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Obscurancesis apowerful techniquethatapproximatesindirectglobalillumination in amuchfasterway than

classicmethodsasradiosityor pathtracing.In thismethod,thelocalenvironmentof apointor apatchis sampled
to estimatetheamountof occlusionthatsurroundsit. Fineeffectsascolor re�ection canbeaddedandvisually

pleasantrenderingof cornersandsoftshadowsareeasilycomputed.Combinedwith raytracingtechniques,non-
diffuseandspeculareffectscanbeaddedto thesurfaces,obtainingthusbeautifulandrealisticrenderedimages.

Sincedirect and indirect illumination aredecoupled,obscurancesarevery useful to renderanimationframes

for moving light sources,asthey have to be computedonly for the �rst frameandthenreused.Ambient light
intensitycanalsobe decoupledfrom obscurancesandestimatedfor every frame,resultingin beautifulcolor-

changingeffects. Light animationhelp in light designandto convey shapeandfeaturesof the objectsin the
scene.
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Intr oduction
Obscurances[1, 2] is anambienttermtechniquewhereocclusionsaretakeninto account,althoughonly a local environment
is queried. The amountof occlusionwill determinatethe diffuseeffects. This technique,introducedin videogamesasa

cheapalternativeto radiosity, hasbeenimprovedwith colorbleedingeffectsandallowsa real-timeupdateof thediffuse-like
illumination whenobjectsmove in the scene[3]. A simpli�ed versionof obscurancesis usedin well known commercial

rendererssuchasPixar'sPhotorrealisticRenderManunderthenameof ambientocclusion[4, 5, 6].
Global illumination effectsarevery costly to simulate. Sophisticatedtechniqueslike bidirectionalpathtracing[7, 8],

Metropolislighting [9] andphotonmap[10] have allowedto reducesigni�cantly thecostof obtaininga noiselessimagebut
they arestill computationallyveryexpensive.

Obscurances,althoughit is a not a global illumination technique,is able to obtainat a low costhigh quality realistic

looking imagesthatsimulatea globalillumination solution.Direct illumination andglossyeffectsarecomputedin theusual
way [11], anddiffuseeffectsarecomputedusingthe obscurancestechniques.The overall effect is a nice looking realistic

image.
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The techniquepresentedin this paperappliesobscurancesto renderingof animationframeswith moving light sources.
We take advantageof oneof thepropertiesof theobscurances,thedecouplingof directandindirect illumination. Thus,we

justneedto computeobscurancesoncein the�rst frameandreusethemin therestof theanimation.A differentambientlight
intensityis estimatedfor every frame,resultingin beautifulcolor-changingeffects.

Thispaperis organizedin thefollowing way. Obscurancestechniqueis explainedin detail in thenext section.It includes
theobscurancesbasicidea,how color bleedingcanbeadded,andthecombinationof obscuranceswith ray-tracingto render

imagesof glossyscenes.In thenext sectiontheuseof obscurancesin combinationwith light animationis explained.Then,
the useof differentambientintensitiesdependingon the light animationis introduced. Resultsand �nal animationsare

analizedand�nally , in thelastsectionwe presentour conclusionsandgivesomedirectionsfor futureresearch.

Obscurances
In [1, 2] theobscurancesilluminationmodelwasde�ned. Obscurancestakeaccountof secondarydiffuseillumination,being

totally decoupledfrom directillumination. Indirectillumination for point
�

is de�ned as:
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	 . Obscurancefor a patchis de�ned astheaverageof obscurancesfor all pointsin it. An obscurance

valueof 1 meansthat thepatchis totally open(not occludedwith neighbourpolygons),while a valueof 0 meansthat it is

totally closed(or occludedwith neighborpolygons).
Ambientlight in (1) is computedwith theformula:
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arethearea,emissivity andre�ectivity of patchT ,
M O

thesumof theareas,and U thenumberof patchesin the
scene.Theambienttermconsideredherecorrespondsto thesecondaryilluminationonly, asdirect illumination is computed

apart.
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Figure1: Shapeof
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Real-timeObscuranceswith color bleeding
Computationof obscurancesis very fastasit hasonly to considera neighborhoodof a point (or a patch). In [3] a Monte
Carlo implementationwith real-timeupdateof moving objectswaspresented.Also in [3] color bleedingwasincorporated.

