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Abstract

We presenta powerful, simple and robust methodto

createrealistic-lookingpicturesof sceneswith objects
that havediffuseandnon-difusere ectanceproperties.
Themethodrecreatesthe obscuancegednique intro-

ducedsomeyears ago, with a new approac basedon

ray-tracing The r st version of the obscuancestech-

niguewasusedonly for diffuseervironments.lt is al-

readyworkingsuccessfullyn somewidelyknownvideo
gamesbecauset is able to avoid the high costof ra-

diositytechniquesn theinteractiveandreal-timegame
ervironments.Softshadowsnice colour re ection ef-

fects,visually pleasantrenderingof corners and other
partly occludedsurfacesof the sceneare reproduced
at a small fraction of the costof radiosity techniques.
We extendhere obscuancego handlenon-difuseenvi-

ronmentsvia ray-tracing Insteadof computingthe ob-

scuranceof every patd in the scenewe will compute
view-dependentbscuances.Thedirectilluminationis

sepaately handledand diffusecolor albedofunctions
are usedfor obscuance computation. We will show
in our resultsthat a realistic-lookingray-tracedimage

with obscuancescan be obtainedat least one order

of magnitudefasterthan alternative non-difusetec-

niguesas path-tracing Ray-tacedobscuancescanbe
usefulin animation, both in the editing phaseand/or
in nal images,andin ray-tracedgameswhentheuse
of future graphicscardswill decreasedramaticallythe
costof tracingaray.

1. Intr oduction

Ambient term (see[5],[15]) hasbeenusedfor a long
timeasacheapvayto completdocalilluminationtech-
nigues. It wasmeantto give a faint approximationfor
all interre ections of secondand higherorder In [1]
this simple techniquewas enhancedn the Extended
AmbientTermapproacho obtainall possibleinforma-
tion withoutocclusioncomputationuysingbackfaceand
quasi-shadw effects. Obscurancef0, 9] canbeclas-

si ed asathird stepforward!. Occlusionsarenow taken
into account,but only a local ervironmentis queried.
The amountof occlusionwill determinatethe diffuse
effects. This techniquejntroducedin videogamessa

cheapalternatve to radiosity hasbeenimproved with

color bleedingeffectsandallows a real-timeupdateof

the illumination whenmoving objectsarein the scene
[14].

Globalillumination effects are very costly to simu-
late. Sophisticatedechniquedike bidirectional path
tracing[11],[16], Metropolislighting [17], photonmap
[10] have allowedto reducesigni cantly the costof ob-
taininganoiselessmagebut they arestill computation-
ally very expensve.

Recentlyinteractve ray-tracingwith globalillumina-
tion effectshasbeenachieved in a clusterof parallel
personatomputerghanksto theincreaseén computing
speed optimizedacceleratiorstructuresand extensve
useof cache[18].

The techniquepresentechere, althoughit is a not
a global illumination technique,is ableto obtainat a
low costhigh quality realisticlooking imagesthat sim-
ulateaglobalillumination solution. Directillumination
and glossy effects are computedin the usualway[4],
anddiffuseeffectsarecomputedusingthe obscurances
techniguesTheoverall effectis a nicelooking realistic
image.

This paperis organizedn thefollowing way. Previ-
ouswork is explainedin the next section. It includes
the obscurancedasicidea (section2.1.), the problem
of thestrongsecondarye ectors(section2.2.)andhow
colorbleedingcanbeaddedandreal-timeupdateof ob-
scurance$or maoving objectsin avideogameengineis
obtainedsection2.3.).In section3. threepossiblgunc-
tionsandthe effectsthey havein the obscurancesom-
putationarestudied.In sectiord. we introducethe new
algorithm and describethe systematicsamplingtech-
nigue usedto reducenoise. In section5. resultsand
nal imagesarepresente@nd nally, in thelastsection

1Althoughnot in chronologicalordet sincethey appearedvefore
theextendedambientterm



we presenburconclusionsandgive somedirectionsfor
futureresearch.

