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Abstract

We presenta powerful, simpleand robust methodto
createrealistic-lookingpicturesof sceneswith objects
thathavediffuseandnon-diffusere�ectanceproperties.
Themethodrecreatestheobscurancestechnique, intro-
ducedsomeyears ago, with a new approach basedon
ray-tracing. The�r st version of the obscurancestech-
niquewasusedonly for diffuseenvironments.It is al-
readyworkingsuccessfullyin somewidelyknownvideo
gamesbecauseit is able to avoid the high costof ra-
diositytechniquesin theinteractiveandreal-timegame
environments.Softshadows,nice colour re�ection ef-
fects,visually pleasantrenderingof corners andother
partly occludedsurfacesof the sceneare reproduced
at a small fraction of the costof radiosity techniques.
Weextendhereobscurancesto handlenon-diffuseenvi-
ronmentsvia ray-tracing. Insteadof computingtheob-
scuranceof every patch in the scene, we will compute
view-dependentobscurances.Thedirectillumination is
separately handledand diffusecolor albedofunctions
are usedfor obscurancecomputation. We will show
in our resultsthat a realistic-lookingray-tracedimage
with obscurancescan be obtainedat least one order
of magnitudefaster than alternativenon-diffusetech-
niquesaspath-tracing. Ray-tracedobscurancescanbe
useful in animation,both in the editing phaseand/or
in �nal images,andin ray-tracedgames,whentheuse
of future graphicscardswill decreasedramaticallythe
costof tracinga ray.

1. Intr oduction

Ambient term (see[5],[15]) hasbeenusedfor a long
timeasacheapwayto completelocalilluminationtech-
niques. It wasmeantto give a faint approximationfor
all interre�ectionsof secondand higherorder. In [1]
this simple techniquewas enhancedin the Extended
AmbientTermapproachto obtainall possibleinforma-
tion withoutocclusioncomputation,usingbackfaceand
quasi-shadow effects.Obscurances[20, 9] canbeclas-

si�ed asathirdstepforward1. Occlusionsarenow taken
into account,but only a local environmentis queried.
The amountof occlusionwill determinatethe diffuse
effects. This technique,introducedin videogamesasa
cheapalternative to radiosity, hasbeenimprovedwith
color bleedingeffectsandallows a real-timeupdateof
the illumination whenmoving objectsarein the scene
[14].

Global illumination effectsarevery costly to simu-
late. Sophisticatedtechniqueslike bidirectional path
tracing[11],[16], Metropolislighting [17], photonmap
[10] haveallowedto reducesigni�cantly thecostof ob-
taininganoiselessimagebut they arestill computation-
ally veryexpensive.

Recentlyinteractiveray-tracingwith globalillumina-
tion effects hasbeenachieved in a clusterof parallel
personalcomputersthanksto theincreasein computing
speed,optimizedaccelerationstructuresandextensive
useof cache[18].

The techniquepresentedhere, althoughit is a not
a global illumination technique,is able to obtain at a
low costhigh quality realisticlooking imagesthatsim-
ulateaglobalilluminationsolution.Direct illumination
and glossyeffects are computedin the usualway[4],
anddiffuseeffectsarecomputedusingtheobscurances
techniques.Theoveralleffect is a nicelooking realistic
image.

This paperis organizedin thefollowing way. Previ-
ouswork is explainedin the next section. It includes
the obscurancesbasicidea (section2.1.), the problem
of thestrongsecondaryre�ectors(section2.2.)andhow
colorbleedingcanbeaddedandreal-timeupdateof ob-
scurancesfor moving objectsin a videogameengineis
obtained(section2.3.).In section3. threepossiblefunc-
tionsandtheeffectsthey have in theobscurancescom-
putationarestudied.In section4. we introducethenew
algorithm and describethe systematicsamplingtech-
nique usedto reducenoise. In section5. resultsand
�nal imagesarepresentedand�nally , in thelastsection

1Althoughnot in chronologicalorder, sincethey appearedbefore
theextendedambientterm



wepresentourconclusionsandgivesomedirectionsfor
futureresearch.

