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Abstract. Thispaperdescribesanovel from-regionvisibility algorithm,theunique
propertiesof which allow conductingremotewalkthroughsin very largevirtual
environments,withoutpreprocessingandstoringprohibitiveamountsof visibility
information.Thealgorithmretainsits speedandaccuracy evenwhenappliedto
largeviewcells.This allows computingfrom-region visibility on-line,thuselim-
inating the needfor visibility preprocessing.The algorithm utilizes a geomet-
ric transform,representingvisibility in a two-dimensionalspace,the dual ray
space. Standardrenderinghardwareis thenusedfor rapidly performingvisibil-
ity computation.The algorithmis robust andeasyto implement,andcantrade
off betweenaccuracy andspeed.We report resultsfrom extensive experiments
thatwereconductedon a virtual environmentthataccuratelydepicts160square
kilometersof thecity of London.

1 Intr oduction

In a remotewalkthroughscenario,a large three-dimensionalvirtual environment is
storedon a server. The client performsan interactive walkthrough,via a remotenet-
work connection,with no a priori informationregardingtheenvironment.Theclient is
assumedto possessthecomputationalresourcesequivalentto thoseof apersonalwork-
station,not beingableto rendera signi�cant portion of theenvironmentin real time,
noreven�t it into its memory.

This scenariobringsabouttheneedfor selectivetransmission, thecrux of which is
thattheservermonitorstheclient's(virtual) locationduringthewalkthrough,andtrans-
mits the relevant portionsof the sceneto the client. A selective transmissionscheme
mustcarefullybalancebetweenthenecessityof notcausingerrorsor visualartifactson
theclient's side,andthedesirabilityof real-timeframerates.

To keeptheclient's frame-ratehigh, theserver hasto ensurethatthesetof objects
displayedby theclient is ascloseto thesetof visibleobjectsaspossible.Unfortunately,
the ideal situationin which the client alwaysrendersonly the visible objectsis com-
putationallyinfeasible.However, conservativevisibility algorithmscanbe employed,
which ensurethat the client rendersall the visible objects,aswell assomeoccluded
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Themodel Theresults

Fig.1. The resultsof the algorithm for a viewcell of size 50x50x2metersthat partly lies on
London's Oxford street.The algorithm hasdetectedthat the whole length of Oxford steetis
visible (blue)from theviewcell (green),andwasableto marktheimmediatelysurroundingareas
asoccluded(red).Thetall greenwireframebox is drawn in orderto marktheviewcell's location.
Resultsfor thisviewcell areshown in Figure6(a)aswell.

ones.Conservative visibility algorithmsthat perform well in practicehave beenthe
subjectof intensivestudyfor thepastdecade.

From-pointvisibility algorithms[5,12,14,29] are not suitablefor remotewalk-
throughs,sincethey necessitatetransmittingvisibility changesevery frame,giving rise
to unacceptablecommunicationlags,no matterhow fastthevisibility is computed.To
avoid the problemof lag, from-region visibility [4, 8,15,22,24,28] canbe used.The
ideabehindfrom-regionvisibility is to partitionthespaceinto a grid of viewcells.For
eachviewcell, thesetof objectsvisiblefrom atleastonepointinsidetheviewcell is con-
servatively estimated,yieldingaPotentiallyVisibleSet(PVS)thatis associatedwith the
viewcell.

While the client is in a certainviewcell, theserver transmitsthePVS of theadja-
centviewcells.This alleviateslag, sincethe client doesnot have to wait every frame
for updatesfrom theserver. Rather, thesetof objectsdisplayedby theclient changes
only whena viewcell boundaryis crossed.By thetime theclient leavesa viewcell, the
PVSof thenext viewcell hasalreadybeentransmitted,andthewalkthroughproceeds
smoothly.

Thisapproachdoesnotcomewithoutcost.SincethePVSof eachviewcell contains
informationaboutthevisibility of thewholescene(from thatviewcell), andthereis a
large numberof viewcells, the overall amountof visibility informationthat hasto be
storedon theserver is enormous.Althoughcompressionschemeshavebeendeveloped
speci�cally to tacklethis problem[11,26], it is still very relevant andprohibitive for
largescenessuchasurbanmodels.