2. PreviousWork

2.1. Obscurances

In [20, 9] the obscuranceslumination modelwasde-
ned. Obscurancesake accountof secondanydiffuse
illumination, beingtotally decoupledfrom directillu-
mination. Indirectillumination for point P is de ned
as:

1

IP =RPlIa rd Pw cosqdw Q)
p w

w

where

r d Pw : functionwith valuesbetweerD and1,
andgiving the magnitudeof ambientlight incom-
ing from directionw

d Pw : distancefrom P to the rst intersected
pointin directionw

g: anglebetweerdirectionw andthenormalat P
Ia: ambientlight intensity
R P : Re ectivity atP

1 pisthenormalizationfactorsuchthatif r 1
overthewholehemispher&Vthenl P isR Ia

Directilluminationis addedto (1) to obtainthe nal il-
luminationat the point. Functionr  increasesvith d.
its shapeis givenin gure 1. A maximumdistancefor
interaction,dmax is de ned, sothatwhend  dmaxthen
r d 1. This meanghatwe only take into accounta
dmaxneighborhoodf P. Obscurancef P is thende-
ned as:

1
wp =

r d Pw cosgdw (2)
P ww

Clearly0 W P 1. Obscurancédor a patchis de-
ned asthe averageof obscurancegor all pointsin it.
An obscurancealueof 1 meanghatthe patchis totally
open(not occludedwith neighbourpolygons),while a
value of 0 meansthatit is totally closed(or occluded
with neighborpolygons).

Ambientlight in 1 is computedwith theformula:
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and A, E, R arethe area,emissvity andre ectivity
of patchi, At the sumof the areas,andn the number
of patchesn the scene. The ambientterm considered
herecorrespondso the secondaryllumination only, as
directilluminationis computedapart.

r (d)

1

Figurel: Shapeofr d function.

2.2. Difcult lighting conditions

Obscurancegive agoodvisualsolutionin mary cases,
speciallywhenlight sourcesrecenteredandilluminate

mostof thesceneBut therearesomescenesn whicha

lamp pointsdirectly towardsawall, or sunlightthrough

awindow lights a red carpet. In thesekind of scenes,
afew polygonsbecomemportantsecondarye ectors.

In both caseghe obscurancesould be a muchbiased
solutionwith respecto a physicallycorrectone.

In [14] this problemis commentedgndafew illustra-
tive examplesaregiven. A simplebut not free solution
is commentedlso: theideais to furtherexpandthe di-
rectilluminationwhenthesecasesaredetected.

2.3. Real-time Obscurances with color
bleeding

Computatiorof obscuranceis veryfastasit hasonly to
consideraneighborhooaf apoint (or a patch).In [14]

aMonte Carloimplementatiorwith real-timeupdateof
maving objectswaspresentedAlsoin [14] colorbleed-
ing wasincorporated.To do it we have to modify the
ambientight computatiorby takingouttheaveragere-
ecti vity factorin (3):
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andmodify accordinglythe obscuranceg?):

1
wp =

RQr dPw cosgdw (6)
P ww

whereR Q isthere ectivity of the point Q seenfrom

P in directionw. Whenno surfaceis hit at a distance
lessthandmax in directionw the obscurancedakesthe

valueof Ryye.

Obscuranceswith color bleeding have been im-
plemented within RenderRrk software[§ and
within Crystal Space 3D engine[]. Two scene
examples can be seenin Fig.2 and 3. More im-
ages and animated movies with real-time updated
obscuranceswith color bleeding can be found in
http://ima.udg.esl/iia/GGG/TIC2001-261C03-
01/gal_obscurances.html.

Figure2: Snapshot of a CrystalSpacescenewith ob-
scurances.

Figure 3: Snapshot? of a Crystal Spacescenewith
obscuranceslt demonstratethe yellow andredinter-
re ection effects.

3. Study of ther function

Several familiesof functionsgive an approximationof
the shapeseenin gure 1. We have selecteda few of
themto studywhich onegive betterresultsto our pur-
poses.

Exponential:
rd 1 e @

Squareroot:
rd d:ax (8)

Constant0:
rd O 9)

The shapeandeffect of eachfunction canbe appre-
ciatedin gure 4. Theexponentialfunction (row (1.))
presenta darker effect andlesscolor bleedingthanthe
squareroot function (row (2.)). The constantfunction
doesnot have thedesiredshapeanddoesnotdependn
the d parameterbut it canbe consideredasa simpli-

ed versionof thetechniquepresentedhereandis used
underthe nameof ambientocclusionin several com-
mercial rendererssuchas Photorrealistic Renderman
by Pixar[12, 3]. In row (3.) of gure 4 we canseethat
the useof this constanfunctionresultsin a darkerim-
ageanddoesnot presentolor bleeding.

