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Figure 1: Anexampleof dynamiclabelingfor a comple scene Seeaccompanyingideofor betterdemonstation.

Abstract

Thiswork presents novel approachor dynamicallyrenderingan-
notationsattachedo a 3D scene.We formulatethe problemasa
generabptimizationunderconstraintsaccountindor certaindesir
ableproperties.To approximatelysolve the NP-hardoptimization
problemin real-time,we present particularheuristicthatgreedily
placeslabelswhile maintainingconstraints. Typical greedylabel
placementalgorithmsdo not pay particularattentionto the order
of placementnd, asa result, suffer from the fundamentalimita-
tion thatsuccessie labelsget progressiely moredif cult to place.
We usealgorithmicandmathematicatoolsthatcompensatéor the
dravbackof typical greedyapproacheslin addition,they arewell
suitedfor GPU implementationbecausehey are completelyim-
agebased.As aresult,we canplacetensof labelsin real-time,as
demonstrate¢h this paper
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1 Introduction

One striking characteristicof humansis the ability to communi-
caterich andcomple information. We have inventedseveral ab-
stractionsto communicatecomplex information simply— writing

anddrawing beingnaturalexamples. It is impressie indeed,that
mary tools available for expressinginformation today were, at
best,works of sciencection decadesgo. As Hanrahar{Hanra-
han2005] pointedout at his keynotespeectat Eurographic2005,
charts,pictorial graphs,diagrams,and spreadsheetsre examples
of suchtools.

The challengewhencreatingrepresentationfor communicatioris
that of abstraction and expressivenessWhile the former enables
simplicity in communicatiorby accountingfor contet, the latter
allows emphasisof certainideasover others. The sheerbulk of
datathatis availablefrom morerecentinventionssuchastheinter
nethave posedyet anotherchallenge.Classi cation, organization,
indexes, commentsand annotationare essentiakelementsof pre-
sentingwhatwould otherwisebe merelyraw data,asinformation.

Of the mary recenttoolsfor effective communicationpur interest
liesin 3D representationsExpressingnformationthrough3D vi-

sualizationhasbecomepopularfor a wide gamutof applications
rangingfrom entertainmeng¢video gamese.g. World Of Warcratft,
Quale, etc) to seriousapplications(geolocalizationyirtual tours,
cartograpll, medicalvisualization,etc). In addition,3D graphical
communicatiorhascreateda newv form of socialinteraction(e.g.
Second.ife). However, in mostof theseapplicationsthe 3D visu-

alizationaloneis generallyinsufcient to effectively andcompre-
hensvely convey theinformation. While the 3D representatioiis

usefulfor presentinga view andhelpsimmersionandlocalization



it is oftenoverwhelmingin termsof theamountof informationcon-
veyed. A key aspecin thiscommunicatiorwith 3D representations
is labeling,or visibly attachingtext thatprovidesmoreinformation
aboutcertainregions. Labelinghasbeena standardool thaten-
ablesattachinginformation and also draving attentionto certain
regions. (e.qg. life pointsof otherplayersin WoW, nameof avatars
in Second.ife, descriptiorof shopsn GoogleMapsandindicating
organdimensionsn medicalapplications).

Figure 2: World of Warcraft usesworld-placedbillboardsto over-
lay labelsontoa 3D view, which cause<luttering whentoo many
objectsare closein screenspacec .

While labelinghasbeenextensively usedin 2D illustration,it is in-
deedchallengingto extend and automatethe labeling processfor
imagesof 3D representationgrigure 2 shavs atypically cluttered
view in WoW wherethetext indicationsenormoushsimplify quick
comprehensionln this paper we tacklethe problemof displaying
suchinformation more optimally, which relatesto labeling asre-
viewedin Section2.

The key point hereis that the viewpoint is “inside” the scene. A
consequencef beingimmerseds thatlabelplacemenposeanore
challengeghanwhenlabelshave to be layedout “around” an an-
notatedobject,astypically the casein mostexisting work.