To do it, there�ectivity of thepoint V seenfrom
�

in direction
�

is incorporatedto theobscurancesequation:
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Whennosurfaceis hit atadistancelessthan
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in direction
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theobscurancetakesthevalueof
�
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. Wecanconsider

thenthattheaveragere�ectivity factoris includedin theobscurances,thustheambientlight computationhasto bemodi�ed
by takingout theaveragere�ectivity factorin (3):
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Extensionto glossyenvir onments:Ray-tracedobscurances
Theextensionof thetechniqueto dealwith generalenvironmentsis donein thecontext of ray-tracing[12]. In theformulas
(4,5,6)thediffusere�ectivity is substitutedby themeanalbedo.

Thealgorithmis asfollows. A ray is tracedin theusualway from theview point througha pixel, hitting a point
�

of
somesurfacein thescene.Thenfrom

�

, threekind of rayscanbetraced:
(

Shadow rays: Y[Z]\ direct illumination raysaretracedto the light sourcesfrom the hit points. A randompoint of a
randomlight sourceof thesceneis selectedstochasticallyanda shadow ray is tracedfrom thehit point to theselected

point. If bothpointsseeeachother, contributionof thelight sourceto thehit point is computed.Figure2.cshows this
contribution.

(

Obscurancerays: Y�^=_a` raysarestochasticallytracedwith a
!�#&%0'

distribution to computetheobscuranceof point
�

,

this is, we solveby MonteCarlotheintegral in (5). In this waywecomputeanestimatorof indirectlight for thispoint
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by multiplying theobscurancetermby thediffusere�ectivity at thepoint andtheambientintensity. Figure2.ashows
theobscurancescontribution,thatmultipliedby there�ectivity colorof theobjects(�g. 2.b)resultsin theindirectlight

contribution(�g. 2.d).
(

Specular rays: Whenthehit point correspondsto a glossyor specularsurfacea pathis followedaccordingto usual
path-tracing.This is shown in �g. 2.e.

The �nal illumination is thengiven by addingthe direct lighting, speculareffect anddiffuseeffect representedby the
obscurancesmultipliedby ambientlight. Following thekitchenexample,we �nally gettheimagein �g. 2.f.

Theresultingimagesarecomparedto pathtracing(PT) in �g. 3, wheremuchmorenoisecanbeappreciatedin PT than
in obscurances,evenwhenPT imagestakealmost10 timesmoreto computethantheobscurancesones.

Animation of light sources
Insteadof computingevery framefrom scratch,we cantake advantageof the fact that neitherthe obscurancesnor the hit
pointshave to be recomputed.This is possibleif the cameraandall objectsin the sceneare�x ed, andonly lights move

from frameto frame.Thuswe compute�rst theobscurancesandstorethehit pointsandincomingdirectionsof theeyerays.
Then,for eachframedirect illumination andspeculareffectsarecomputedusingshadow andspecularraysusingthestored

hit pointsanddirections.Thishasthesideeffectof increasingframe-to-framecoherence,eliminating�ick ering.

Backto �g. 2, images(a) and(b) arethesamefor all frames.As we will seein next section,to computeindirectlight in
image(d), ambientlight factorcanbeestimatedindependentlyfor every frame. Thus,only direct light (c), speculareffects

(e),andanambientlight factor, have to berecomputedwhenlight sourcesmoveor changeintensitywith respectto thenext
frame.