2. Previous Work

2.1. Obscurances

In [20, 9] the obscurancesillumination modelwasde-
�ned. Obscurancestake accountof secondarydiffuse
illumination, being totally decoupledfrom direct illu-
mination. Indirect illumination for point P is de�ned
as:

I
�

P���

1
p

R
�

P� IA
�

w � W
r

�

d
�

P� w ��� cosqdw (1)

where�

r
�

d
�

P� w �	� : functionwith valuesbetween0 and1,
andgiving themagnitudeof ambientlight incom-
ing from directionw

�

d
�

P� w� : distancefrom P to the �rst intersected
point in directionw

�

q: anglebetweendirectionw andthenormalat P�

IA: ambientlight intensity
�

R
�

P� : Re�ectivity at P
�

1 
 p is thenormalizationfactorsuchthatif r
�

��� 1
over thewholehemisphereWthenI

�

P� is R � IA

Direct illumination is addedto (1) to obtainthe�nal il-
luminationat thepoint. Functionr

�

� increaseswith d.
its shapeis givenin �gure 1. A maximumdistancefor
interaction,dmax is de�ned, sothatwhend 
 dmax then
r

�

d ��� 1. This meansthatwe only take into accounta
dmax-neighborhoodof P. Obscuranceof P is thende-
�ned as:
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Clearly 0 � W
�

P��� 1. Obscurancefor a patchis de-
�ned asthe averageof obscurancesfor all pointsin it.
An obscurancevalueof 1 meansthatthepatchis totally
open(not occludedwith neighbourpolygons),while a
valueof 0 meansthat it is totally closed(or occluded
with neighborpolygons).

Ambientlight in 1 is computedwith theformula:
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andAi , Ei , Ri are the area,emissivity and re�ectivity
of patchi, AT the sumof the areas,andn the number
of patchesin the scene.The ambientterm considered
herecorrespondsto thesecondaryillumination only, as
directillumination is computedapart.
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Figure1: Shapeof r
�

d � function.

2.2. Dif�cult lighting conditions

Obscurancesgiveagoodvisualsolutionin many cases,
speciallywhenlight sourcesarecenteredandilluminate
mostof thescene.But therearesomescenesin whicha
lamppointsdirectly towardsawall, or sunlightthrough
a window lights a red carpet. In thesekind of scenes,
a few polygonsbecomeimportantsecondaryre�ectors.
In bothcasestheobscuranceswould bea muchbiased
solutionwith respectto a physicallycorrectone.

In [14] thisproblemis commentedandafew illustra-
tive examplesaregiven. A simplebut not freesolution
is commentedalso: theideais to furtherexpandthedi-
rectilluminationwhenthesecasesaredetected.

2.3. Real-time Obscurances with color
bleeding

Computationof obscurancesis veryfastasit hasonly to
considera neighborhoodof apoint (or a patch).In [14]
aMonteCarloimplementationwith real-timeupdateof
movingobjectswaspresented.Also in [14] colorbleed-
ing wasincorporated.To do it we have to modify the
ambientlight computationby takingout theaveragere-
�ecti vity factorin (3):
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andmodify accordinglytheobscurances(2):
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whereR
�

Q� is there�ectivity of thepoint Q seenfrom
P in directionw. Whenno surfaceis hit at a distance
lessthandmax in directionw the obscurancetakes the
valueof Rave.

Obscuranceswith color bleeding have been im-
plemented within RenderPark software[8] and
within Crystal Space 3D engine[7]. Two scene
examples can be seen in Fig.2 and 3. More im-
ages and animated movies with real-time updated
obscuranceswith color bleeding can be found in
http://ima.udg.es/iiia/GGG/TIC2001-2416-C03-
01/gal_obscurances.html.

Figure2: Snapshot1 of a CrystalSpacescenewith ob-
scurances.

Figure 3: Snapshot2 of a Crystal Spacescenewith
obscurances.It demonstratestheyellow andred inter-
re�ection effects.