Ratherthanto produceaestethidi.e closeto what talentedillus-
tratorscando) layoutsfor particularsview, our goalis to guarantee
thatall annotationselevantfor thecurrentviewpointareadequately
presentedo the user while attemptingto minimize interferance
with the 3D experienceof scenenavigation. In particular we pay
attentionto enforcetemporalcoherence.

2 Related Work

This work is mainly relatedto the one of maplabeling whereal-
gorithmstry to placeannotationsaroundpoints, lines or regions.
Finding an optimal solutionto this problemhasbeenprovento be
NP-hardMarks andShieberl991]. Themaplabelingproblemhas
beenextensiely studiedin thestatic2D case A goodsuney of the
mostefcient solutionscanbe foundin [Christenseret al. 1995].
Recently [Daiches2006] adressedhe problemof zoomingin the
mapwith consistentabeling.

Externallabelingis introducedby [FeketeandPlaisantl999]asan
alternatve to internallabelingfor densesetsof points. Labelsare
placedon the borderof a circle containinganchorpoints. Their
algorithmis limited to the 2D case. A goodformalizationof the
static2D caseis foundin [Bekosetal. 2005]. Labelsarepositioned

aroundanaxis-alignecboundingbox, andthelengthof leaderlines
is minimized. The major limitation is that labelsneedto have a
commonsize.In [Vollick etal. 2007]the problemis castasa min-
imization of an enegy function. The motivation wasto capture
style from a userspeci ed example, and reuseit to generatda-
belson novel inputs. They usesimulatedannealingfor resolution,
which needsa few minutes,andthe approachis consequentlyion
interactve.

An early mentionof 3D externallabelingis foundin [Preimetal.
1997] wherethe authorspresentan algorithmfor coherenzoom-
ing. Additionaly, [Strothotte1998] explain the problemof tempo-
ral coherenceandshowv two simple caseswvherethereis no solu-
tion to prevent poppingfor a rotation. In [Bell et al. 2001}, au-
thorspresentan algorithmfor real-time3D label placemenusing
aview-managemernstratey introducedn [Bell andFeiner2000].
The sceneis approximatedy a setof boundingboxes,andlabels
areinteratiely placedin thenearesemptyrectangle They alsoin-
troducehysteresiso minimize temporaldiscontinuity [Hartmann
et al. 2004] modelthe problemusing potential elds. Labelsare
positionnedby diffusion of an enepgy, startingfrom the middle of
the scene. However, this algorithm doesnot manageall the con-
straints,andin particular cannotpreventleaderinesintersections.
They solveit by permutatiorof labels,whichis notalwaysvalid for
labelsof differentsizes.[Ali etal. 2005]presenta e xible pipeline
including differentstyle. They arealsolimited to singleline text
andthey don't manageobjectswith holes. Finally, [Gotzelmann
etal. 2007] presenta solutionfor animated3D models. The main
restrictionis thatthey needto analyzethe entireanimation,soit is
notapplicableto interactive navigation.

3 Problem formulation

We startwith a 3D scenewith pointsof interestaggedwith seman-
tic information. The usernavigatesthe sceneandthe information
is renderecbverlayedon the 2D view. As anexample,imaginea
virtual modelof a museungallery exposingstatues.The pedestal
of eachstatueis taggedwith its name,andthe nameof the artist
thatcommittedit. On the \ienusde Milo, the shouldersaretagged
with an explanationon why the armsaremissing. On the David's
head,a tagindicatesthat proportionsare not anatomicallycorrect,
but chosersothatthey appearcorrectwhenseerfrom groundlevel.
Whentheuserenterghegallery, all statuesrevisible,andonly the
namesareshovn. Whenshemovescloserto onestatuetherelated
informationappeargradually This examplescenariois whatwe
calldynamidabeling Theterm“label” isambiguouslt refersboth
to the semantidnformation (e.g. the text explaining what a point
of interestindicates)andto the renderingof thatinformation(e.g.
themarksthatareoverlayedonthe 2D view to displaythetext with
aparticularfont andalignment).Let's rst clarify theterminology
we use.

