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1 Intr oduction

An importantchallengein interactive renderingof large
sceness ensuringthat computationaleffort is concen-
trated on objectsthat are visible. Many approacheso
this problemhave beenproposedwith varioustrade-ofs
in preprocessinglevel of approximation,choice of oc-
cluders,and use of temporalcoherence.We describea
point visibility algorithmwith nearlinear preprocessing,
the e xibility to be usedfor exactor approximatecalcu-
lations, no distinction betweenoccludersand occludees,
and such that temporal coherences leveragedbeyond
simply storing information from previous frames. The
underlying algorithm is conceptuallysimilar to that of
Riviere[2, asit involveskeepingtrack of a substructure
of the visibility complex. Our basic2-D algorithmmay
be extendedto incorporatethe notion of partial occlusion
and thus be usedas an acceleratiortechniquein a 3-D
visibility algorithm.

2 Visible Zone Maintenancein 2-D

We begin by consideringhe problemof maintainingvis-
ibility from a moving obsenrer in two dimensions. Let
S beasetof N non-overlappingcorvex polygonsin the
planein generalposition, so that, for example,no three
objectssharea commontangentline. Let F be the free
spacesurroundinghe polygons;namely the complement
of the union of theinteriorsof elementof S, Let p bea
point (the obsener) thatliesin F. The visibility polygon
V is thesetof pointsin F suchthatastraightline segment
from pto apointof V liesentirelywithin F. At any given
momentthemotionof theobserer pis assumedo bede-
scribedby apseudo-algebraitinctionof constantegree,
suchthatp remainstall timesin F. Thefunctiondescrib-
ing the movementof p maybe changedsay in response
to the movementof a mouse)as p moves. The problem
is to designanef cient on-linealgorithmthatmaintainsa
list of the objectsalongthe boundaryof V atall timesas
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p moves. Thislist will be calledthevisible set andmay
includeanobjectmorethanonceif theobjectis visiblein
two distinctplacesalongthevisibility polygon.

A radialsweepprovidesadirectmethodfor computing
thevisible setof anobsererin astaticscene This sweep
canbe usedto build a (radial) trapezoidakubdvision of
theplanethatis exactly analogouso theclassic(vertical)
trapezoidakubdvision (seeFigure1). A radial subdvi-
sion consistsof the polygonsof S togetherwith a setof
line sggmentsde ned asfollows.

Let| bealine throughthe point obsenrer p thatis also
tangento apolygonP of S. A tangensegmentof P is the
connectegbortionof | incidentto P thatliesin freespace.
Eachof the framesof Figurel1 shaws a slightly different
radial subdvision. Someof the tangentsggmentsextend
all thewayto theobsener p, while othersarenotincident
to p becausehereare one or more objectsbetweenthe
tangentpointandp.

An incrementalchangein the combinatorialstructure
of theradialsubdvisionthatcomesaboutasaresultof ob-
senermotionis calledanelementarystep. In anelemen-
tary step,two neighboringtangentsegmentsbecomemo-
mentarilycoincidentandthenseparategainwith differ-
entincidentpolygons. Among kinetic algorithms,main-
taining a radial subdiiision may be consideredstraight-
forward,sincetheupdatesaresimpleandthe equationgo
solve for the eventtimesarelinearin the motionof p. If
theradial subdvision is maintainedray queriesfrom the
obsener canbe handledef ciently, evenif the ray must
reportthe rst k objectsthatit intersects.

However, maintaininga radial subdvision mayrequire
mary updatesfar from the obserer, evenif the visible
setdoesnot change. A generalizatiorof the radial sub-
division can be de ned asfollows. Considera tangent
segmentto represenhot justonesggment,but a maximal
connectedset of sggmentstangentto a given objectand
incidentto two othergivenobjects.Thatis, atangentseg-
mentt representanequialenceclassof all sggmentghat
canbeobtainedby slidingt alongthe boundaryof its tan-
gentobjectwithout becomingtangento a secondbject.
Theelementarystepoperationis thena combinatorialip-
datefor theseequivalenceclasseshatcanbeappliedeven
whenthereis no mation, solong asthe boundaryof two



suchequivalenceclassesncludesa commonelement. A
visible zoneis de ned to be ary setof tangentsggments
thatcanbe obtainedby applyingelementanstepsto ara-
dial subdvision.

