × Ö

���
holdsfor eachà Í Õ?áãâDázäzä3äzáãÈ .

above [5]. Although thosemethodscanbe consideredvariations
of numericalmethods,suchasSouthwellIteration[10] or SOR[6],
they havebeenadjustedandfine-tunedto theradiantexitancecase.¦ =?�²å�æXJXH�O\@KJXC�>�Q�CP«�@Kç�©¸Z¾AKADCPADQ�='>	@BAKC¨E�G�HI©&E¢JX>.@Kç�©è G��²©�ADJXH�OPæ*é�C��²å�G�@KO\@KJLC�>gCP«2��CPAD�ª��OPHI@BCPADQ
Fromthe discussionpresentedabove, it is clearthat theerrorsin-
troducedin theform factorcomputationaffect theradiantexitance
vector ¶ . Recallthatto obtainthisvectorwemustsolve,eitherex-
plicitly or implicitly, theradiositysystemgivenby µ
¶ f · (Sec-
tion 2.3)whosecoefficient matrix µ is givenby

½/»l¿/s
.

Besidestheeffectmentionedabove,theseerrorsmayhaveother
subtleeffects,with possiblylargerimplicationsfor theaccuracy of
radiositysolutions. Recall that the selectionof iterative methods
to solve theradiositysystemof linearequationswasbasedon two
generalassumptions,namelythediagonaldominanceandthenon-
singularityof µ . Although,in theory, thesepropertieshold for ra-
diositysystems,it maynotbethecasein practice.

If theerrorsintroducedin thecomputationof the form factors
for agivensurfaceof theenvironmentaresuchthattheirsummation
relationship(Equation5) doesnot hold anymore, thenwe cannot
ensurethe diagonaldominanceof µ (Section2.3). Moreover, we
cannotguaranteethat ê aX¿/s¾e , thespectralradiusë of

¿/s
, be less

than
u
. In thiscase,Theorem4.4of Young[29] (page35),adapted

to theradiative transfernotation,statesthat:

If ê aX¿/s¾eÏì(u
then µ is nonsingularand the series½¨j�¿/síjîaX¿/s¾e � jÏï'ïBï convergesto µ7ð	^ . Conversely,

if ê aX¿/s¾e�ñgu thentheseriesdoesnotconverge,andit
cannotbeguaranteedthat µ ðF^ exists.

Thuswecannotensurethenonsingularityof µ either.
The failure to fulfill the diagonaldominancepropertymakes

theiterative processmoretime consuming.This happensbecause,
in this case,we needto apply techniques,suchas pivoting [11],
to enforcethis property. The failure to fulfill the nonsingularity
propertyhas,however, amoreseriousconsequence.In thiscasethe
convergenceof theiterativemethodscannotbeguaranteedatall.ò §F@KO\@B©&�²©&>	@�CP«/óo©�@Kç�C¨E�Q
TheParametricDifferentialMethod(PDM) [4] is anexampleof a
deterministicmethodfor form factorcomputationbetweentwo sur-
facesor patches.Thismethodevaluatestheintegrandof Equation3
usinganumericaltechniquecalledGaussianquadrature[6]. Points
of evaluation,or nodesô , areplacedin both patchesaccordingto
therootsof Legendrepolynomials[6] (Figure2). Thevalueof the
visibility term � aL� q wõ� ` e (Section2.2) is determinedby testingthe
intersectionof rays,which connectpairsof nodes,with otherob-
jects in the environment. For example,whenoneusesa 5-points
Gaussianquadrature25 nodesare placedon eachpatchand 625
raysareusedto testfor obstaclesbetweenthetwo patches.