We call label the semantidnformationattachedo a point of inter-
est,which is calledthe label's anchor. The anchoris a 3D point
in the scene.The semantidnformationmustcontaina displayable
content but it canalsocontainotherinformationsuchasa cateory
id, animportancegtc. For a givenview of the scenealabel's an-
chorprojectsto a given2D positionthatwe call anchor point The
labelis renderednsidea 2D axis-alignedbox thatwe call thelabel
box The positionandsizeof this box is whatis to be determined
by our system.However, the aspectatio of theboxis x edby the
content. We do not considerdynamicallylayed out contentsuch
as[Jacobset al. 2004]. We insteadassumehe contentis given as
an‘“‘image” of givenproportionsby theuser Consequentlythesize
of a label box canonly controlledby a scalefactor Finally, we
call leaderline theline thatconnectghe anchomointto the center
of the label box. Figure3 summarizeghe terminology We will



alsousethe following notations,whereuppercasendicatesinput
valueswhile lowercaseindicatesoutputvalues,to be computed:

Ai = Xi;Y; 2D coordinate®f anchorpointi

di = W;;H; width andheightof labelcontent

ai = Xi;Vi 2D coordinate®f the centerof labelboxi
[ai;Ai] Leaderine of labeli

Si scalefactorappliedto label content; the label
boxhas2D dimensions;W;  siH;
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Figure 3: Terminola@y usedin dynamiclabeling

Theproblemis thusasfollows. Givenasetof n labels'contentand
associateénchorpoints,how to bestoverlay labelboxesontothe

sceneview. For that,we mustde ne what“best” meansWe choose
thefollowing criteria. Labelboxesmustnotintersecteachother or

someinformationwould not be visible. Leaderlines mustneither
intersectotherleaderlines nor label boxes, or the anchor/labele-

lationwould notbeimmediatelyperceved. Thelabelboxesshould
not hinderthe navigation: they shouldhide aslessas possibleof

the 3D scene,and they should move coherentlyover time. The
anchor/laberelation shouldbe as direct as possible: leaderlines
shouldnot be too long, so thatthe anchorpoint andthe label box

arevisually closed;andleaderlines shouldbe orientedalongpriv-

iledgeddirections.Finally, thelabelboxesscaleshouldbeasclose
to 1 aspossible.

Thetwo rst criteriaarehardconstraint§“must”). Thelastonesare
recommendationgshould”). Consequentlywve modeltheproblem
asanminimizationunderconstraints We searchover the spaceof
all possiblef Xi;yi; Sigi=1 ::n Suchthat:

8i6j [a;A]\ [a;A[]=fg 1)
B(ai;sidi)\ [a;A;]= fg 3
B(ai;sidi)\ B(a;sdj)=fg )

whereB is anaxis-aligned2D rectanglespeci ed by its centerand
its diagonalvector We minimizeanenegy function:

X
E(fxi;yi;sig) = jaiAij (4)

Xi

+ jl Sij
Xi

+ jcos ij+ jsin ij
X 22

+ f (x)dx

i B(ajsidj)

wheref is a positive real function de ned (in imagespace)over
the currentview, andwhoserole is explainedin a moment. The

rst term controlsthe lengthof leaderlines. The secondcontrols

thatthe labelsarenot scaledto 0. Thethird termis usedto favor

leadelinesthatarehorizontalor vertical, ; beingtheanglethatthe

leaderline i doeswith the horizontalaxis. The fourth termis used
to mesurehow muchthelabelsoccludeshe 3D sceneunderneath.
The function f is called occupancyfunction andis obtainedas

follow. Eachsurfacein the scenes attachedh userspeci ed scalar
valuein [0; 1] that indicateshow importantit is that this surface

be not occludedby labels. For example,we would put 0 on walls,

and 1 on objects. This importancevalue can be view-dependent,
for exampledecreasingvith the depthvalue of pixels. We render
aview of the scenefrom the currentviewpoint usingthis valueas

surfacess colors. Theresultingimagegivesf . By integratingthe

valueof f overthelabelboxes,we have ameasuref how thescene
is occludedby labels.By usingthisin the enegy function,instead
of addingit asa constraintwe allow the algorithmto placelabels

that hide somepartsof the scenewhenit is not possibleto nd a

betterplacement. Yet, it will strive to occludepartsthat areless

important rst.