Discussionon the ambient intensity and averagere�ecti vity terms
Equation(3) describeshow ambientintensityis computed,asa draft approximationto whatactualambientintensitycould

be. It usesequation(4) for averagere�ectivity. In bothequationstotal areaof thesceneis takeninto account.It meansthat
we make theassumptionthat the light energy getsdistributedaroundthesceneandilluminateswith thesameintensitynot

only every objectbut every partof every object,andthatsecondarylighting occurin thesameway. Whenlight emittersare

positionedin thecenterof thesceneandilluminatemostof it, theambientintensitygivenby equation(3) is agoodestimation.
But in mostscenestheseassumptionsdo not apply. Normally, a noticeablepartof thesurfacesof thescenearehidden

to the light, i. e., totally occludedby otherobjects,for example,theobjectsinsidea cupboard,the innerpartof anopaque
vaseandeverythingit couldcontain,etc. As we cansee,normally, morethanhalf thesurfacesof thesceneshouldnot be

takeninto accountin thattotal areaterm.On theotherhand,if light sourcesilluminatewith animportantportionof thetotal
power directly to coloredobjects,previously computedaveragere�ectivity from thescenewould bebiasedwith respectto

theactualone.
To solve this problem,

�$�

and
�

17B�C

canbe moreaccuratelyestimatedby shootinga few rays from the light sources

beforehand,and follow their pathswhile computingstatisticallythe parameterswe need. In this way ambientintensity,

averagere�ectivity andtheareareachedby thelight areeasilycomputed.Wewill computeambientintensityfor everyframe,
anduseit to multiply the obscurancesfactoranddiffusecolor to obtain indirect lighting. If light sourcespower changes

amongframesor light movementcauseschangesin occlusionconditions,ambientintensitywill alsochangeandresult in
beautifuleffectsin theanimation.In �g. 4 theseeffectscanbeappreciated.
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(a)Obscurancesimage. (b) Diffusere�ectivity.

(c) Direct light. (d)=(a)x(b)Indirectlight.

(e)Specularsurfaces. (f)=(c)+(d)+(e)Final image.

Figure2: Thesesix imagesshow thecontributionthateachkind of raysof ourrenderingalgorithmgiveto the�nal imageand

how it is computed.The�rst image(a)showsourmaincontribution: theobscurances.Thesecond(b) imageshows

thediffusecolorof eachobjectin thescene.By multiplying bothimagesandtheambientlight wegetindirectlight
image(d). Direct light is shown in (c). Adding thecontributionof thespecularsurfaces(e) to (c) and(d) wegetthe

�nal image(f). All theimagesof thekitchensceneshown herehavearesolutionof 800x600pixels.
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(a.) Pathtracing.6510sec.rendering. (b.) Raytracedobscurances.655sec.rendering.

Figure3: Thekitchenwith daylightilluminationcomparedwith pathtracingresults.Imageresolutionis 800x 600pixels.

(a)Greenishambientterm. (b) Reddishambientterm.

Figure4: Thesetwo imagesshow thedifferencein ambientintensityfor indirectilluminationwhentwo differentdirectional
light sourcesareapplied.Image(a) showsgreenishambientintensityandin (b) ambientintensityis reddish.
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(a)Aircraft model. (b) Kitchenmodel. (c) Stairsmodel.

Figure5: Thethreedifferentmodelsused.

Results
Theray-tracedobscuranceswith light animationhavebeenimplementedin theSIRsystem[13]. Threetypesof light sources
havebeenimplemented:point,directionalandarealight sources,but only pointanddirectionalhavebeenanimated,because

arealight sourcesarealwaysassociatedto anobjectof thescene,andmoving objectsarenot treatedyet in thiscontext. Point
anddirectionallightsareanimatedusingclassickeyframes.