The spaceproblemis exacerbatedby the fact that previous approachesto from-
region visibility computationareef�cient primarily whendealingwith relatively small
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viewcells (with the exception of [9, 24,25], which are dedicatedto in-doors walk-
throughs).This implies that largesceneshave to bepartitionedinto tensof thousands
of viewcells,thePotentiallyVisibleSetsof whichhave to becomputedandstored.

Anotherbothersomeaspectconcerningsmall viewcells is the fact that the time it
takestheclient to crossoneviewcell is short.If duringthattimetheservercannotcom-
pletethetransmissionof thevisibility changerequiredfor proceedinginto anadjacent
viewcell, visually disturbingerrorsoccur. This is essentiallythe sameproblemof lag
thatoccursif theserverusesfrom-pointvisibility computation.Notethatthedifference
in visibility from two adjacentviewcellscanbeverysigni�cant, evenif they aresmall.

In thispaper, weintroduceadifferentapproachto computingfrom-regionvisibility,
whicheliminatestheneedfor preprocessingandstoringprohibitiveamountsof visibil-
ity information,anddoesnot introducelag.Thespeedandaccuracy of our from-region
visibility algorithmare retainedfor very large viewcells. This allows utilizing from-
region visibility computationon-line.While the client traversesone(large) viewcell,
theserver computesthevisibility informationfor adjacentviewcells.Thespeedof the
algorithmallowscomputingandtransmittingthisvisibility informationbeforetheclient
reachesthenext viewcell, andits accuracy (seeFigure1) ensuresthatthePVSis small
enoughto bedisplayedby theclient in realtime.

Thenext sectionsurveyspreviousapproachesto from-regionvisibility computation,
andoutlinesthespeci�c propertiesof ourapproach.Section3 givesanoverview of our
algorithm,which is thendevelopedin Sections4 and5. Implementationdecisionsand
experimentalresultsarereportedin Section6, andweconcludein Section7.

2 From-regionvisibility

Detectingthe objectsthat are visible from at leastone point in a three-dimensional
viewcell is inherentlya non-linearfour-dimensionalproblem[7,23]. Exactsolutions
to thefrom-regionvisibility determinationproblemareconsideredimpractical.In fact,
no suchsolutionshave explicitly appearedin computergraphicsliterature,with the
exceptionof [7, 23]. Instead,researchershaveconcentratedonproviding practicalcon-
servativealgorithmsthatoverestimatethesetof visibleobjects.

For generalscenes,conservative methodswere introducedthat take into account
only theocclusionof individual largeconvex occluders[4,21]. It wasshown thatsuch
methodsare only effective if the viewcells are smaller than the occluders[18]. For
largeviewcells,occlusionmayariseoutof thecombinedcontributionof severalobjects.
Often, a “cluster” of small objectsoccludesa large portion of the scene,while the
individualocclusionof eachobjectis insigni�cant.

New techniqueshave recentlyemergedthat attemptto performocclusionfusion,
that is, captureocclusioncausedby groupsof objects[8, 15,22,28]. Durandet al. [8]
perform from-region visibility computationby placing projectionplanesbehindoc-
cluders,andprojectingobjectsonto theseplanes.Koltun et al. [15] “slice” the scene
andaggregateocclusioninsideeachslice to form largevirtual occluders.Schau�eret
al. [22] discretizethesceneinto a hierarchyof voxelsanddetermineocclusionby test-
ing the voxelsagainstthe umbraeof the occluders.Wonkaet al. [28] prove that after
the occludersareappropriately“shrunk”, samplingthe visibility at discretelocations
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on theboundaryof theviewcell providesa conservativeestimateof thevisibility from
theviewcell. Furtherdiscussionon theserecenttechniquescanbefoundin [3].

The from-region visibility algorithmpresentedin this paperutilizes a novel geo-
metric transformthat mapsrays in object-spaceto points in image-space.This alter-
native representationof visibility allows the problemto be conservatively discretized
andsolvedrapidly, usingstandardrenderinghardware.Theresolutionof thediscretiza-
tion canbeadjustedto tradeoff betweenaccuracy andspeed.Thealgorithmhasbeen
successfullyappliedto viewcells that aremuch larger than individual occluders(see
Figure6(b)). Its accuracy andspeedallow computingfrom-region visibility on-line,
eliminatingtheneedfor visibility preprocessing.It thusprovidesinherentsupportfor
dynamicremoval andadditionof objects.