4 An Extended Greedy Algorithm

Minimizing eq.(4)underconstraint®q.(1-3)is acomple task(NP-
hard)thatcannotcurrentlybedonein realtime. Our approachis to
solweit greedily For eachlabelwhoseanchormointis visible in the
currentview, we choosg(Xxi ; yi; Si) sothatthecontributionto E is
minimum, andsothatthe constraintarerespectedThis approach
doesnot yield the exact minimum, becausehe orderingof labels
matters.Moreover, this approachhasin principal two dravbacks.
First, evenif we reducethe dimensionof the searctspacefrom 3n
to 3, it is still alarge spaceto explore. Second.ascommonwith
greedyalgorithm,if we do notorderlabelsadequatelywe mayend
upwith thelastlabelshighly increasings , or worst,beingimpossi-
ble to placewithout violating the constraintsyhich would require
backtrackinghe previously placedabels.Figure4-top/rightshavs
sucha poorplacementWe addresshesetwo problemsasfollows.

We reducethe searchspaceby remaving s; from theminimization.
We simply x the scaleof labelboxi basedon the distanceto the
obserer. Thisis avery crudesimpli cation of our generaformu-

lation, andthe reademay arguethatwe shouldhave omittedit in

the rst place.Yet, we believe thatadjustingthe scalegivesalot of

e xibility to nd anideallabelplacementHencea generaformu-

lation shouldincludeit, evenif the solutionpresentedn this paper
cannotyet take it into account. Indeed,reducingthe dimension
of the searchspaceto 2 is the key to interactvity. This allows to

usethe GPUto very ef ciently evaluatethe costof eachcandidate
(xi; Vi), andthenretrieve the minimum throughmatrix reduction,
asshavnin Section5.

Further we carefully chosethe orderingof labelsso thatwe rst
placethosethatarea priori hard,leaving the easiesbnesfor the
end. Hopefully, andwe obsenre it in practice,this shouldhelpto
alleviate the inherentdravbackof the greedyapproachmentioned
above. Intuitively, the hardestabelsarethosefor which thereare
few candidategx; y) thatmeetthe constraintspr only candidates
for which the contritution to E would be high. We identify two
situationsthatgeneratesuchlabels. The rst situationis whenthe
anchorpointis surroundedy otheranchorpoints. If we placethe
outerlabels rst, therewill be no roomleft for theinnerone. The
secondsituationis whentheanchormointis “deepinside” anoccu-
piedregion, thatis, the closestpoint x for which f (x) is smallis
notthatclose.In otherwords,theleaderline will belong.



Figure 4: (left) Exampleof Apolloniusdiagram. Notethat bound-
ariesof thecellsare curved.(right) resultof greedyplacementvith
randomordering of labels(top) and our ordering (bottom).

4.1 Ordering the labels

Hereis away we could solve the rst problemalone.We compute
a Voronoi diagramof the anchorpoints. We then“peel” layersof
anchorpointsfrom the “outside” to the “inside”. More mathemat-
ically, we take all unboundedtells of the diagram.By propertyof
Voronoi, eachsuchcell hasexactly two adjacentunboundectells.
Thisyieldsacircularorderingof thecells. We pushthecorrespond-
ing anchomointsin thatorderin aLIFO queue Wethenrecompute
the Voronoidiagramof the remaininganchorpointsandrepeathe
procesauntil noanchomointis left. Poppingthe queuewould now
traversethe labelsfrom the most surroundecneto the lesssur
roundedone.