3. Study of the r function

Several familiesof functionsgive anapproximationof
the shapeseenin �gure 1. We have selecteda few of
themto studywhich onegive betterresultsto our pur-
poses.
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Theshapeandeffect of eachfunctioncanbe appre-
ciatedin �gure 4. The exponentialfunction (row (1.))
presenta darker effect andlesscolor bleedingthanthe
squareroot function (row (2.)). The constantfunction
doesnothavethedesiredshapeanddoesnotdependon
the d parameter, but it canbe consideredasa simpli-
�ed versionof thetechniquepresentedhereandis used
underthe nameof ambientocclusionin several com-
mercial renderers,suchas Photorrealistic Renderman
by Pixar[12, 3]. In row (3.) of �gure 4 we canseethat
theuseof this constantfunctionresultsin a darker im-
ageanddoesnotpresentcolor bleeding.

As any of the two former functionscanbe usefulto
our purposes,we will choosethe square root function
becauseit is moresimpleandeasierto compute.

4. Extension to glossy envir on-
ments: Ray-tracedobscurances

Theextensionof thetechniqueto dealwith generalen-
vironmentsis donein the context of ray-tracing. We
have �rst to substitutein the formulas(4,5,6) the dif-
fuse re�ectivity by the albedo. Let us de�ne �rst the
meanalbedoat asurfacepoint P:
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wherea
�

L � is thealbedofor incominglight directionL,
and the integral is over the hemispherecenteredat P.
We make the assumptionthat all pointsof a surfacei
havethesamemeanalbedo,ai .

Theaveragealbedois de�ned as:



(1.a)Shapeof theexponentialfunction. (1.b)Exponentialfunctionobscurances.

(2.a)Shapeof thesquareroot function. (2.b)Squareroot functionobscurances.

(3.a)Shapeof theconstantfunction. (3.b)Ambientocclusion.

Figure 4: The useof different functionsto calculatethe obscurancescan be appreciated.In (1) the exponential
functionis used.In (2) thefunctionusedis thesquareroot one.And in (3) a stair functionequalto 0 whend � dmax
andto 1 whend � dmax is used,this oneis calledambientocclusionon severalcommercialrenderers.Herewe take
dmax � 1 � 0m.
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4.1. Algorithm

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

�

Shadow rays: Ndl direct illumination rays are
traced to the light sourcesfrom the hit points.
Stochasticallya randompoint of a randomlight
sourceof the sceneis selectedanda shadow ray
is tracedfrom the hit point to the selectedpoint.
If both points seeeachother, contribution of the
light sourceto the hit point is computed. Figure
5.cshowsthis contribution.

�

Obscurance rays: Nobs rays are stochastically
tracedwith a cosq distribution to computetheob-
scuranceof point P, this is, we solve by Monte
Carlo the integral in (13). This way we compute
anestimatorof indirectlight for this pointby mul-
tiplying theobscurancetermby thediffusere�ec-
tivity at thepointandtheambientintensity. Figure
5.ashows theobscurancescontribution, thatmul-
tiplied by the re�ectivity color of theobjects(�g.
5.b) resultsin the indirect light contribution (�g.
5.d).

�

Specularrays: Whenthehit point correspondsto
a glossyor specularsurfacea pathis followedac-
cordingto usualpath-tracing.This is shown in �g.
5.e.

The�nal illumination is thengivenby addingthedi-
rect lighting, speculareffect and diffuse effect repre-
sentedby theobscurancesmultiplied by ambientlight.
Following thekitchenexample,we�nally gettheimage
in �g. 5.f.

4.2. Noise reduction: Systematic Sam-
pling

Whencomputingtheobscurancecontributionto apoint
in thescene,insteadof usingNobs randomrays,we can
chooseonly onerandomrayoverasmallportionof the
areaof anhemisphere,andthencomputetherestof rays
by addingthecorrespondinganglesin longitude(f ) and
latitude(q). See[2, 6].

Firstwechoosea partitionof thehemispheren1 � n2
that multiplied will correspondto Nobs. Thenwe will
gettwo randomnumbers:�
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Thesetwo randomnumbersx1 andx2 will helpusto
�nd the�rst randomray, thatwill begivenby its polar
angleschosenin thefollowing way:
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Therestof theraysarecomputedasfollows:
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In �gure 6 we canappreciatethe reductionof noise
whensystematicsamplingis applied.

