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1 Intr oduction

An importantchallengein interactive renderingof large
scenesis ensuringthat computationaleffort is concen-
tratedon objectsthat are visible. Many approachesto
this problemhave beenproposedwith varioustrade-offs
in preprocessing,level of approximation,choiceof oc-
cluders,anduseof temporalcoherence.We describea
point visibility algorithmwith near-linear preprocessing,
the �e xibility to be usedfor exact or approximatecalcu-
lations,no distinctionbetweenoccludersandoccludees,
and such that temporalcoherenceis 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
beextendedto incorporatethenotionof partialocclusion
and thus be usedas an accelerationtechniquein a 3-D
visibility algorithm.

2 Visible ZoneMaintenancein 2-D

We begin by consideringtheproblemof maintainingvis-
ibility from a moving observer in two dimensions. Let
S be a setof N non-overlappingconvex polygonsin the
planein generalposition,so that, for example,no three
objectssharea commontangentline. Let F be the free
spacesurroundingthepolygons;namely, thecomplement
of theunionof the interiorsof elementsof S. Let p bea
point (theobserver) that lies in F. Thevisibility polygon
V is thesetof pointsin F suchthatastraightline segment
from p to apointof V liesentirelywithin F. At any given
moment,themotionof theobserverp is assumedto bede-
scribedby apseudo-algebraicfunctionof constantdegree,
suchthatp remainsatall timesin F. Thefunctiondescrib-
ing themovementof p maybechanged(say, in response
to the movementof a mouse)as p moves. The problem
is to designanef�cient on-linealgorithmthatmaintainsa
list of theobjectsalongtheboundaryof V at all timesas
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p moves.This list will becalledthevisible set, andmay
includeanobjectmorethanonceif theobjectis visible in
two distinctplacesalongthevisibility polygon.

A radialsweepprovidesadirectmethodfor computing
thevisiblesetof anobserver in astaticscene.Thissweep
canbe usedto build a (radial) trapezoidalsubdivision of
theplanethatis exactlyanalogousto theclassic(vertical)
trapezoidalsubdivision (seeFigure1). A radial subdivi-
sion consistsof the polygonsof S togetherwith a setof
line segments,de�ned asfollows.

Let l bea line throughthepoint observer p that is also
tangentto apolygonP of S. A tangentsegmentof P is the
connectedportionof l incidentto P thatlies in freespace.
Eachof the framesof Figure1 shows a slightly different
radialsubdivision. Someof the tangentsegmentsextend
all thewayto theobserver p, while othersarenot incident
to p becausethereareoneor moreobjectsbetweenthe
tangentpointandp.

An incrementalchangein the combinatorialstructure
of theradialsubdivisionthatcomesaboutasaresultof ob-
servermotionis calledanelementarystep. In anelemen-
tary step,two neighboringtangentsegmentsbecomemo-
mentarilycoincident,andthenseparateagainwith differ-
ent incidentpolygons.Among kinetic algorithms,main-
taining a radial subdivision may be consideredstraight-
forward,sincetheupdatesaresimpleandtheequationsto
solve for theeventtimesarelinear in themotionof p. If
theradialsubdivision is maintained,ray queriesfrom the
observer canbe handledef�ciently , even if the ray must
reportthe�rst k objectsthatit intersects.

However, maintaininga radialsubdivisionmayrequire
many updatesfar from the observer, even if the visible
setdoesnot change.A generalizationof the radial sub-
division can be de�ned as follows. Considera tangent
segmentto representnot just onesegment,but a maximal
connectedsetof segmentstangentto a given objectand
incidentto two othergivenobjects.Thatis, a tangentseg-
mentt representsanequivalenceclassof all segmentsthat
canbeobtainedby slidingt alongtheboundaryof its tan-
gentobjectwithout becomingtangentto a secondobject.
Theelementarystepoperationis thenacombinatorialup-
datefor theseequivalenceclassesthatcanbeappliedeven
whenthereis no motion,so long astheboundaryof two
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suchequivalenceclassesincludesa commonelement.A
visible zoneis de�ned to be any setof tangentsegments
thatcanbeobtainedby applyingelementarystepsto a ra-
dial subdivision.

Although the datastructurefor a visible zoneappears
identical to that of a radial subdivision, the maintenance
of a visible zonemayrequirefar fewer updates(seeFig-
ure 2). As the observer moves,no elementarystepsare
requireduntil thevisible setchanges,sincetheincidence
relationshipsbetweentangentsegmentsandobjectsneed
not be affected by the observer motion. By delaying
changesto thevisiblezoneaslongaspossible,thekinetic
maintenancealgorithmavoidsmany updatesin regionsfar
from theobserver. However, this `lazy' evaluationresults
in a morecomplex updateprocedurewhenthe visibility
doeschange.

