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Figure1: Anexampleof dynamiclabelingfor a complex scene. Seeaccompanyingvideofor betterdemonstration.

Abstract

Thiswork presentsanovel approachfor dynamicallyrenderingan-
notationsattachedto a 3D scene.We formulatethe problemasa
generaloptimizationunderconstraints,accountingfor certaindesir-
ableproperties.To approximatelysolve theNP-hardoptimization
problemin real-time,wepresentaparticularheuristicthatgreedily
placeslabelswhile maintainingconstraints.Typical greedylabel
placementalgorithmsdo not pay particularattentionto the order
of placementand,asa result,suffer from the fundamentallimita-
tion thatsuccessive labelsgetprogressively moredif�cult to place.
Weusealgorithmicandmathematicaltoolsthatcompensatefor the
drawbackof typical greedyapproaches.In addition,they arewell
suitedfor GPU implementation,becausethey arecompletelyim-
agebased.As a result,we canplacetensof labelsin real-time,as
demonstratedin thispaper.
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1 Intr oduction

One striking characteristicof humansis the ability to communi-
caterich andcomplex information. We have inventedseveral ab-
stractionsto communicatecomplex informationsimply— writing
anddrawing beingnaturalexamples.It is impressive indeed,that
many tools available for expressinginformation today were, at
best,works of science�ction decadesago. As Hanrahan[Hanra-
han2005]pointedout at his keynotespeechat Eurographics2005,
charts,pictorial graphs,diagrams,andspreadsheetsareexamples
of suchtools.

Thechallengewhencreatingrepresentationsfor communicationis
that of abstraction andexpressiveness. While the former enables
simplicity in communicationby accountingfor context, the latter
allows emphasisof certainideasover others. The sheerbulk of
datathatis availablefrom morerecentinventionssuchastheinter-
nethave posedyet anotherchallenge.Classi�cation,organization,
indexes, commentsand annotationare essentialelementsof pre-
sentingwhatwouldotherwisebemerelyraw data,asinformation.

Of themany recenttools for effective communication,our interest
lies in 3D representations.Expressinginformationthrough3D vi-
sualizationhasbecomepopularfor a wide gamutof applications
rangingfrom entertainment(videogamese.g. World Of Warcraft,
Quake, etc) to seriousapplications(geolocalization,virtual tours,
cartography, medicalvisualization,etc). In addition,3D graphical
communicationhascreateda new form of social interaction(e.g.
SecondLife). However, in mostof theseapplications,the3D visu-
alizationaloneis generallyinsuf�cient to effectively andcompre-
hensively convey the information. While the 3D representationis
usefulfor presentinga view andhelpsimmersionandlocalization



it is oftenoverwhelmingin termsof theamountof informationcon-
veyed.A key aspectin thiscommunicationwith 3D representations
is labeling,or visibly attachingtext thatprovidesmoreinformation
aboutcertainregions. Labelinghasbeena standardtool that en-
ablesattachinginformation and also drawing attentionto certain
regions. (e.g. life pointsof otherplayersin WoW, nameof avatars
in SecondLife, descriptionof shopsin GoogleMapsandindicating
organdimensionsin medicalapplications).

Figure 2: World of Warcraft usesworld-placedbillboardsto over-
lay labelsontoa 3D view, which causesclutteringwhentoo many
objectsareclosein screenspace c
 .

While labelinghasbeenextensively usedin 2D illustration,it is in-
deedchallengingto extendandautomatethe labelingprocessfor
imagesof 3D representations.Figure2 shows a typically cluttered
view in WoW wherethetext indicationsenormouslysimplify quick
comprehension.In this paper, we tackletheproblemof displaying
suchinformationmoreoptimally, which relatesto labeling asre-
viewedin Section2.

The key point hereis that the viewpoint is “inside” the scene.A
consequenceof beingimmersedis thatlabelplacementposesmore
challengesthanwhenlabelshave to be layedout “around” an an-
notatedobject,astypically thecasein mostexistingwork.

Ratherthan to produceaestethic(i.e closeto what talentedillus-
tratorscando) layoutsfor particularsview, ourgoalis to guarantee
thatall annotationsrelevantfor thecurrentviewpointareadequately
presentedto the user, while attemptingto minimize interferance
with the3D experienceof scenenavigation. In particular, we pay
attentionto enforcetemporalcoherence.