Oneof thenondeterministicmethodsfor form factorcomputa-
tionusestheraycastingtechnique[3, 16] and,althoughit canbeex-
tendedto specular(non-Lambertian)surfaces,it is usuallyapplied
to diffuse(Lambertian)surfaces[23]. In orderto computetheform
factorbetweendiffusepatchesa setof samplepointsis randomly
distributedin a sourcepatchandraysareshotfrom thesesample
pointsin randomdirectionshaving acosinedistribution (Figure3).
Thenumberof timeseachpatchin theenvironmentis hit by a rayö

The spectralradius ÷Kø£Ê/ù of a matrix Ê is definedby ÷Kø£Ê/ù Í¢ú/ûBü ×4ý¢× ,
where

ý
is aneigenvalueof Ê [6].þ

Thesepointsof evaluationcanalsobecalledsamplepoints.For thesakeof consis-
tency with thenumericalanalysisliterature,we will usethetermnodewhenreferring
to deterministicproceduresusedto computeform factors.



is recorded.Usingthis approachtheform factorbetweena source
patch ~ anda patcht is givenby thenumberof raysthathit patcht divided by the total numberof raysshot from patch ~ . Hence-
forth wewill referto thismethodasSR,i.e., shootingmethodwith
a randomdistributionof samplepoints.

nodes for Gaussian
quadrature

nodes for Gaussian
quadrature

patch ÿ  i

patch ÿ  j

Figure2: Geometryfor adeterministicmethodfor formfactorcom-
putationusingGaussianquadrature.

sample point within a
random distribution

patch �  i

patch �  j

Figure3: Geometryfor a nondeterministicmethodfor form factor
computationusinga randomdistributionof samplepoints.
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In order to evaluatethe accuracy of numericalmethodsfor form
factorcomputationsit is convenientto usegeometriesfor whichthe
analyticalform factorsareavailableto beusedasreference.In the
testsperformedin thispaperweconsideredanenvironmentformed
by acube,or box(Figure4),whichallow usto fulfill thisevaluation
guideline. Recall that the summationof the form factorsof one
surfaceor patchwith respectto the othersurfacesor patchesof a
closedenvironmentmustbeequalto

um{ ¡
(Equation5). Weusethis

summationrelationshipaswell as the analyticalform factorsfor
parallelandperpendicularsurfacesto evaluatetheaccuracy of the
resultsprovidedby bothmethodsregardingthetestenvironment.

Theanalyticalform factorfor parallel,directlyopposedpatches
or surfaces,suchasfaces1 and6 (Figure4), is givenby thefollow-
ing expressionpresentedby HamiltonandMorgan[13] andHottel
[14]: s ^�ðPÄ f ������ � � ]	��
 ^�� � ��
 
 ^�� � ��
^�� � � � � ���

��
j���� u�j	� ����� ] ðF^�� �� ^�� � ���j�� � u�j	� ����� ] ðF^ � �� ^�� � ���»�� ��� ] ð	^ a �îe¨»!� ��� ] ð	^ a ��e#"

(14)

where
�

and
�

aregivenby:� f � � (15)

� f%$� (16)

c4 5

1

6

2

a

b

Figure4: Sketchof thetestenvironment(face3 is frontal).

Theanalyticalform factorfor two patchesor surfacesof same
length,having a commonedge,andat angleof & ¡('

to eachother,
suchasthefaces1 and2 (Figure4), canbeobtainedthroughasim-
ilar expressionprovidedby Hottel [14] andHamiltonandMorgan
[13]. Alternatively, assumingthat the form factorbetweenthean-
alytical parallel faceshave alreadybeencomputedandusing the
summationrelationshipof theform factors,theanalyticalform fac-
tor for perpendicularsurfaces,suchasfaces1and2,canbeobtained
throughthefollowing expression:s ^�ð � f ui»ls ^�ðPÄ) (17)

In the testspresentedin this paperwe consideredthe dimen-
sionsof thecubepresentedin Figure4 givenby � f $ f � f+*&{ ¡

