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Obscurances a powerful techniquehatapproximatesndirectglobalilluminationin amuchfasterway than
classiomethodsasradiosityor pathtracing.In thismethod thelocal ervironmentof a pointor apatchis sampled
to estimatethe amountof occlusionthatsurroundst. Fineeffectsascolorre ection canbe addedandvisually
pleasantenderingof cornersandsoft shadevs areeasilycomputed Combinedwith ray tracingtechniquesnon-
diffuseandspeculaeffectscanbe addedo the surfaces pbtainingthusbeautifulandrealisticrenderedmages.
Sincedirectandindirectillumination are decoupled pbscuranceare very usefulto renderanimationframes
for moving light sourcesasthey have to be computedonly for the rst frameandthenreused.Ambientlight
intensity canalsobe decoupledrom obscuranceand estimatedor every frame, resultingin beautiful color-
changingeffects. Light animationhelpin light designandto corvey shapeandfeaturesof the objectsin the
scene.
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Intr oduction

Obscurancefl, 2] is anambienttermtechniquevhereocclusionsaretakeninto accountalthoughonly alocal ervironment
is queried. The amountof occlusionwill determinatehe diffuse effects. This technique,introducedin videogamessa
cheapalternatve to radiosity hasbeenimprovedwith color bleedingeffectsandallows a real-timeupdateof the diffuse-like
illumination whenobjectsmove in the scen€[3]. A simpli ed versionof obscurancess usedin well known commercial
renderersuchasPixar's PhotorrealisticRenderMarunderthe nameof ambientocclusion[4, 5, 6].

Globalillumination effectsare very costly to simulate. Sophisticatedechniquedik e bidirectionalpathtracing[7, 8],
Metropolislighting [9] andphotonmap[10] have allowedto reducesigni cantly the costof obtaininga noiselessmagebut
they arestill computationallyvery expensve.

Obscuranceslthoughit is a not a global illumination technique,is ableto obtainat a low costhigh quality realistic
looking imagesthatsimulatea globalillumination solution. Directillumination andglossyeffectsarecomputedn the usual
way [11], anddiffuse effectsare computedusingthe obscurancegechniques.The overall effectis a nice looking realistic
image.



Thetechniquepresentedn this paperappliesobscuranceto renderingof animationframeswith moving light sources.
We take advantageof oneof the propertiesof the obscuranceghe decouplingof directandindirectillumination. Thus,we
justneedto computeobscurancesncein the rst frameandreusethemin therestof theanimation.A differentambientight
intensityis estimatedor every frame,resultingin beautifulcolor-changingeffects.

This paperis organizedn thefollowing way. Obscurancetechniquds explainedin detailin the next section.It includes
the obscurancebasicidea,how color bleedingcanbe added andthe combinationof obscurancewith ray-tracingto render
imagesof glossyscenesln the next sectionthe useof obscurances combinationwith light animationis explained. Then,
the useof differentambientintensitiesdependingon the light animationis introduced. Resultsand nal animationsare
analizedand nally , in thelastsectionwe presenbur conclusionaindgive somedirectionsfor futureresearch.

Obscurances

In [1, 2] theobscurance#lumination modelwasde ned. Obscurancetake accounof secondargiffuseillumination, being
totally decoupledrom directillumination. Indirectillumination for point is de ned as:
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Direct illumination is addedto (1) to obtainthe nal illumination at the point. Function  increasesvith . Its shapeis

givenin gure 1. A maximumdistancefor interaction, is de ned, sothatwhen then . Thismeans
thatwe only take into accounta -neighborhooaf . Obscurancef isthende nedas:
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Clearly . Obscurancéor a patchis de ned asthe averageof obscurancefor all pointsin it. An obscurance

valueof 1 meanghatthe patchis totally open(not occludedwith neighboumpolygons),while a valueof 0 meanghatit is
totally closed(or occludedwith neighborpolygons).
Ambientlight in (1) is computedwith theformula:
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and , , aretheareagemissvity andre ectivity of patch , thesumof theareasand thenumberof patchesn the
scene.Theambienttermconsiderecerecorrespondso the secondaryllumination only, asdirectilluminationis computed
apart.
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Figurel: Shapeof function.

Real-time Obscuranceswith color bleeding

Computationof obscurancess very fastasit hasonly to considera neighborhoodf a point (or a patch). In [3] a Monte
Carloimplementatiorwith real-timeupdateof moving objectswaspresentedAlso in [3] color bleedingwasincorporated.
To doit, there ectivity of thepoint seerfrom in direction isincorporatedo the obscurancesquation:

_ (5)

Whenno surfaceis hit atadistancdessthan in direction theobscuranceakesthevalueof . We canconsider
thenthatthe averagere ectivity factoris includedin the obscuranceshusthe ambientlight computatiorhasto be modi ed
by takingout the averagere ectivity factorin (3):

(6)

Extensionto glossyenvironments: Ray-traced obscurances

The extensionof the techniqueto dealwith generalervironmentsis donein the context of ray-tracing[12]. In theformulas
(4,5,6)thediffusere ectivity is substitutecy the meanalbedo.