Although the datastructurefor a visible zoneappears
identicalto that of a radial subdvision, the maintenance
of avisible zonemayrequirefar fewer updategseeFig-
ure 2). As the obserer moves,no elementarystepsare
requireduntil the visible setchangessincetheincidence
relationshipdbetweentangentseggmentsandobjectsneed
not be affected by the obserer motion. By delaying
changego thevisible zoneaslong aspossiblethekinetic
maintenancalgorithmavoidsmary updatesn regionsfar
from the obsener. However, this “lazy' evaluationresults
in a more complex updateprocedurewvhenthe visibility
doeschange.

The updateprocedurefor maintaininga visible zone
consistsof recursvely identifying elementarystepsthat
must be applied, and then applying them, asiillustrated
in Figure 3. As the obsener movesto theright, the tan-
gentsegmentCiigyy turnscounterclockwiseaboutits tan-
gentobjectC, until C;igry becomedangentto theleft side
of A. At that moment,the combinatorialdescriptionof
Cright Nneeddo changeln orderto makethis changeCiign
needso undego an elementarystepwith Aef;. In order
to bring Ajeft into alignmentwith Crigre, however, Ajert
mustbeturnedcounterclockwiseby meanof elementary
stepswith Bjet andDyigrt, respectiely. The precisege-
ometriclocationsof Bjesr andDyigy afterthe elementary
steparenot recordedn the combinatorialdescriptionof
eachtangensggment.For illustration purposeshowever,
we choosesomeanglethatis consistentwith the combi-
natorialinformation, so that for exampleByef is shavn
connectedo A, ratherthanC in the secondrame. After
thesetwo elementarysteps,Ajeft iS in a positionwhere
it canundego an elementarystepwith Cigre. Oncethe
elementarystepbetweenAer; and Cyigr is applied, the
obsenrer can continuemoving to the right, and the tan-
gentseggmentsconnectedo the obsenrer correctlyre ect
thelist of visible objects. The variouselementarysteps
describedn this updatewould have occurredearlierif a
radial subdvision were being maintained;the “lazy' ap-
proachof thevisible zoneavoidedtheseelementarysteps
until they werenecessary

3 Extensionsto the Visible Zone Al-
gorithm

While two dimensionaklgorithmsarenot directly appli-
cableto mary ervironmentf interesin computegraph-
ics, the visible zoneis a e xible structurethat can be
adaptedo variousothersettings. For example,consider

a threedimensionalscenewherethe objectsall lie near
to agivengroundplane. A ray queryin thethreedimen-
sionalsceneyiewedfrom above, appearsimilarto aray
queryin the plane,exceptthatthe ray may passthrough
theinterior of (the projectionof) anobject. To accelerate
3-D ray queries,we usea two dimensionalquery struc-
ture that allows raysto passthroughobjects. Sucha ray
guerycanbe handledby the visible zoneby updatingthe
tangensggmentseartherayto line upwith theobsener,
andthus mimic the operationof sucha queryin aradial
subdvision.

In orderto applythis exactvisibility algorithmto a set
of complex 3-D objectdik etrees(seeFigure4), werepre-
senteachobjectasa pair of axis-alignedboxes. Theouter
boundingbox containsall the polygonsof the tree, and
the inner occluderbox approximateghe areasof dense
foliage. Justaswith 2-D raysthat passthroughobjects
accordingto somepredicatewe allow 3-D raysto pass
throughtheinner occluderboxessubjectto an aggreyate
occlusionfunction, thusmodelinggapsin the middle of
densefoliage. Finally, insteadof tracingindividual rays
to establishvisibility, we collectthe effect of ray bundles
in a radial sweepaboutthe obsenrer that occurssimul-
taneouslyin the full 3-D spaceandthe projectedspace,
usinginformationin the planeto speedup the top level
sweep We obtainperceptuallyaccuratevisibility atinter-
active frame-ratesn a densdorestscene.

Tablel: Statisticsabouttheforestsceneythrough.

Numberof objectsin scene 835,089
Total polygonsin scene 10,000,008,491]
Avg objectsdravn perframe 46
Avg visibility computatiortime | 5.3ms.perframe
Time to generateénitial zone 30sec.

All measurementseremadeon aPCwith 1.8 GHz
Intel PentiumlV processoandNVidia GeForce3
graphics.
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Figurel: Theradial subdivision consistof a setof sggmentstangento sceneobjectsandalignedwith the obsener.

Figure2: Thevisible zonepermitsfewer updates/et retainsthe segmentsncidentto the obsener.
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Figure3: A recursve updateto thevisible zone.

Figure4: A framefrom a ythrough of aforestsceneacceleratedisingvisible zonemaintenanceThe sceneconsists
of 835,08%reeobjects,and10 billion total polygons.For this frame,50 treesand1,887,7140lygonswererendered.
Therenderingtime was85 ms.,while thetime devotedto visibility maintenancevasé ms.