2 Related Work

This work is mainly relatedto the oneof maplabeling, whereal-
gorithmstry to placeannotationsaroundpoints, lines or regions.
Findinganoptimalsolutionto this problemhasbeenprovento be
NP-hard[MarksandShieber1991].Themaplabelingproblemhas
beenextensively studiedin thestatic2D case.A goodsurvey of the
mostef�cient solutionscanbe found in [Christensenet al. 1995].
Recently, [Daiches2006] adressedthe problemof zoomingin the
mapwith consistentlabeling.

Externallabelingis introducedby [FeketeandPlaisant1999]asan
alternative 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-alignedboundingbox,andthelengthof leaderlines
is minimized. The major limitation is that labelsneedto have a
commonsize.In [Vollick et al. 2007]theproblemis castasa min-
imization of an energy function. The motivation was to capture
style from a user-speci�ed example,and reuseit to generatela-
belson novel inputs. They usesimulatedannealingfor resolution,
which needsa few minutes,andtheapproachis consequentlynon
interactive.

An earlymentionof 3D externallabelingis found in [Preimet al.
1997] wherethe authorspresentan algorithmfor coherentzoom-
ing. Additionaly, [Strothotte1998]explain theproblemof tempo-
ral coherence,andshow two simplecaseswherethereis no solu-
tion to prevent poppingfor a rotation. In [Bell et al. 2001], au-
thorspresentan algorithmfor real-time3D label placementusing
a view-managementstrategy introducedin [Bell andFeiner2000].
Thesceneis approximatedby a setof boundingboxes,andlabels
areinteratively placedin thenearestemptyrectangle.They alsoin-
troducehysteresisto minimize temporaldiscontinuity. [Hartmann
et al. 2004] model the problemusingpotential�elds. Labelsare
positionnedby diffusionof anenergy, startingfrom themiddleof
the scene.However, this algorithmdoesnot manageall the con-
straints,andin particular, cannotpreventleaderlinesintersections.
They solveit by permutationof labels,whichis notalwaysvalid for
labelsof differentsizes.[Ali et al. 2005]presenta �e xible pipeline
including differentstyle. They arealso limited to single line text
and they don't manageobjectswith holes. Finally, [Götzelmann
et al. 2007]presenta solutionfor animated3D models.Themain
restrictionis that they needto analyzetheentireanimation,soit is
notapplicableto interactivenavigation.

3 Problem form ulation

Westartwith a3D scenewith pointsof interesttaggedwith seman-
tic information. Theusernavigatesthescene,andthe information
is renderedoverlayedon the 2D view. As an example,imaginea
virtual modelof a museumgallery exposingstatues.Thepedestal
of eachstatueis taggedwith its name,andthe nameof the artist
thatcommittedit. On theVenusdeMilo, theshouldersaretagged
with anexplanationon why thearmsaremissing.On theDavid's
head,a tag indicatesthatproportionsarenot anatomicallycorrect,
but chosensothatthey appearcorrectwhenseenfrom groundlevel.
Whentheuserentersthegallery, all statuesarevisible,andonly the
namesareshown. Whenshemovescloserto onestatue,therelated
informationappearsgradually. This examplescenariois what we
call dynamiclabeling. Theterm“label” is ambiguous.It refersboth
to the semanticinformation(e.g. the text explaining what a point
of interestindicates),andto therenderingof that information(e.g.
themarksthatareoverlayedonthe2D view to displaythetext with
a particularfont andalignment).Let's �rst clarify theterminology
weuse.

We call label thesemanticinformationattachedto a point of inter-
est,which is calledthe label's anchor. The anchoris a 3D point
in thescene.Thesemanticinformationmustcontaina displayable
content, but it canalsocontainotherinformationsuchasacategory
id, an importance,etc. For a givenview of thescene,a label's an-
chorprojectsto a given2D positionthatwe call anchor point. The
labelis renderedinsidea2D axis-alignedbox thatwecall thelabel
box. Thepositionandsizeof this box is what is to bedetermined
by our system.However, theaspectratio of thebox is �x edby the
content. We do not considerdynamicallylayedout contentsuch
as[Jacobset al. 2004]. We insteadassumethecontentis givenas
an“image” of givenproportionsby theuser. Consequently, thesize
of a label box canonly controlledby a scalefactor. Finally, we
call leaderline theline thatconnectstheanchorpoint to thecenter
of the label box. Figure3 summarizesthe terminology. We will