As ary of the two former functionscanbe usefulto
our purposeswe will choosethe squake root function
becausdt is moresimpleandeasierto compute.

4. Extension to glossy erviron-
ments: Ray-traced obscurances

The extensionof thetechniqueto dealwith generalen-

vironmentsis donein the contect of ray-tracing. We

have rst to substitutein the formulas(4,5,6) the dif-

fusere ectivity by the albedo. Let usde ne rst the
meanalbedoat a surfacepoint P:

1

aP B a L cosgLdw (10)

wherea L is thealbedofor incominglight directionL,

andthe integral is over the hemisphereenteredat P.

We make the assumptiorthat all points of a surfacei

have thesamemeanalbedo 3;.
Theaveragealbedois de ned as:
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(1.a)Shapeof the exponentialfunction. (1.b) Exponentiafunctionobscurances.

08

Jbs 0.6

0.4

02

0 " amax
distanne

(2.a) Shapeof thesquareoot function. (2.b) Squarerootfunctionobscurances.
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(3.a) Shapeof theconstantfunction. (3.b) Ambientocclusion.

Figure 4: The useof differentfunctionsto calculatethe obscurancesan be appreciated.In (1) the exponential
functionis used.In (2) thefunctionusedis thesquareroot one. And in (3) a stairfunctionequalto 0 whend  dmax
andto 1 whend dmaxis used,this oneis calledambientocclusionon severalcommerciakrenderers Herewe take
Onax 10m.
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Thenwe have for theambientterm:

1 &' ,AE
I _ = di 17 12
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andfor theobscurances:
1 —
WP = aQr dPw cosgdw (13)
P ww
4.1. Algorithm

A ray is tracedin the usualway from the view point
througha pixel, hitting a point P of somesurfacein the
sceneThenfrom P, threekind of rayscanbetraced:

Shadowv rays: Ny direct illumination rays are
tracedto the light sourcesfrom the hit points.
Stochasticallya randompoint of a randomlight
sourceof the sceneis selectedanda shadaev ray
is tracedfrom the hit point to the selectedpoint.
If both points seeeachother, contritution of the
light sourceto the hit pointis computed. Figure
5.cshows this contribution.

Obscurance rays: Ngps rays are stochastically
tracedwith a cosq distributionto computethe ob-
scuranceof point P, this is, we solve by Monte
Carlotheintegral in (13). This way we compute
anestimatorof indirectlight for this pointby mul-
tiplying the obscurancéerm by the diffusere ec-
tivity atthe pointandtheambientintensity Figure
5.ashaws the obscurancesontribution, that mul-
tiplied by there ectivity color of the objects( g.
5.b) resultsin the indirect light contribution ( g.
5.d).

Specularrays: Whenthe hit point correspondso
a glossyor speculaisurfacea pathis followedac-
cordingto usualpath-tracing.Thisis shavnin g.
5.e.

The nal illuminationis thengivenby addingthedi-
rect lighting, speculareffect and diffuse effect repre-
sentedby the obscurancemultiplied by ambientlight.
Following thekitchenexample we nally gettheimage
in g. 5.f.

4.2. Noise reduction:
pling

Whencomputingthe obscuranceontributionto apoint
in the scenejnsteadof usingNgps randomrays,we can
chooseonly onerandomray over a smallportion of the
areaof anhemisphereandthencomputetherestof rays
by addingthecorrespondingnglesn longitude(f ) and
latitude(q). See[2, 6].

Firstwe choosea partitionof thehemispher@; n,
that multiplied will correspondo Nops. Thenwe will
gettwo randomnumbers:

Systematic Sam-

X1 0 %E

1

: (14)
X2 0 7n,

Thesetwo randomnumbersx; andx, will helpusto
nd the rst randomray, thatwill be givenby its polar
angleschoserin thefollowing way:

fo X1
: 1 - 15
o S”'ZTqO Xo arcsin 2xy (15)
Fromhere,we will taket; %‘i! andt, -
Therestof theraysarecomputedasfollows:
fori 0O ng 1 f; xq it
1 i X1 I (16)

forj 0 nm 1 qg; arcsin 2xx jto
In gure 6 we canappreciatahe reductionof noise
whensystematicsamplingis applied.