3 Overview

Thealgorithmprocessesamodelthatis representedby ahierarchicalspacesubdivision;
weuseakd-tree.Eachnodeof thisspacesubdivisionis associatedwith anaxis-aligned
boundingbox, andwith the objectsthat are(perhapspartially) containedin this box.
Theboundingbox associatedwith a nodeis completelycontainedin theboundingbox
associatedwith thenode'sparent.

For agivenviewcell,ouralgorithmhierarchicallytraversesthissubdivisionin atop-
down fashion.For eachsubdivisionnode,thealgorithmdetermineswhetherthebound-
ing box of the nodeis visible from the viewcell. Whenan occludednodeis reached,
therecursionterminates,sincethechildrenof thatnodeareguaranteedto beoccluded.
This early terminationstrategy contributesto the speedof the algorithm,by allowing
largeportionsof thesceneto beculledafterjust onevisibility determinationquery.

Thecell-to-cellvisibility determinationalgorithmis thecoreof thesystem.Denote
theaxis-parallelboxescorrespondingto theviewcell andto somesubdivision nodeby

�

and � , respectively. Denotea collectionof occludingobjectsby � . The algorithm
determineswhether

�

and � aremutually visible among � .
�

and � aresaid to be
mutuallyvisible if thereexistsa line segmentwith oneend-pointin

�

andanotherin �

thatis disjoint from all objectsof � . Thecell-to-cellvisibility determinationalgorithm
operatesby �rst reducingtheproblemto planarvisibility determinationasdescribedin
Section4, andthensolvingthis planarproblemasdescribedin Section5.

Simplifying assumptions.Thereisnoknownrapidfrom-regionvisibility algorithm
thatis alsoexact.Thisdoesnotseemlikely to changedueto thefour-dimensionalnature
of theproblem,andthecomplex geometricstructureof visibility events[7]. Practical
conservativealgorithms[4,8,15,22,28] necessarilydiscretizeor simplify theproblem
in someway. Onecommonstrategy, whichis adoptedhereaswell, is to assumethatthe
inputscene(moreaccurately, thesetof occluders)is 2.5D[4,15,28].

Clearly, onecanconstructa scenein which this assumptionis too restrictive for
any signi�cant occlusionto bedetected.Suchascenemaybe,for example,a randomly
generated“soup” of longandslim triangles.Weconsidersuchscenesto beof relatively
little interestto thepracticalusesof thepresentedalgorithm.A commontypeof input
scenesfor walkthroughsystemsis urbanenvironments,wherethemostimportantoc-
cludersarebuildings, largepartsof which are2.5D dueto engineeringconstraints.In
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architecturalscenes,muchof theocclusionis alsocausedby 2.5Dobjects.Evenif avir-
tualenvironmentis notspeci�cally designedto modelacity, abuilding, or a landscape,
it is rareto comeacrossa commercialvirtual environmentthatis not largely2.5D.

Moreover, “good” occluderscanbesynthesizedfrom arbitraryinput objects.Syn-
thesisof large convex occluderswasstudiedby Andujar et al. [1], andsimilar tech-
niquescanbeappliedto synthesize2.5Doccluders.

In light of theabove,wedonot regardtreatmentof 2.5Dscenes(whichhasbecome
commonplace)asoverly restrictive.

4 Reduction to a planar problem

Thealgorithmhasto decidewhethertwo axis-parallelboxes
�

and � aremutuallyvis-
ible. Wenow show how thisproblemcanbereducedto planarvisibility determination.
We startwith asimpleobservation.Denotetheedgesboundingtheupperfaceof

�

( � )
by

���

(respectively, �

�

), for
�������	�

.

Observation 1
�

and � aremutuallyvisiblewith respectto � if andonly if
�
�

and ���

are mutuallyvisiblewith respectto � , for some
���	��
������

. In otherwords,
�

and �

aremutuallyvisibleif andonly if their upperrimsare.

Proof. It is obviousthat
�

and � arevisible if theirupperrimsare.Wethusconcentrate
on the“only if” part,statingthat if

�

and � aremutuallyvisible thentheir upperrims
also are.