5. Results

The ray-tracedobscuranceshave beenimplementedin
theSIR system[13]. Oncether

�

� function is selected
(seesection3.) several parametersin�uence the be-
haviour of theobscurances.Oneparameteris themax-
imum distanceselected,dmax. A smalldistancewill al-
low for a fastercomputationdueto voxelizationof the
scene,while a longeronewill take into accountmore
darkening(andcolor bleeding)effects. In Fig.7we see
four obscuranceimageswith differentdmax. In Fig.7.a
dmax � 0 � 2m,andthecomputationtime is 219sec.,and
in Fig.7.ddmax � 2 � 0m,andthecomputationtimeis 314
sec.Theothertwo imagesshow valuesin between,as
expected. For the purposeof our comparisonswe se-
lectedthedmax � 1 � 0m. This valueis chosenin anem-
pirical way, aswe have perceivedthata dmax valuebe-
tweena quarterandhalf the sizeof the boundingbox



(a)Obscurancesimage. (b) Diffusere�ectivity.

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

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

Figure5: Thesesix imagesshow thecontribution thateachkind of raysof our renderingalgorithmgive to the �nal
imageandhow it is computed.The �rst image(a) shows our main contribution: the obscurances.The second(b)
imageshowsthediffusecolorof eachobjectin thescene.By multiplying bothimageswegetindirectlight image(d).
Direct light is shown in (c). Adding thecontribution of thespecularsurfaces(e) to (c) and(d) we getthe�nal image
(f). All theimagesof thekitchensceneshown herehavearesolutionof 800x600pixels.



(a)Randomsampling. (b) Systematicsampling.

Figure6: We canseethe differenceof noisebetweenrandomsamplingandsystematicsamplingwhenappliedto
obscurancesfor this cornellboxscene.16 raysareusedfor eachobscurancecomputation.

of the scenegive betterresultsthanbiggeror smaller
values.

All imageshave beenrenderedon a Pentium4 1.6
Ghzwith 1 Gb RAM. We haveusedin theobscurances
computation8 raysper pixel and5 raysper hit point,
that makes a total of 40 rays per pixel. The kitchen
sceneis composedof 28937trianglesfeaturing203ob-
jects.

Besidesthekitchen(�g. 10), two moremodelshave
beenusedto test our algorithm. One representsthe
inner part of an aircraft, including seats,windows, a
screen,etc. It is composedof 184687trianglesfeaturing
461objectsandit is shown in �g. 11. Theothermodel
representsa setof stairs,banisters,columns,etc., that
couldbethemainentranceof acastleor atheater. It has
121032trianglesfeaturing580objectsandis shown in
�g. 12.

5.1. Comparison to Path Tracing

Herewe compareour methodto PathTracing,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 different illu-
minationof thekitchenarealsoshown andcomparedto
PT.

When renderingall theseimages,in the ray traced

obscurancesmethod,for everypixel 40 raysareusedto
get the direct light, other40 raysaretracedto get the
obscurances(andimmediatelytheindirectlight), andif
arayhitsanon-diffusesurfaceoneadditionalrayis cast
to accountfor speculareffectsup to six levelsof depth
if applyable.

To achieve thesameerror for direct light in thepath
tracingmethod,40raysarealsousedperpixel. Eachof
theseraysaccountfor the �rst level of a paththatwill
continueup to 6 levelsof depthto gettheindirectlight.
And sameasbefore,whena non-diffusesurfaceis hit
anadditionalray is castto getthespeculareffects.

There's no surprisethen that, for every pair of im-
ages,whena visual comparisonis done,direct illumi-
nationlooks the sameandindirect illumination is per-
ceived with much more noisein PT than with obscu-
rances,evenwhenPTimagestakealmost10timesmore
to computethantheobscurancesones.

To perceivemuchbetterthedifferencesbetweenboth
methods,�g.9 show the �nal imagesof aircraft model
in abiggerpresentation:pathtracing,�g.9a, andobscu-
rancesbased,�g.9b. Apart from thenoiselevel, wecan
seethedifferencebetweenatrueglobalilluminationso-
lution, PT, andour obscurancesbasedsolution. In the
PT solution,(a �gure) theobjectsnearthe light source
(in this casewe cannot seethe light sourcebeauseit
is behindthecamera)arelighteddueto theceiling and
otherwalls thatactassecondarysources.On theother



(a)Maximumdistance0.2meters.219secs.rendering. (b) Maximumdistance0.5meters.241secs.rendering.