5. Results

Theray-tracedobscurancebave beenimplementedn
the SIR system[13]. Oncether functionis selected
(seesection3.) several parametersn uence the be-
haviour of the obscurancesOneparameteis the max-
imum distanceselecteddmax. A smalldistancewill al-
low for a fastercomputationdueto voxelizationof the
scenewhile a longeronewill take into accountmore
darkening(andcolor bleeding)effects. In Fig.7 we see
four obscurancémageswith differentdmnax In Fig.7.a
dmax 0 2m,andthecomputatiortimeis 219sec.,and
in Fig.7.ddmax 2 Om,andthecomputatiortimeis 314
sec. The othertwo imagesshowv valuesin betweenas
expected. For the purposeof our comparisonsve se-
lectedthedmax 1 Om. This valueis chosenn anem-
pirical way, aswe have percevedthata dmax valuebe-
tweena quarterand half the size of the boundingbox



(a) Obscurancesnage. (b) Diffusere ectivity.

(c) Directlight.

(e) Speculasurfaces. | (f=(c)+(d)+(e)FinaI image.

Figure5: Thesesix imagesshav the contribution that eachkind of raysof our renderingalgorithmgive to the nal
imageandhow it is computed.The rst image(a) shavs our main contrikution: the obscurancesThe second(b)
imageshaws the diffusecolor of eachobjectin the scene By multiplying bothimageswe getindirectlight image(d).
Directlight is shovn in (c). Adding the contritution of the speculaisurfaces(e) to (c) and(d) we getthe nal image
(f). All theimagesof the kitchensceneshavn herehave aresolutionof 800x600pixels.



(a) Randomsampling.

(b) Systematicsampling.

Figure 6: We can seethe differenceof noise betweenrandomsamplingand systematicsamplingwhen appliedto
obscurancebor this cornellbox scene 16 raysareusedfor eachobscuranceomputation.

of the scenegive betterresultsthan biggeror smaller
values.

All imageshave beenrenderedon a Pentium4 1.6
Ghzwith 1 Gb RAM. We have usedin theobscurances
computation8 rays per pixel and 5 rays per hit point,
that makes a total of 40 rays per pixel. The kitchen
scends composef 28937trianglesfeaturing203 ob-
jects.

Besideghekitchen(g. 10),two moremodelshave
beenusedto test our algorithm. One representghe
inner part of an aircraft, including seats,windows, a
screengtc. It is composeaf 18468 7Arianglesfeaturing
461 objectsandit is shovnin g. 11. Theothermodel
represents setof stairs,banisterscolumns,etc., that
couldbethemainentranceof acastleor atheaterlt has
121032trianglesfeaturing580 objectsandis shovn in

g. 12.

5.1. Comparisonto Path Tracing

Herewe compareour methodto Path Tracing,PT, im-
plementedalso in the SIR [13]. Thus both methods
sharethe sameray-tracingroutinesallowing for unbi-
asedcomparison. In g.8 imagesrenderedfrom the
other models(aircraft and stairs)and a differentillu-
minationof thekitchenarealsoshovn andcomparedo
PT.

Whenrenderingall theseimages,in the ray traced

obscurancemethod for every pixel 40 raysareusedto

getthe directlight, other40 raysaretracedto getthe
obscurancetandimmediatelytheindirectlight), andif

aray hitsanon-difusesurfaceoneadditionalrayis cast
to accountfor speculareffectsup to six levels of depth
if applyable.

To achieve the sameerrorfor directlight in the path
tracingmethod 40 raysarealsousedperpixel. Eachof
theseraysaccountfor the rst level of a paththatwill
continueupto 6 levelsof depthto gettheindirectlight.
And sameasbefore,whena non-diffusesurfaceis hit
anadditionalray is castto getthe speculaeffects.

Theres no surprisethenthat, for every pair of im-
ages,whena visual comparisoris done,directillumi-
nationlooks the sameandindirectillumination is per
ceived with much more noisein PT thanwith obscu-
rancesevenwhenPTimagedake almostlOtimesmore
to computethantheobscurancesnes.

To perceve muchbetterthedifferencedetweerboth
methods,g.9 showv the nal imagesof aircraft model
in abiggerpresentationpathtracing, g.9a, andobscu-
rancesased,g.9b. Apartfrom thenoiselevel, we can
seethedifferencebetweeratrueglobalillumination so-
lution, PT, andour obscurancebasedsolution. In the
PT solution,(a gure) the objectsnearthe light source
(in this casewe cannot seethe light sourcebeauset
is behindthe camerajarelighteddueto the ceiling and
otherwalls thatactassecondarysources.On the other



(a) Maximumdistanced.2 meters.219secsrendering. (b) Maximumdistanced.5 meters.241secs.rendering.