Hereis now away to solve thesecondoroblemalone.Startingwith
the functionf , we computea distanceeld. Thatis, for eachx,
we nd the distanceto the closestpixel at which f is 0. Sucha
distanceeld canbecomputedreryefciently on GPUasshavnin
Section5. We now evaluatethe distanceeld at eachanchorpoint
andsortin decreasingrder

The two solutionsabove yield differentorderingsand have com-
plementaryadvantagesand drawvbacks. Consequentlywe needa
way to someha meige theminto one. Our solutionis to usethe
peelingalgorithmdescribedbove, but with anApolloniusdiagram
alsoknown asAdditivelyweightedvoronoidiagram [Karavelasand
Yvinec 2002]. The Apollonius diagramof a setof site pointsc;
with weightw; is asubdvision of theplaneinto connectedegions,
calledcells associatedvith the sites. As for Voronoidiagram,the
cell of a site (¢i; wi) is the locusof pointson the planethat are
closerto ¢ thanary otherc; . But thistime, thedistanceof a point
x in theplaneto asitec; isde nedasjx ¢jj w;. Inotherwords,
within acell, themostimportantpointaroundis theassociatedite.
Theweightfor eachpointis setto thevalueof thedistancedunction.
In otherwords,eachanchorpointis "considered’a disctangento
theclosessilouhetteandwe computeheVoronoidiagramof these
discs.Figure4-left shavs suchadiagramandtheresultingordering
of anchomoints.

4.2 Evaluating contrib ution

Now thatthe anchorpointsare ordered we traversethemandfor
eachlabeli, we considerall possiblelocations(x; y) for the label
box (thereis a nite numberof pixelsin animagesowe canenu-
meratetheselocations). At eachlocation,we testif the label box
canbe placedtherewithout violating the constraints.This canbe

donein one operationusing morphologicaloperatorsas now de-
scribed. We traverseall previously placedlabelsj . For each,we
computethe shadav region of thelabelbox andleaderlinej for
a point light sourceat anchorpointi. This gives us the location
wheretherewould be intersectiorbetweerthe leaderline of label
i andotherlabels. We thenperforma dilatationby the size of the
label box i, which is straighforvard knowing the verticesof the
shadev region. We nally renderall theseregionsin an offscreen
texture asa binary image. The resultingbinary image containsO
wherewe canplacelabelbox i without violating constraintsand
1 elsevhere. Figure5 illustratesthe process. Thereare two im-
portantpoints here. First, the constraintcheckinginformationis
available as a texture. Second,the use of dilation allows to test
validity usingonetexture lookup. Both propertiesallows to inte-
gratethe constrainttestinggracefullyinto a GPU implementation
basedon matrix reductionasdescribedn Section5. Oncethis is
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Figure 5: Testingconstaints againstalreadyplacedlabelsusing
morpholaical dilatation.

checled, we evaluatethe contrikution to E thatwould resultfrom
placingthelabelboxthere.Oneinterestingaspecbf thisapproach,
besidesnakingthetestatomic,is thatwe canpreventlabelboxesto
betoo closefrom eachotherby dilating by a larger rectanglethan
theactuallabelbox.

Looking at eq. (4), we seethat we have to computean integral
with the scene,which is potentially costly To do it efciently,
we computea Summedirea Table (SAT) of the scene. SAT has
beenoriginally introducedby [Crow 1984]asanalternatve to mip-
mappingfor texture ltering. It allowsto computetheintegralonan
axis-alignedboxeswith only four arithmeticoperations.Recently
[Hensle etal. 2005]haspresented fastalgorithmto computeSAT
onthe GPU.Onceagnin, if we wanta “band” betweerobjectssil-
houettesandlabelboxes,we canintegrateon enlageddomains.

4.3 Managing temporal contin uity

As mentionedearlier we want the displayedlabel not to hinder
the navigation experience. The usershould not be distractedby
poppingor fast-maing labels. Intuitively, the labelbox placement
shouldbe continuousthatis, if theuserchangeslightly the view-
point, the label box shouldbe only slightly translated. The algo-
rithm we just describeddoesnot accountfor temporalcoherence,
becausehe optimisationonly involvesthe currentviewpoint. To
addresshis, we addan extra termto the costfunction, that penal-
izesalabel's positionthatwould betoofarfromthelabel's previous
position. This favors continuitywheneer a solutionexists.