Threemoviescanbe downloadedfrom http://ima.udg.es/̃amendez/TIC2001/gal obsanim.html,wherethreedifferent
modelsareusedto show our results.Onerepresentstheinnerpartof anaircraft,includingseats,windows,a screen,etc. It is

composedof 184687trianglesfeaturing461objectsandit is shown in �g. 5a.Thecorrespondingmovie presentsa2 seconds
animation(48 frames)wherethepoint light runsalongtheaircraftcabinfrom thecamerapositionto the tail. Obscurances

computationtake 462seconds,and484secondstherestof theanimation,whatmakesanaverageof 10.1secondsperframe

(19.7secondsperframeif we takeaccountof obscurances).
The kitchen sceneis composedof 28937trianglesfeaturing203 objects(�g. 5b). The movie presentsa 10 secons

animation(240frames)in which directionallight followsa directionfrom thewindowsgivenby thetwo polaranglesof the
correspondingkeyframe,thussimulatingthemovementof thesunlight.Differentambienttermintensitiesfor eachframeare

clearlyappreciated.On theonehand,we geta brighterimagewhenmorelight getsinto theroom,which we take directly
proportionalto thecosinusof theanglebetweenthewindow andthelight ray. On theotherhandtheambientintensitycolor

is directly relatedto thecolorsof theobjectsontowhich thelight rayshit. Obscurancescomputationtake 264seconds,and
1960secondstherestof theanimation,whatmakesanaverageof 8.16secondsperframe(9.27secondsperframeif we take

accountof obscurances).

The third movie follows thesameideathanthepreviousone. Themodelrepresentsa setof stairs,banisters,columns,
etc.,thatcouldbethemainentranceof acastleor a theater. It has121032trianglesfeaturing580objectsandis shown in �g.

5c. In theanimationwe seethedirectionallight from thesevenwindows moving in a sun-like way. It takes144frames(6
seconds).Obscurancescomputationtake290seconds,and1490secondstherestof theanimation,whatmakesanaverageof

10.35secondsperframe(12.36secondsperframeif we takeaccountof obscurances).
All imageshave a resolutionof b�>&>

-dc

>&> pixelsandhave beenrenderedon a Pentium4 1.6Ghzwith 1 Gb RAM. We

haveusedin theobscurancescomputation40raysperpixel.
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(a)Aircraft point light animation. (b) Stairsdirectionallight animation.

Figure6: Oneframefrom eachanimationof theaircaftandthestairs.Theaircraftanimationpresentspoint light animation.

Thestairsmovie showsthesun-likemovementof directionallights.

Conclusionsand futur e work
We havepresentedin thispaperthecombinationof theobscurancestechniquewith amoving light source.Obscurancesarea

fasttechniquethatusedwith ray tracingallows to obtainrealisticlooking images.It is partly nonphysicallyrealistic,asthe
indirectpartof the illumination is computedwith deepimprovementover theambientillumination. This techniqueis much

fasterthan ray-tracedglobal illumination techniques,suchaspath tracing,andresultingimagespresentmuch lessnoise.
Sincedirectandindirectilluminationaredecoupled,animationof sourcelightscanbeaddedwith noextracomputationtime

for obscurances.For indirectillumination,only theambientlight termis recomputedfor every frameby shootinga few rays

from the light sources,andfollow their pathswhile computingstatisticallythe parameterswe need. In this way ambient
intensity, averagere�ectivity or theareareachedby thelight canbeeasilycomputed.

As futurework weplanto exploretheadvantagesof obscuranceswith otherkindsof animation.In particular, moving the
camerain awalkthroughover thescene,andtakingadvantageof theslowly varyingobscurancesover largecoherentregions,

recomputationof indirect lighting canalsobe spedup. We canusea methodsimilar to Ward andHeckbert's irr adiance
gradients[14] for obscurancegradients.Also for moving objects,anddueto the locality of the obscurancecomputation,

animationcanbecomputedfaster. Accelerationfor graphicshardwarewill alsobeconsideredasin [6].
The techniquepresentedherecanbeusedasa fastediting tool or asthe �nal image. Light animationcanhelp in light

designandto convey shapeandfeaturesof theobjectsin thescene.
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