The updateprocedurefor maintaininga visible zone
consistsof recursively identifying elementarystepsthat
must be applied,and then applying them, as illustrated
in Figure3. As theobserver movesto the right, the tan-
gentsegmentCright turnscounter-clockwiseaboutits tan-
gentobjectC, until Cright becomestangentto theleft side
of A. At that moment,the combinatorialdescriptionof
Cright needsto change.In orderto makethischange,Cright
needsto undergo anelementarystepwith Alef t . In order
to bring Alef t into alignmentwith Cright , however, Alef t
mustbeturnedcounter-clockwiseby meansof elementary
stepswith Blef t andDright , respectively. The precisege-
ometriclocationsof Blef t andDright after theelementary
steparenot recordedin the combinatorialdescriptionof
eachtangentsegment.For illustrationpurposes,however,
we choosesomeanglethat is consistentwith thecombi-
natorial information,so that for exampleBlef t is shown
connectedto A, ratherthanC in thesecondframe. After
thesetwo elementarysteps,Alef t is in a position where
it canundergo an elementarystepwith Cright . Oncethe
elementarystepbetweenAlef t andCright is applied,the
observer can continuemoving to the right, and the tan-
gentsegmentsconnectedto theobserver correctlyre�ect
the list of visible objects. The variouselementarysteps
describedin this updatewould have occurredearlierif a
radial subdivision werebeingmaintained;the `lazy' ap-
proachof thevisiblezoneavoidedtheseelementarysteps
until they werenecessary.

3 Extensionsto the Visible ZoneAl-
gorithm

While two dimensionalalgorithmsarenot directly appli-
cableto many environmentsof interestin computergraph-
ics, the visible zone is a �e xible structurethat can be
adaptedto variousothersettings.For example,consider

a threedimensionalscenewherethe objectsall lie near
to a givengroundplane.A ray queryin thethreedimen-
sionalscene,viewedfrom above,appearssimilar to a ray
queryin the plane,exceptthat the ray may passthrough
theinterior of (theprojectionof) anobject.To accelerate
3-D ray queries,we usea two dimensionalquerystruc-
ture thatallows raysto passthroughobjects.Sucha ray
querycanbehandledby thevisible zoneby updatingthe
tangentsegmentsneartherayto line upwith theobserver,
andthusmimic theoperationof sucha queryin a radial
subdivision.

In orderto applythis exactvisibility algorithmto a set
of complex 3-D objectsliketrees(seeFigure4),werepre-
senteachobjectasapairof axis-alignedboxes.Theouter
boundingbox containsall the polygonsof the tree,and
the inner occluderbox approximatesthe areasof dense
foliage. Justaswith 2-D rays that passthroughobjects
accordingto somepredicate,we allow 3-D rays to pass
throughthe inneroccluderboxessubjectto anaggregate
occlusionfunction, thusmodelinggapsin the middle of
densefoliage. Finally, insteadof tracingindividual rays
to establishvisibility, we collect theeffect of ray bundles
in a radial sweepaboutthe observer that occurssimul-
taneouslyin the full 3-D spaceandthe projectedspace,
using information in the planeto speedup the top level
sweep.Weobtainperceptuallyaccuratevisibility at inter-
active frame-ratesin a denseforestscene.

Table1: Statisticsabouttheforestscene�ythrough.
Numberof objectsin scene 835,089
Totalpolygonsin scene 10,000,008,491
Avg objectsdrawn perframe 46
Avg visibility computationtime 5.3ms.perframe
Time to generateinitial zone 30 sec.
All measurementsweremadeon aPCwith 1.8GHz
Intel PentiumIV processorandNVidia GeForce3

graphics.
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Figure1: Theradial subdivision consistsof a setof segmentstangentto sceneobjectsandalignedwith theobserver.

Figure2: Thevisible zonepermitsfewerupdatesyet retainsthesegmentsincidentto theobserver.
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As theobserver moves,thetangent
segmenttC � right becomestangentto

A. In orderto performan
elementarystep,thesegment

tA� lef t mustberotated.

In orderto rotatetA� lef t , we
performanelementarystepon

tA� lef t andtB� lef t .

WecontinuerotatingtA� lef t , and
performanelementarystepon

tA� lef t andtD � right .

We are�nally ableto completethe
elementarystepontC � right and

tA� lef t . Thevisible setnow includes
theobjectD.

Figure3: A recursiveupdateto thevisiblezone.

Figure4: A framefrom a �ythrough of a forestsceneacceleratedusingvisible zonemaintenance.Thesceneconsists
of 835,089treeobjects,and10billion totalpolygons.For this frame,50 treesand1,887,714polygonswererendered.
Therenderingtimewas85ms.,while thetime devotedto visibility maintenancewas6 ms.
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