.
Replacingthesevaluesin theEquation14, theanalyticalform fac-
tor for theparallelfacesof thecubeis equalto 0.199824.Replacing
thisvaluein theEquation17, theanalyticalform factorfor theper-
pendicularfacesof thecubeis equalto 0.200043.For thesake of
simplicity, all thefiguresfor analyticalandnumericalform factors
presentedin this paperweretruncatedafter thesixth digit. More-
over, in orderto determinetherelative errorregardingthesumma-
tion relationshipfor eachindividual faceandthe form factorsfor
thedifferentpairsof facesweusedthefollowing expression:Å { · {�a-,�e³f : � ] � �/. � ~ � � �10 � �32 · » ] 2 ¶Ú·BÅD~ � � �40 � �32 ·b:: � ] � �3. � ~ � � �50 � �32 ·&: (18)
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Intuitively we mayconsiderthattheaccuracy of bothmethodscan
beincreasedbysubdividing thefacesintoalargernumberof patches.
Table1 shows theeffectsof finersurfacesubdivisionson theaccu-
racy of the form factorscomputedusingthe PDM. In this experi-
mentwe used25 nodesperpatchand25 rayspernode.As wecan
see,thereis a direct relationshipbetweenthe increasein thenum-
berof patchesandtheincreaseon theaccuracy of theform factors
computedusingthePDM.

numberof patches
216 486 10148

of facel 1.013652 1.009103 1.0063038
of face2 1.013652 1.009103 1.0063038
of face3 1.013652 1.009103 1.0063038
of face4 1.013652 1.009103 1.0063038
of face5 1.013652 1.009103 1.0063038
of face6 1.013652 1.009103 1.0063038

of Å { · { (%) 8.19 5.46 3.78

Table1: Effectsof finersurfacesubdivisionson theaccuracy of the
PDM.

Suchadirectrelationship,however, cannotbealwaysobserved
for nondeterministicmethodsasdemonstratedby the figurespre-
sentedin Table2. This tableshows theeffectsof finersurfacesub-
divisionson the accuracy of the form factorscomputedusingthe
SR.In this experimentwe used1000samplepointsperpatchand
oneraypersamplepoint.

numberof patches
216 486 10148

of facel 1.0 1.0 1.08
of face2 0.997333 0.997815 1.000348
of face3 1.001140 1.0009 1.002088
of face4 0.998056 1.00023 0.9991248
of face5 1.003670 1.00049 1.001088
of face6 1.004640 0.998506 0.9952438

of Å { · { (%) 2.43 0.53 0.91

Table2: Effectsof finersurfacesubdivisionson theaccuracy of the
SR.

Increasingthenumberof rayspersourcepatchcanalsoincrease
theaccuracy of theform factors.Table3 illustratesthis aspectfor
an applicationof the SR (using1000samplepointsper patchand
oneraypersamplepoint)in whichthetestenvironmentwasdivided
into 54patches.

numberof rays
10000 10000008

of facel 1.0 0.9999948
of face2 0.998789 0.9996918
of face3 0.997356 0.9999018
of face4 1.00064 0.9999828
of face5 0.999844 0.9999358
of face6 1.00197 1.000098

of Å { · { (%) 0.66 0.0587

Table3: Effectsof higherraydensitieson theaccuracy of theSR.

In order to comparethe accuracy of both methods,PDM and
SR,we consideredthetestenvironmentdivided into 1014patches
(169patchesper face)and625raysper sourcepatch. The results
presentin Table4seemto indicatethatthenondeterministicmethod

is more accuratethan the deterministicmethodfor the test envi-
ronmentusedin our experiments.However, sincethefigurespre-
sentedin this tablecorrespondto summations,it maybe possible
thata cancellationof errortermsoccurswhenwe performthesum
of form factorsregardingeachindividual faceof the cube. This
cancellationmay, in turn, hide a higheraccuracy provided by the
deterministicmethodfor certaingeometries.Indeed,Table5 shows
that the deterministicmethodprovidesmoreaccurateresultsthan
the nondeterministicmethodfor form factorsfor pairsof parallel
faces.