Thealgorithmis asfollows. A ray is tracedin the usualway from the view point througha pixel, hitting a point ~ of
somesurfacein thesceneThenfrom , threekind of rayscanbetraced:

Shadow rays: directillumination raysaretracedto the light sourcesdrom the hit points. A randompoint of a
randomlight sourceof the scenes selectedstochasticallyanda shadav ray is tracedfrom the hit pointto the selected
point. If both pointsseeeachother, contrilbution of the light sourceto the hit pointis computed Figure2.c shavs this
contribution.

Obscurancerays: raysarestochasticallyracedwith a distribution to computethe obscurancef point
thisis, we solve by Monte Carlotheintegralin (5). In this way we computean estimatorof indirectlight for this point



by multiplying the obscurancéerm by the diffusere ectivity atthe point andthe ambientintensity Figure2.ashavs
the obscurancesontribution, thatmultiplied by there ectivity colorof theobjects( g. 2.b)resultsin theindirectlight
contribution( g. 2.d).

Specularrays: Whenthe hit point correspondso a glossyor specularsurfacea pathis followed accordingto usual
path-tracingThisisshavnin g. 2.e.

The nal illumination is thengiven by addingthe direct lighting, speculareffect and diffuse effect representedby the
obscurancemultiplied by ambientlight. Following the kitchenexample we nally gettheimagein g. 2.f.

Theresultingimagesarecomparedo pathtracing(PT)in g. 3, wheremuchmorenoisecanbeappreciatedn PT than
in obscurancesvenwhenPTimagegake almost10timesmoreto computethanthe obscurancesnes.

Animation of light sources

Insteadof computingevery framefrom scratch we cantake advantageof the fact that neitherthe obscurancegor the hit
points have to be recomputed.This is possibleif the cameraandall objectsin the sceneare x ed, andonly lights move
from frameto frame. Thuswe computerst theobscuranceandstorethehit pointsandincomingdirectionsof theeyerays.
Then,for eachframedirectillumination andspeculaeffectsarecomputedusingshadaev andspecularaysusingthe stored
hit pointsanddirections.This hasthe sideeffect of increasingrame-to-framecoherencegliminating ick ering.

Backto g. 2,imageqa)and(b) arethesamefor all frames.As we will seein next sectionto computeindirectlight in
image(d), ambientlight factorcanbe estimatedndependentlyfor every frame. Thus,only directlight (c), speculareffects
(e),andanambientlight factor have to be recomputedvhenlight sourcesnove or changentensitywith respecto the next
frame.

Discussionon the ambient intensity and averagere ectivity terms

Equation(3) describesiow ambientintensityis computedasa draft approximationto what actualambientintensity could
be. It usesequation(4) for averagere ectivity. In both equationdotal areaof the scends takeninto account.lt meanghat
we make the assumptiorthatthe light enegy getsdistributedaroundthe sceneandilluminateswith the sameintensity not
only every objectbut every partof every object,andthatsecondarjighting occurin the sameway. Whenlight emittersare
positionedn thecenterof thesceneandilluminatemostof it, theambientintensitygivenby equation(3) is agoodestimation.

But in mostscenegheseassumptionslio not apply. Normally, a noticeablepart of the surfacesof the scenearehidden
to thelight, i. e.,totally occludedby otherobjects.for example,the objectsinside a cupboardthe inner part of anopaque
vaseandeverythingit could contain,etc. As we cansee,normally, morethanhalf the surfacesof the sceneshouldnot be
takeninto accountin thattotal areaterm. Onthe otherhand,if light sourceslluminatewith animportantportionof thetotal
power directly to coloredobjects,previously computedaveragere ectivity from the scenewould be biasedwith respecto
theactualone.

To solwe this problem, and can be more accuratelyestimatedoy shootinga few rays from the light sources
beforehandand follow their pathswhile computingstatisticallythe parametersve need. In this way ambientintensity
averagere ectivity andtheareareachedy thelight areeasilycomputed We will computeambientintensityfor everyframe,
anduseit to multiply the obscurance$actorand diffuse color to obtainindirect lighting. If light sourcespower changes
amongframesor light movementcauseshangesn occlusionconditions,ambientintensitywill alsochangeandresultin
beautifuleffectsin theanimation.In g. 4 theseeffectscanbeappreciated.



(b) Diffusere ectivity.

(a) Obscurancesnage.

(c) Directlight.

(f)=(c)+(d)+(e)Finalimage.

(e) Speculasurfaces.

Figure2: Thesesiximagesshaw thecontritutionthateachkind of raysof ourrenderingalgorithmgiveto the nal imageand
how it is computedThe rst image(a) shavs our maincontrikution: theobscurancesThesecondb) imageshowvs
thediffusecolor of eachobjectin the scene By multiplying bothimagesandthe ambientight we getindirectlight
image(d). Directlight is shavnin (c). Adding thecontribution of thespeculasurfaceqe) to (c) and(d) we getthe

nal image(f). All theimagesof thekitchensceneshavn herehave aresolutionof 800x600pixels.