(c) Maximumdistancel.0 meters.264secsrendering. (d) Maximumdistance?.0 meters.314secs.rendering.

Figure7: Comparisorof theimagesof obscurancewith differentmaximumdistancesThis parameteallows usto
controlthelocality of thecalculation.Dueto thevoxelizationof thescenewhenthedistancedecreaseshe calculation
is faster Imageresolutionis 800x 600 pixels.



handin the obscurancegmage,the seatsandwalls in
therearpartof theaircraftimageare moreilluminated
dueto theambientight term. A solutionto thisproblem
would requireto storethe incoming lighting of these
secondargmitters.

Figure 10: Snapshobf a global view of the kitchen
modelshaving the camergposition.

Figure 11: Snapshotf a global view of the aircraft
model.

6. Conclusionsand futur e work

We have presentedn this papera fasttechniqueto ob-
tain realisticlooking ray-tracedmages.lt is partly non
physicallyrealistic,asthe indirect partof theillumina-
tion is computedvith deepimprovementvertheambi-
entillumination, the obscurancetechnique.This tech-

Figure 12: Snapshotof a global view of the stairs
model.

nigque is much fasterthan ray-tracedglobal illumina-
tion techniquessuchaspathtracing,andresultingim-
agespresentmuchlessnoise,thatcanbereducedeven
moreusingsystematicsamplingtechniquedor the ob-
scurancealculation.

Someimprovementsandfuture work arereadyto be
done. For example,the computationof ambientinten-
sity and averagere ectivity take into accountall areas
of the sceneavenwhenprobablymary of the surfaces
of the scenearehiddento the light (bottlesinsidecup-
boards,the inner part of the jar, etc.). Someideasin
thisdirectionarebeingexplored,suchasshootinga few
raysfrom thelight sourcedeforehandandfollow their
pathswhile computingstatisticallythe parametersve
need. This way ambientintensity averagere ectivity
ortheareareachedy thelight canbeeasilycomputed.

Following this idea,the importantsecondarye ec-
tors (seesection2.2.) problemcanbe solvedin a two
stepprocess: rst, while computinglighting parame-
ters,we take accountof the patchegouchedby a high
enegy direct light ray, thesecan be marked as sec-
ondaryre ectors. In thesecondhasejf anobscurance
ray shotfrom the hit point hits oneof thesepatchesan
additionalray to the light is traced,this way, not only
obscurancéut secondaryighting is takeninto account.

Addition of otherglobalillumination effectssuchas
refractionis straightforward. Applicationto animation
in dynamicervironmentswill be also considered.As
obscurancesre decoupledrom directillumination, a
sequenceof framescorrespondingo a moving light
sourcej.e. atorch,canbeef ciently computed.

Anotherideais to usetheextendedambientermpre-
sentedn [1], classifyingpolygonsof the scenénto six
differentclasesand usingsix differentambientterms,



(ai) Pathtracing.6510sec.rendering. (aii) Raytracedobscurances55sec.rendering.

(b.i) Pathtracing.14309sec.rendering. (b.ii) Raytracedobscurancesl495sec.rendering.

(c.i) Pathtracing.11180sec.rendering. (c.ii) Raytracedobscurances858sec.rendering.

Figure8: Thekitchenwith daylightilluminationandviews of theaircraftandthestairs,all comparedvith pathtracing
results.Imageresolutionis 800x 600 pixels.



(a) Pathtracing.10190sec.rendering.

(b) Raytracedobscurancesl000sec.rendering.

Figure9: Final aircraftimagesin more detailedpresentation.Obscurancesnageis computedl0 timesfasterand
presentsigni cantly lessnoisethanpathtracingimage.



onefor eachclass.

Finally, we can usea methodsimilar to Ward and
Heckberts irradiance gradients [19] for obscurance
gradients. This should speedup the renderingssince
therearelargecoherentegionswith slowly varyingob-
scurance.

The techniquepresentecherecan be usedas a fast
editing tool or asthe nal image. We expectthat ad-
vancesn graphicshardwarewill makeit possibleto run
in real-timein a not sodistantfuture.
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