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

A i = X i ; Yi 2D coordinatesof anchorpoint i
d i = Wi ; H i width andheightof labelcontenti
ai = x i ; yi 2D coordinatesof thecenterof labelbox i
[ai ; A i ] Leaderline of labeli
si scalefactorappliedto labelcontent; the label

boxhas2D dimensionssi Wi � si H i

A

B

C

Label content for A

Label content for B

Label content for C

Anchors

3D Model 2D View

Label box
Anchor point

Leader line

Figure3: Terminologyusedin dynamiclabeling

Theproblemis thusasfollows. Givenasetof n labels'contentsand
associatedanchorpoints,how to bestoverlay labelboxesonto the
sceneview. For that,wemustde�ne what“best” means.Wechoose
thefollowing criteria.Labelboxesmustnot intersecteachother, or
someinformationwould not bevisible. Leaderlinesmustneither
intersectotherleaderlinesnor labelboxes,or theanchor/labelre-
lationwouldnotbeimmediatelyperceived.Thelabelboxesshould
not hinder the navigation: they shouldhide as lessaspossibleof
the 3D scene,and they shouldmove coherentlyover time. The
anchor/labelrelationshouldbe asdirect aspossible: leaderlines
shouldnot be too long, so that the anchorpoint andthe label box
arevisually closed;andleaderlinesshouldbeorientedalongpriv-
iledgeddirections.Finally, thelabelboxesscalesshouldbeasclose
to 1 aspossible.

Thetwo �rst criteriaarehardconstraints(“must”). Thelastonesare
recommendations(“should”). Consequently, wemodeltheproblem
asanminimizationunderconstraints.We searchover thespaceof
all possiblef x i ; yi ; si gi =1 :::n suchthat:

8i 6= j [ai ; A i ] \ [aj ; A j ] = fg (1)
B (ai ; si d i ) \ [aj ; A j ] = fg (2)
B (ai ; si d i ) \ B (aj ; sj d j ) = fg (3)

whereB is anaxis-aligned2D rectanglespeci�edby its centerand
its diagonalvector. Weminimizeanenergy function:

E (f x i ; yi ; si g) = �
X

i

jai A i j (4)
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X

i

ZZ

B ( a i ;s i d i )
f (x )dx

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
that the labelsarenot scaledto 0. The third term is usedto favor
leaderlinesthatarehorizontalor vertical,� i beingtheanglethatthe
leaderline i doeswith thehorizontalaxis. Thefourth termis used
to mesurehow muchthelabelsoccludesthe3D sceneunderneath.
The function f is called occupancyfunction, and is obtainedas
follow. Eachsurfacein thesceneis attacheda user-speci�edscalar
value in [0; 1] that indicateshow importantit is that this surface
benot occludedby labels.For example,we would put 0 on walls,
and1 on objects. This importancevaluecanbe view-dependent,
for exampledecreasingwith the depthvalueof pixels. We render
a view of thescenefrom thecurrentviewpoint usingthis valueas
surfaces's colors. Theresultingimagegivesf . By integratingthe
valueof f overthelabelboxes,wehaveameasureof how thescene
is occludedby labels.By usingthis in theenergy function,instead
of addingit asa constraint,we allow thealgorithmto placelabels
that hide somepartsof the scenewhenit is not possibleto �nd a
betterplacement.Yet, it will strive to occludepartsthat are less
important�rst.

4 An Extended Greedy Algorithm

Minimizing eq.(4)underconstraintseq.(1-3)is acomplex task(NP-
hard)thatcannotcurrentlybedonein realtime. Ourapproachis to
solve it greedily. For eachlabelwhoseanchorpoint is visible in the
currentview, we choose(x i ; yi ; si ) sothatthecontribution to E is
minimum,andsothat theconstraintsarerespected.This approach
doesnot yield the exact minimum, becausethe orderingof labels
matters.Moreover, this approachhasin principal two drawbacks.
First,evenif we reducethedimensionof thesearchspacefrom 3n
to 3, it is still a large spaceto explore. Second,ascommonwith
greedyalgorithm,if wedonotorderlabelsadequately, wemayend
upwith thelastlabelshighly increasingE , or worst,beingimpossi-
ble to placewithout violating theconstraints,which would require
backtrackingthepreviouslyplacedlabels.Figure4-top/rightshows
suchapoorplacement.Weaddressthesetwo problemsasfollows.