�

and � are mutually visible if and only if thereis a visibility segment �

betweenthem. � is disjoint from � and hasone end-pointin the interior of
�

and
anotherin the interior of � . Considerthe semi-in�nite vertical “wall” de�ned as the
unionof upwardverticalraysoriginatingfrom � . Sincetheoccludersare2.5Dandare
disjoint from � , they arealsodisjoint from thiswall. Also, thewall mustcontainat least
onepointbelongingto theupperrim of

�

andanotherpointbelongingto theupperrim
of � . Sinceit is convex, it alsocontainsthesegmentconnectingthesetwo points.Thus,
thereexistsa segmentconnectingtheupperrims of

�

and � thatis disjoint from � . �

We now de�ne thetermshaft; thede�nition is illustratedin Figure2. Let � and �

bethetwo verticalplanesthatsupport
�

and � . Let ��� and ��� betwo parallelvertical
planesthatseparate

�

and � , suchthat ��� containsa faceof
�

and ��� containsa face
of � . Let � bea planethatcontainstwo parallelhorizontaledges,oneof

�

andoneof
� , andsupports

�

and � from above.(In general,therearetwo suchplanes.)Let � be
theplanethatsupports

�

and � from below. Theshaft
�

� is theareaboundedby � , � ,
�

� , �
� , � , and � . (Noticethatourde�nition of a shaftis differentfrom thatin [13].)

Observation1 implies that thereexistsa visibility ray between
�

and � insidethe
shaft

�

� only if thereexistsa visibility rayon the“ceiling” of
�

� . Moreprecisely, let
�

� denotethepoint �����
�

� � , andlet �

� denotethepoint �����
�

�!� . Similarly,
���"�

�
�!� is denotedby #

� , and �$�"�
�

�"� is denotedby #

� . Also, denoteby �&%

the collectionof intersectionsof the polygonsof � with � , which is a collectionof
segmentson � .

�

and � aremutually visible among� only if the segments '

�

�




�

�)(

and '�#

�




#

�*( , both lying on theplane � , aremutuallyvisible among�
% . We have thus

reducedtheproblemto planarvisibility determinationon � .
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Fig.2. Theconstructioninvolved in the reductionto a planarproblem.The shaft ��� is shown
®lled.

5 Planar visibility determination

Giventwo segments�

� and �

� in theplane,anda collectionof occludingsegments� ,
we wish to determinewhether�

� is visible from �

� . We �rst providea simpleanalytic
algorithmfor this problem,which is thenconvertedinto a rapidhardware-assistedone.

5.1 Exact analytic algorithm

We de�ne a boundedtwo-dimensionalspace,the dual ray space, suchthat every ray
originatingon �

� andintersecting�

� correspondsto apoint in thisspace.Ouralgorithm
“marks” all pointsin theray spacethatrepresentraysthatpassthroughoccludingseg-
ments.Visibility is thendetectedby checkingwhetherthereis at leastonepoint that
hasnotbeen“marked”.

Moreprecisely, parameterize�

� and �

� as 	 �

�

'�


(
���

�




� ���

and 	 �

�

'�


(
���

�




� ���

,
respectively. Let � � betheunit square	 '��


��

(����

�

�


�� � ���

, suchthata point '��


��

(

in � � correspondsto therayoriginatingat �

�

'��

( andpassingthrough �

�

'

�

( .
De�ne amapping�����

���

� � thatmapseachpoint  "!#�

�

to thecollectionof points
in � � thatcorrespondto rayspassingthrough . For any  �!$�

�

, � '% 

( is a line segment
in � � . For asegment&'!"� , parameterizedas 	(& '�


(
���

�




� ���

, ��'�&

( is de�ned to be
thecontinuouscollectionof segments	(��'�& '�


( (
���

�




� ���

. Thiscollectionis bounded
by thesegments��'�& '

� ( ( and � '�& '

�

( ( thatcorrespondto theend-pointsof & . In general,
it formseithera trapeze(Figure3(a))or a double-triangle(Figure3(b)),dependingon
whethertheline containing& intersectstheinterior of �

� or not.
This implies a simpleexact algorithmfor determiningwhether �

� is visible from
�

� : Mapeachsegment&'!"� to � � andcomputetheunionof theresultingtrapezesand
double-triangles(i.e. )+*(,�-.� '�&

( ). This computationcanbe performedin worst-case
optimal � '�/

�

( time without employing complex datastructures[6]. If �

� and �

� are
mutuallyvisible, thereis apoint  102!3� � thatis notcontainedin this union.Thepoint