method
PDM SR8

of facel 1.006303 1.08
of face2 1.006303 1.000168
of face3 1.006303 0.972648
of face4 1.006303 0.9994518
of face5 1.006303 1.000348
of face6 1.006303 1.002358

of Å { · { (%) 3.78 0.61

Table 4: Comparisonbetweenthe PDM and the SR considering
theenvironmentdivided into 1014patchesandusing625raysper
sourcepatch.

s q `
PDM Å { · { (%) SR Å { · { (%)

1 - 6 0.199841 0.02 0.199044 0.38
2 - 3 0.199841 0.02 0.199044 0.38
4 - 5 0.199841 0.02 0.199195 0.30

Table5: Formfactorsfor theparallelfacesdividedinto 169patches
each.

Theaccuracy of bothmethodsis affectedby thepossibilityof
theintegrandof Equation3 [8] beingcloseto singular, which may
occurwhenthetwo differentialareasaretoo close.Whenthis oc-
curs,thetaskof determiningwhichmethodprovidesmoreaccurate
resultsbecomesmoredifficult. Table6 presentstherelative errors
for the form factorsbetweenthe pairsof perpendicularfaces.As
we cansee,only for two casestherelative errorsfor theform fac-
torsobtainedusingthenondeterministicmethodweregreaterthan
thoseregardingthedeterministicmethod.Althoughthisaspectmay
suggestthat the randomdistribution of samplepointsusedby the
SRmaybelessproneto singularityproblems,it doesnotguarantee
a smallererror for all the casesdueto thestochasticnatureof the
SR. s q `

PDM Å { · { (%) SR Å { · { (%)
1 - 2 0.201615 0.78 0.200502 0.23
1 - 3 0.201615 0.78 0.200634 0.30
1 - 4 0.201615 0.78 0.199044 0.50
1 - 5 0.201615 0.78 0.200625 0.29
2 - 4 0.201615 0.78 0.198892 0.58
2 - 5 0.201615 0.78 0.201051 0.50
2 - 6 0.201615 0.78 0.200691 0.32
3 - 4 0.201615 0.78 0.200161 0.06
3 - 5 0.201615 0.78 0.198305 0.86
3 - 6 0.201615 0.78 0.199138 0.45
4 - 6 0.201615 0.78 0.202159 1.06
5 - 6 0.201615 0.78 0.201164 0.56

Table6: Form factorsfor theperpendicularfacesdivided into 169
patcheseach.
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In this paperwe discussedthe implicationsof errorsintroducedin
the computationof form factorsand comparedtwo different ap-
proachesusedto performthesecomputations.For thesecompar-
isonswe consideredan environmentfor which the corresponding
analyticalform factorsareavailableto beusedasa reference.

The resultsof thesecomparisonsshow that, even for simple
environments,suchas the one usedin our experiments,a single
methodcannotprovide the most accurateresultsfor all possible
geometries.Usually, for geometriesnot proneto singularityprob-
lems,thedeterministicmethodsmayprovidemoreaccurateresults.
Moreover, while theerrorassociatedwith thedeterministicmethods
is uniform, theerrorassociatedwith thenondeterministicmethods
is nonuniform.This aspectsuggeststhatmoresophisticatedstatis-
tical analysistoolsshallbebroughtto bearon futurecomparisons.
As future work, we intendto extendour experimentsto environ-
mentswith occludedobjects.

Finally, despitethe simplicity of the environmentusedin our
experiments,it wasshown thatselectingthe “best” methodis del-
icatesinceno singlemethodis superiorin all cases.The relative
accuracy dependsonthegeometricalcharacteristicsof theenviron-
ment. Therefore,the developmentof accuratepracticalsolutions
for off-line computationof form factorswill likely requireimple-
mentingdifferentmethodswith the applicationof a given method
determinedby thegeometryat hand.For example,consideringthe
environmentusedin our experiments,onecouldusethedetermin-
istic methodfor theparallelfacesandthenondeterministiconefor
theperpendicularfaces.
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