Wereducethesearchspaceby removing si from theminimization.
We simply �x thescaleof labelbox i basedon thedistanceto the
observer. This is a very crudesimpli�cation of our generalformu-
lation, andthereadermayarguethatwe shouldhave omittedit in
the�rst place.Yet,webelieve thatadjustingthescalegivesa lot of
�e xibility to �nd anideallabelplacement.Hencea generalformu-
lation shouldincludeit, evenif thesolutionpresentedin this paper
cannotyet take it into account. Indeed,reducingthe dimension
of the searchspaceto 2 is the key to interactivity. This allows to
usetheGPUto very ef�ciently evaluatethecostof eachcandidate
(x i ; yi ), andthenretrieve theminimumthroughmatrix reduction,
asshown in Section5.

Further, we carefully chosethe orderingof labelsso that we �rst
placethosethat area priori hard,leaving the easiestonesfor the
end. Hopefully, andwe observe it in practice,this shouldhelp to
alleviate the inherentdrawbackof thegreedyapproachmentioned
above. Intuitively, thehardestlabelsarethosefor which thereare
few candidates(x; y) thatmeettheconstraints,or only candidates
for which the contribution to E would be high. We identify two
situationsthatgeneratesuchlabels.The �rst situationis whenthe
anchorpoint is surroundedby otheranchorpoints. If we placethe
outerlabels�rst, therewill beno roomleft for the innerone. The
secondsituationis whentheanchorpoint is “deepinside”anoccu-
pied region, that is, the closestpoint x for which f (x ) is small is
not thatclose.In otherwords,theleaderline will belong.



Figure 4: (left) Exampleof Apolloniusdiagram. Notethat bound-
ariesof thecellsarecurved.(right) resultof greedyplacementwith
randomorderingof labels(top)andour ordering(bottom).

4.1 Ordering the labels

Hereis a way we couldsolve the�rst problemalone.We compute
a Voronoidiagramof the anchorpoints. We then“peel” layersof
anchorpointsfrom the“outside” to the“inside”. More mathemat-
ically, we take all unboundedcellsof thediagram.By propertyof
Voronoi,eachsuchcell hasexactly two adjacentunboundedcells.
Thisyieldsacircularorderingof thecells.Wepushthecorrespond-
ing anchorpointsin thatorderin aLIFO queue.Wethenrecompute
theVoronoidiagramof theremaininganchorpointsandrepeatthe
processuntil noanchorpoint is left. Poppingthequeuewouldnow
traversethe labelsfrom the most surroundedone to the lesssur-
roundedone.

Hereis now awayto solvethesecondproblemalone.Startingwith
the function f , we computea distance�eld. That is, for eachx ,
we �nd the distanceto the closestpixel at which f is 0. Sucha
distance�eld canbecomputedveryef�ciently onGPUasshown in
Section5. We now evaluatethedistance�eld at eachanchorpoint
andsortin decreasingorder.

The two solutionsabove yield differentorderingsandhave com-
plementaryadvantagesanddrawbacks. Consequently, we needa
way to somehow merge theminto one. Our solutionis to usethe
peelingalgorithmdescribedabove,butwith anApolloniusdiagram,
alsoknown asAdditivelyweightedVoronoidiagram[Karavelasand
Yvinec 2002]. The Apollonius diagramof a setof site pointsci

with weightwi is asubdivisionof theplaneinto connectedregions,
calledcells, associatedwith thesites.As for Voronoidiagram,the
cell of a site (ci ; wi ) is the locus of points on the planethat are
closerto ci thanany othercj . But this time, thedistanceof a point
x in theplaneto asiteci is de�nedasjx � ci j � wi . In otherwords,
within acell, themostimportantpointaroundis theassociatedsite.
Theweightfor eachpointis setto thevalueof thedistancefunction.
In otherwords,eachanchorpoint is ”considered”a disctangentto
theclosestsilouhette,andwecomputetheVoronoidiagramof these
discs.Figure4-left showssuchadiagramandtheresultingordering
of anchorpoints.