 40 correspondsto avisibility ray (seeFigures3(c) and3(d)).
Thedualrayspacemapping� bearssimilaritiesto otherdualitytransforms,suchas

thestandardduality transformin computationalgeometry[6] andtheHoughtransform,
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Fig.3. Simplescenes(top) andtheir dual ray space(bottom).In this ®gure,eachtrapezein the
ray spacehasthe color of the segmentit correspondsto. (a) and (b) eachshow an occluding
segment.�

� is occludedfrom �

� in (c) andis visible in (d); theblackpoint in therayspaceof (d)
correspondsto thedashedvisibility ray.

which is usedfor line detectionin imageanalysis[16]. However, the dual ray space
is a boundedregion (as opposedto the in�nite dual planesof the above-mentioned
transforms)that canbe ef�ciently discretized.This is a crucial advantagethat served
asthe main motivation for the currentde�nition of the dual ray space.In this sense,
thedualray spaceis similar to thelumigraph[10] andthelight �eld [17]. (Noticethat
Gortler et al. [10] also usethe term “ray space”.)In the context of relatedwork in
computationalgeometry, our exactalgorithmcorrespondsto local computationof one
faceof thevisibility complex [20]. Thevisibility complex hasbeenpreviously applied
to ray-tracing[2] andradiosity[19].

5.2 Hardware-acceleratedalgorithm

We wish to determinewhether)
*(,�- � '�&

( coverstheunit square� � . This canbeac-
complishedconservatively by discretizing � � into a bitmapand renderingall ��'�&

(

onto this bitmap using graphicshardware.All � '�&

( are drawn in white, without z-
buffering or shading,ontoan initially blackbackground.If a blackpixel remains,the
segments�

� and �

� arereportedto bemutuallyvisible.Thisalgorithmavoidsthecom-
plex analyticcomputationof theunionandalleviatesrobustnessproblemscommonin
geometricalgorithms.

The default behavior of OpenGLis to color a pixel if its centeris insidea drawn
polygon.This maycauseinaccuracy, sinceour algorithmis conservativeprovidedthat
only thepixelsthatarecompletelycoveredby ) *(,�- ��'�&

( arecoloredwhite. This be-
havior is ensuredby “shrinking” the double-trianglesandtrapezesprior to rendering.
Their edgesaremoved inward by

� �

� , where � is half the pixel size(seeFigure4).
The centerof a pixel is inside � '�&

( after shrinking,only if the pixel wascompletely
coveredby it prior to shrinking[27].
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Fig.4. The greenpixels areproperlycontainedin
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(shown solid). The yellow pixels areonly partially coveredby
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�

, but their centersarecontainedin
�	��

�

; shrinkingpreventsthemfrom beingcolored.

The processof checkingwhetherthereareany black pixels left after renderingis
acceleratedusing the OpenGLminmax operation,part of the OpenGL1.2 standard.
Theminmaxoperationallowsa quickdeterminationof theminimal (or maximal)pixel
color in the framebuffer. It can thereforebe usedfor decidingwhetherthe buffer is
fully whiteor containsa blackpixel.

Theimage-spacenatureof thedescribedalgorithmallowsit to beappliedhierarchi-
cally, in amannersimilar to [29]. We canusea low-resolutionbitmapto represent� � ,
andrapidly renderall � '�&

( onto it. If theresultingbitmapis not fully white, a bitmap
of higherresolutionis usedto re�ne thetest,yieldinga lessconservativePVS.

6 Results

Thealgorithmsdescribedin this paperwereimplemented,andtestedonanIBM A20p
laptopwith a 750MhzPentiumIII CPUandanATI RageMobility graphicscard.The
exact planarvisibility algorithm(Section5.1) wasalso implemented,for the sake of
comparison.Our testmodelaccuratelydepicts160sq.km. of London.It wascreated
usingaerialphotographs,andcomprises1.7million polygons.

Onegoal of our experimentswasto determinean effective resolutionfor the dis-
cretizationof thedualray space.Thereis a cleartrade-off involved.Higherresolution
yieldsa lessconservativePVS,at thecostof computationspeed.Anothergoalwasde-
termininganeffectiveviewcell size.Smallviewcellsinducelag,but prohibitively large
portionsof thescenearevisible from viewcellsthataretoo large.