(c) Maximumdistance1.0meters.264secs.rendering. (d) Maximumdistance2.0meters.314secs.rendering.

Figure7: Comparisonof the imagesof obscuranceswith differentmaximumdistances.This parameterallows us to
controlthelocality of thecalculation.Dueto thevoxelizationof thescene,whenthedistancedecreases,thecalculation
is faster. Imageresolutionis 800x 600pixels.



handin the obscurancesimage,the seatsandwalls in
therearpartof theaircraft imagearemoreilluminated
dueto theambientlight term.A solutionto thisproblem
would requireto storethe incoming lighting of these
secondaryemitters.

Figure 10: Snapshotof a global view of the kitchen
modelshowing thecameraposition.

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

6. Conclusionsand futur ework

We have presentedin this papera fasttechniqueto ob-
tain realisticlooking ray-tracedimages.It is partly non
physicallyrealistic,asthe indirectpartof theillumina-
tion is computedwith deepimprovementovertheambi-
ent illumination, theobscurancestechnique.This tech-

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

nique is much fasterthan ray-tracedglobal illumina-
tion techniques,suchaspathtracing,andresultingim-
agespresentmuchlessnoise,thatcanbereducedeven
moreusingsystematicsamplingtechniquesfor theob-
scurancecalculation.

Someimprovementsandfuturework arereadyto be
done. For example,thecomputationof ambientinten-
sity andaveragere�ectivity take into accountall areas
of thesceneevenwhenprobablymany of thesurfaces
of thescenearehiddento the light (bottlesinsidecup-
boards,the inner part of the jar, etc.). Someideasin
thisdirectionarebeingexplored,suchasshootingafew
raysfrom thelight sourcesbeforehand,andfollow their
pathswhile computingstatisticallythe parameterswe
need. This way ambientintensity, averagere�ectivity
or theareareachedby thelight canbeeasilycomputed.

Following this idea,the importantsecondaryre�ec-
tors (seesection2.2.) problemcanbe solved in a two
stepprocess:�rst, while computinglighting parame-
ters,we take accountof thepatchestouchedby a high
energy direct light ray, thesecan be marked as sec-
ondaryre�ectors. In thesecondphase,if anobscurance
ray shotfrom thehit point hits oneof thesepatches,an
additionalray to the light is traced,this way, not only
obscurancebut secondarylighting is takeninto account.

Addition of otherglobal illumination effectssuchas
refractionis straightforward. Application to animation
in dynamicenvironmentswill be alsoconsidered.As
obscurancesaredecoupledfrom direct illumination, a
sequenceof framescorrespondingto a moving light
source,i.e. a torch,canbeef�ciently computed.

Anotherideais to usetheextendedambienttermpre-
sentedin [1], classifyingpolygonsof thesceneinto six
differentclasesandusingsix differentambientterms,



(a.i) Pathtracing.6510sec.rendering. (a.ii ) Raytracedobscurances.655sec.rendering.

(b.i) Pathtracing.14309sec.rendering. (b.ii ) Raytracedobscurances.1495sec.rendering.

(c.i) Pathtracing.11180sec.rendering. (c.ii ) Raytracedobscurances.858sec.rendering.

Figure8: Thekitchenwith daylightilluminationandviewsof theaircraftandthestairs,all comparedwith pathtracing
results.Imageresolutionis 800x 600pixels.



(a)Pathtracing.10190sec.rendering.

(b) Raytracedobscurances.1000sec.rendering.

Figure9: Final aircraft imagesin moredetailedpresentation.Obscurancesimageis computed10 timesfasterand
presentssigni�cantly lessnoisethanpathtracingimage.



onefor eachclass.
Finally, we can usea methodsimilar to Ward and

Heckbert's irr adiance gradients [19] for obscurance
gradients. This shouldspeedup the renderingssince
therearelargecoherentregionswith slowly varyingob-
scurance.

The techniquepresentedherecan be usedas a fast
editing tool or as the �nal image. We expect that ad-
vancesin graphicshardwarewill makeit possibleto run
in real-timein a not sodistantfuture.
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