(a.) Pathtracing.6510sec.rendering. (b.) Raytracedobscurances55sec.rendering.

Figure3: Thekitchenwith daylightillumination comparedvith pathtracingresults.Imageresolutionis 800x 600 pixels.

(a) Greenishambientterm. (b) Reddishambientterm.

Figure4: Thesetwo imagesshow thedifferencein ambientintensityfor indirectillumination whentwo differentdirectional
light sourcesareapplied.Image(a) shavs greenistambientintensityandin (b) ambientintensityis reddish.



(a) Aircraft model. (b) Kitchenmodel. (c) Stairsmodel.

Figure5: Thethreedifferentmodelsused.

Results

Theray-tracedbscurancewith light animationhave beenimplementedn the SIR systen{13]. Threetypesof light sources
have beenimplementedpoint, directionalandarealight sourcesbut only pointanddirectionalhave beenanimatedbecause
arealight sourcesarealwaysassociatetb anobjectof thesceneandmoving objectsarenottreatedyetin this context. Point
anddirectionallights areanimatediusingclassickeyframes.

Threemovies canbe downloadedfrom http://ima.udg.eslamendezTIC2001/gal-obsanim.htmlwherethreedifferent
modelsareusedto showv our results.Onerepresentsheinnerpartof anaircraft,including seatswindows, a screengtc. It is
composeaf 184687trianglesfeaturing461objectsandit is shavnin g. 5a.Thecorrespondingnovie present& 2 seconds
animation(48 frames)wherethe point light runsalongthe aircraft cabinfrom the camergpositionto the tail. Obscurances
computatiortake 462 secondsand484 secondsherestof the animation whatmakesan averageof 10.1secondgerframe
(19.7secondgperframeif we take accouniof obscurances).

The kitchen sceneis composedof 28937 trianglesfeaturing203 objects(g. 5b). The movie presentsa 10 secons
animation(240frames)in which directionallight follows a directionfrom the windows givenby the two polaranglesof the
correspondingreyframe,thussimulatingthe movementof the sunlight. Differentambienttermintensitiesfor eachframeare
clearly appreciated On the onehand,we geta brighterimagewhenmorelight getsinto the room, which we take directly
proportionalto the cosinusof the anglebetweerthe window andthelight ray. Onthe otherhandthe ambientintensitycolor
is directly relatedto the colorsof the objectsontowhich thelight rayshit. Obscurancesomputatiortake 264 secondsand
1960secondsherestof the animation whatmakesanaverageof 8.16secondperframe(9.27 secondperframeif we take
accounbf obscurances).

The third movie follows the sameideathanthe previous one. The modelrepresents setof stairs,banisterscolumns,
etc.,thatcouldbethe mainentranceof a castleor atheater It has121032trianglesfeaturing5800bjectsandis shavnin g.
5c. In theanimationwe seethe directionallight from the sevenwindows moving in a sun-like way. It takes144frames(6
seconds)Obscurancesomputatiortake 290secondsand1490secondsherestof the animation whatmakesanaverageof
10.35secondperframe(12.36secondperframeif we take accountof obscurances).

All imageshave a resolutionof pixelsandhave beenrenderedn a Pentium4 1.6 Ghzwith 1 Gb RAM. We
have usedin theobscurancesomputatiordO raysperpixel.



(a) Aircraft pointlight animation. (b) Stairsdirectionallight animation.

Figure6: Oneframefrom eachanimationof theaircaftandthe stairs. Theaircraftanimationpresentgointlight animation.
Thestairsmovie shows the sun-like movementof directionallights.

Conclusionsand futur e work

We have presentedh this paperthe combinationof the obscurancetechniquewith amoving light source Obscurancearea
fasttechniquehatusedwith ray tracingallows to obtainrealisticlooking images.It is partly nonphysicallyrealistic,asthe
indirect partof theillumination is computedwith deepimprovementover the ambientillumination. This techniques much
fasterthanray-tracedglobal illumination techniquessuchas path tracing, and resultingimagespresentmuch lessnoise.
Sincedirectandindirectillumination aredecoupledanimationof sourcdights canbeaddedwith no extracomputatiortime
for obscuranced-or indirectillumination, only theambientlight termis recomputedor every frameby shootinga few rays
from the light sourcesandfollow their pathswhile computingstatisticallythe parametersve need. In this way ambient
intensity averagere ectivity or theareareachedy thelight canbeeasilycomputed.

As futurework we planto explorethe advantage®f obscurancewith otherkindsof animation.In particulay moving the
cameran awalkthroughoverthe sceneandtakingadantageof theslowly varyingobscurancesverlargecoherentegions,
recomputatiorof indirect lighting canalsobe spedup. We canusea methodsimilar to Ward and Heckberts irr adiance
gradients[14] for obscuranceradients. Also for moving objects,and dueto the locality of the obscurance&omputation,
animationcanbe computedaster Accelerationfor graphicshardwarewill alsobeconsideredsin [6].

The techniquepresentedherecanbe usedasa fastediting tool or asthe nal image. Light animationcanhelpin light
designandto corvey shapeandfeaturef the objectsin thescene.
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