We have testedthealgorithmwith viewcellsof sizesrangingfrom 50x50metersto
300x300meters,andwith discretizationresolutionsrangingfrom 16x16to 256x256.
All theviewcellswere2 metershigh. Theaveragetime to computethePVSis shown
in Table1, for a sampleof viewcell sizesanddiscretizationresolutions.Table1 also
showstheimpactof thediscretizationresolutionontheoverestimationof thePVS.The
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Resolution Time (sec.) Overestimation (%)
Viewcell Size Viewcell Size

50x50100x100300x30050x50100x100300x300
16x16 0.4 0.5 1.8 0.391 0.518 1.192
32x32 0.6 0.7 2.7 0.335 0.436 0.901
64x64 0.9 1.1 4.1 0.185 0.240 0.533

128x128 2.1 2.5 7.8 0.012 0.026 0.106
256x256 6.6 7.9 24 0.001 0.005 0.019

Table 1. Theeffect of thediscretizationresolutionon thespeedandoverestimationof thealgo-
rithm.

overestimationis givenby
���������

� � �

�

�����




where
�

�

is the sizeof the occludedareas,ascomputedusingthe exact planaralgo-
rithm, and

�
�

is the sizeof the occludedareas,ascomputedusing the conservative
planaralgorithm.Oneof theadvantagesof this measureis its independencefrom the
depthcomplexity of themodel.

Table1 showsthatthespeedof thealgorithmdirectlydependson thediscretization
resolution.Hence,usingbettergraphicshardwarecanfurther acceleratethe visibility
computation.This indicatesthatwehavemadethefrom-regionvisibility determination
problemhardwareintensive.

Basedonour experiments,we havechosento work with viewcellsof size100x100
metersanddiscretizationresolutionof 128x128.ThePVSof a100x100viewcell in the
Londonmodelconsistsof on average8K polygons(0.5%of the model).This means
thata clientusingapersonalworkstationcanrenderthePVSin realtime.

Beforethewalkthroughbegins,theservercomputesandsendsthePVSof theinitial
viewcell andtheeightviewcellsadjacentto it. During thewalkthrough,theserver en-
suresthat theclient receivesthePVSof a viewcell beforereachingit. Sincetheserver
doesnot know in advancewhich viewcell the client will enternext, this necessitates
computingandtransmittingthe PVS of up to � ve adjacentviewcells while the client
traversesasingleviewcell, asshown in Figure5. Assumingaveragewalkthroughspeed
of 6km/h,suchcomputationtakes12.5secondson average(Table1), which leaves47
secondsfor transmittingthe� vevisibility changesto theclient,consideringthefactthat
crossingasingle100x100viewcell at this speedtakesaboutoneminute.

Evenin thecaseof aslow network connection,thisclearlyshowsthatremotewalk-
throughscanbeconductedunhinderedby network lag.Thelargesizeof theviewcells
givestheserverenoughtimeto computeandtransmitthevisibility information.Theal-
gorithm'sspeedallowsperformingvisibility computationon-line.Finally, theaccuracy
of thealgorithmensuresthat thePVSis small enoughto bedisplayedby theclient in
realtime.
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B C

A

Fig.5.A client'spathin themodelisshown in red.Whentheclientcommencesthewalkthrough
atviewcell




, it hasthePVSof



andthegreenviewcells.Upontheclient'sarrival atviewcell
�

, theserver startscomputingthePVSof theblueviewcells.Experimentsshow thattheclient
will receive the PVS of all the blue viewcells beforereachingany one of them. In similar
fashion,theserver ensuresthroughoutthewalkthroughthattheclient never reachesa viewcell
beforeits PVSis receivedby theclient.

7 Conclusion

We have presenteda novel from-regionvisibility algorithm.Its centralideais analter-
nativerepresentationof visibility in thedual rayspace, whichallowsutilizing standard
renderinghardwarefor visibility determination.Thealgorithmis simpleto implement,
is robustdueto working primarily in image-space,andcantradeoff betweenaccuracy
andspeed.It wasshown to beef�cient evenwhenappliedto largeviewcells.This al-
lows remotewalkthroughsto beconductedwithout preprocessingandstoringapriori
visibility information.
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(a) A viewcell of size50x50x2

(b) A viewcell of size300x300x2

Fig.6. Resultsof two experiments.Overviews of 25 squarekilometersof the London model
areshown, with outlinesof thebuildings in white. Thealgorithmhasclassi®edtheredareasas
occludedfrom thegreenviewcell, which is 50x50x2meterslargein (a),and300x300x2meters
largein (b). Discretizationresolutionof 128x128wasused.