Unfortunately thereare caseswherecontinuity is not achievable.
As shown in [Strothotte1998], therearediscontinuitiesnherentto
theproblem.Figure6 shavs anotherxample.

Figure 6: Placemenbf labels can not be continuous. The three
imagesabove showghreeconsecutiveriews (zoomingout, thenro-
tating) of a toruswith onelabelattached.n the r stview, thelabel
mustbe placedinsidethe torus. In the last view, it cannot. Thee
will necessarpea timewhenthelabelneedgo be“teleported”

To addresghis problem,we interpolatebetweenthe previous po-

sition of a labelbox, andits next position. Thatis, eachlabel box

continuouslytries to reachthe positionit hasbeenplacedtoo, but

its velocity is boundedandit mayneedseveralframesto reachthis

position. Fundamentallythe problemis not solved andthe labelis

actually“teleported”, but the process'smoothesthe teleportation
to avoid visual discontinuity It senesonly asa lastresort,when

thecon gurationhasno continuoussolution.

Anothersourceof discontinuitiescomesfrom the treatmentof in-

visible anchormpoints.As mentionedn rst paragraplof Sectiond,

we only placelabelsfor thoseanchorpointsthat arevisible. But
what happensvhenthe visibility of an anchorpoint changesfor

examplefrom visible to hidden? At the very momentbeforethe
anchomoint becomesidden,thelabelboxit still completelyvisi-

ble. If placementvere continuousat the momentafterthe anchor
pointbecomesidden thelabelboxwouldbestill largelyvisible. If

we simply remove the labelwhenthe anchorsbecomesidden,we
will have a visual discontinuitybecausahe anchorpoint is punc-
tual (with a null area)while the label box is not. This problem
is well knowvn in NPR whenattachingstrokesto seedpointson a
mesh[\anderhagheetal. 2007].

Our solution to that problemis to make the point non-punctual.
Thatis, we testthe visibility of a small 3D spherearoundthe an-
chor point. Using occlusionqueries,we cancounthow much of
this sphereis visible, andwe usethatto blendthe label box with
thebackgroundIn otherwords,we nolongerhave a binaryvisibil-
ity statusput acontinuouslyaryingone.This hastheextrabene t
of avoiding the precisionissuethat would occurwhentestingthe
visibility of a singlepoint. The dravback,however, is thatin cer
tain situations,suchasan anchorseenthroughfencingor through
folliage, the label will sort of "blink” with alternatefade-inand
fade-out.

5 Implementation and Results

Previous sectiondescribedur approachandits motivation. In this
sectionwe provide thedetailsof implementationandin particular
how well our approachmapsto the GPU.The stepsare:

1. Rendemccupang function

2. Computea SummedAreaTableanddistanceransformon it
3. Computeorderwith Apolloniusgraph

4. For eachlabelin thatorder

(a) Traverseall pixelsin image

(b) If labelbox cannotbe placedat that pixel, skip to next
pixel, otherwiseevaluatethe contritution if label box
wasplacedat this pixel

(c) Findthepixel with minimumcontritution usingmatrix
reduction.

All thesecomputationsare performedon the GPU, typically ren-
deringa full screenquadwith a speci c fragmentshaderin order
to transforman offscreentextureto anotheroffscreentexture.

Thekey pointis thatthereis very limited transferto the CPU. In-

deed,we never needto transferbackthe whole offscreentextures.
We computeSummedAreaTableandDistanceTransformwith the
samesinglefragmentshadewusingajump ooding algorithm[Rong
andTan2006]. Step3 requiresthe distanceeld only attheanchor
points. Step4-b canperformall the constraintestsandcostfunc-
tion evaluationwithin thefragmentshadebecaus&AT anddilated
maskmake thoseatomic operations.Finally, step4-c is doneus-
ing matrix reduction,which requiresonly log n passesvheren is

thedimensiorof the offscreentextures,anda nal readbaclof one
pixel (which containsin the R channelthe minimum function,and
in the GB channelghe coordinatesit which it occurs).

Another keypoint is that the offscreentexture resolutionis com-
pletely decorellatedrom the resolutionof the obserer's window.
Its size only in uences the numberof (x; y) samplesconsidered
to placethelabelboxes. Sincethe costof our algorithmis directly
proportionako theresolution(through Il rateandmatrixreduction
passes)we canscalethe quality to the power of the graphiccards.
Note however thattoo smalla resolutionwill causeick eringdur-
ing the navigation.

We implementedthis approachusing non-optimizedC++ and
OpenGLcode.Ourtestswereranona GeForce7800,usinganoff-
screerresolutionof 512 512 We areableto interactvely place
upto 20labelsat 30Hz (but thescenatself cancontainanuchmore
labels,if notall of themhave visible anchorpoints). Note thatthe
numberof polygonsin the 3D scenés notrelevantfor performance
measurementdndeed,we needto renderthe sceneonceto obtain
theoccupang function. Every subsequergtepis entirelyin image
spaceand no longer dependsn the geometriccompleity of the
sceneput only ontheoffscreerresolutionchosen.

The usercan control globally the weighting coefcients  ;:::;
of eq.(4). In the future, the valuesof thosecoefcients could be
speci ed perlabel. This would allow to force certainlabelsto be
vertical/horizontal while letting otherfree. The usercanalsotag
the surfaceswith animportancevalue.In our demoswe have sim-
ply split the scenein two les, onewith objectsof importance0
(typically walls) and one with objectsof importancel (typically
furniture). Figure7 shavs someresults. The accompaying video
shavs how our algorithmbehaesdynamically

Ourapproacldoeshave limitations. Themainoneis inherento the
greedyapproachThelastlabelsmaybeplacedvery far from their
anchorpoint, or in the worst case ,may not be placed.Evenif our
ordering heuristicgreatly reducesthis problem, there are typical
caseghat fail for our algorithm. Becausewe peelanchorpoints
from theoutsideto theinside,theheuristicwill beinefcient in the
caseshowvn by Figure8-left, whereanchorpointsshouldintuitively
be peeledn theinverseorder Anotherbadcon gurationis thatof
anextremelydensesetof points. Evenif wetry to respectcircular
orderin labelinsertion,we canhave ananchomointthatis blocked
betweenwo previously placedlabels.Finally, for large numberof
labelstheremaynotexist avalid solution,unlesswe alsooptimize
overthesizesof thelabels whichwe do nothandlefor themoment.



6 Discussion and Future Work

We have presentech generalformalizationof dynamiclabelingof

interactve scenestogethemwith a praticalgreedyapproacho solve

the NP-hardoptimizationproblem.Our maincontritutionis to use
Apollonius diagramsto selectlabelsin an appropriateorder and
compensatéhedravbackof thegreedyapproachOur seconccon-

tribution is an ef cient implementationon the GPU, throughthe
useof SAT andmorphologicaloperationgo make the evaluation
of constraintsand costsatomic operations.As canbe seenin the
video, this allows interactize navigation of 3D scenesith annota-
tions.

Our formulationis very general even thoughwe do not exploit it
entirely for the moment. In the future, we would like to optimize
alsothe sizesof the labels. We would alsolike to testof ine op-
timization algorithmsandcomparethe solutionfound with the ap-
proximateone found by our heuristic. Finally, we would like to
investicaterecentadvancesin greedyapproachesuchas GRASP
[Cravo etal. 2008]to improve optimizationwithout sacri cing per
formance.
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Figure 7: Someesultsobtainwith our method

Figure 8: Whenour algorithmfails to placea label, it is placedin the uppercorner Here are two caseswhete this mayhappen(left) the
ordering heuristicis designedo placelabels”ar ound” and object, not "inside” a hole, for which the peelingorder shouldbe reversed.
(right) densesetof labelsquickly saturate freespaceandwe canno longer placean andor line.