4.2 Evaluating contrib ution

Now that the anchorpointsareordered,we traversethemandfor
eachlabel i , we considerall possiblelocations(x; y) for the label
box (thereis a �nite numberof pixels in an imagesowe canenu-
meratetheselocations).At eachlocation,we testif the label box
canbe placedtherewithout violating the constraints.This canbe

donein oneoperationusingmorphologicaloperators,asnow de-
scribed. We traverseall previously placedlabelsj . For each,we
computetheshadow region of thelabelbox j andleaderline j for
a point light sourceat anchorpoint i . This givesus the location
wheretherewould be intersectionbetweenthe leaderline of label
i andotherlabels. We thenperforma dilatationby thesizeof the
label box i , which is straighforward knowing the verticesof the
shadow region. We �nally renderall theseregionsin anoffscreen
texture asa binary image. The resultingbinary imagecontains0
wherewe canplacelabel box i without violating constraints,and
1 elsewhere. Figure5 illustratesthe process.Thereare two im-
portantpoints here. First, the constraintcheckinginformation is
available as a texture. Second,the useof dilation allows to test
validity usingonetexture lookup. Both propertiesallows to inte-
gratethe constrainttestinggracefully into a GPU implementation
basedon matrix reductionasdescribedin Section5. Oncethis is

Already placed labels

Next Label to place Shadow regions

Dilated regions Candidate positions

Figure 5: Testingconstraints againstalreadyplacedlabelsusing
morphological dilatation.

checked,we evaluatethecontribution to E thatwould resultfrom
placingthelabelboxthere.Oneinterestingaspectof thisapproach,
besidesmakingthetestatomic,is thatwecanpreventlabelboxesto
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 ef�ciently ,
we computea SummedArea Table (SAT) of the scene. SAT has
beenoriginally introducedby [Crow 1984]asanalternativeto mip-
mappingfor texture�ltering. It allowsto computetheintegralonan
axis-alignedboxeswith only four arithmeticoperations.Recently,
[Hensley etal.2005]haspresentedafastalgorithmto computeSAT
on theGPU.Onceagain, if we wanta “band” betweenobjectssil-
houettesandlabelboxes,wecanintegrateonenlargeddomains.

4.3 Managing temporal contin uity

As mentionedearlier, we want the displayedlabel not to hinder
the navigation experience. The usershouldnot be distractedby
poppingor fast-moving labels.Intuitively, thelabelbox placement
shouldbecontinuous,that is, if theuserchangesslightly theview-
point, the label box shouldbe only slightly translated.The algo-
rithm we just describeddoesnot accountfor temporalcoherence,
becausethe optimisationonly involves the currentviewpoint. To
addressthis, we addanextra termto thecostfunction,thatpenal-
izesalabel'spositionthatwouldbetoofarfrom thelabel'sprevious
position.This favorscontinuitywheneverasolutionexists.



Unfortunately, therearecaseswherecontinuity is not achievable.
As shown in [Strothotte1998],therearediscontinuitiesinherentto
theproblem.Figure6 showsanotherexample.

Figure 6: Placementof labelscan not be continuous.The three
imagesaboveshowsthreeconsecutiveviews(zoomingout, thenro-
tating)of a toruswith onelabelattached.In the�r stview, thelabel
mustbeplacedinsidethe torus. In the last view, it cannot. There
will necessarybea timewhenthelabelneedsto be“teleported”

To addressthis problem,we interpolatebetweenthe previous po-
sition of a labelbox, andits next position. That is, eachlabelbox
continuouslytries to reachthepositionit hasbeenplacedtoo, but
its velocity is bounded,andit mayneedseveralframesto reachthis
position.Fundamentally, theproblemis not solvedandthelabel is
actually“teleported”,but theprocess“smoothes”the teleportation
to avoid visual discontinuity. It servesonly asa last resort,when
thecon�gurationhasnocontinuoussolution.

Anothersourceof discontinuitiescomesfrom the treatmentof in-
visibleanchorpoints.As mentionedin �rst paragraphof Section4,
we only placelabelsfor thoseanchorpointsthat arevisible. But
what happenswhenthe visibility of an anchorpoint changes,for
examplefrom visible to hidden? At the very momentbeforethe
anchorpoint becomeshidden,thelabelbox it still completelyvisi-
ble. If placementwerecontinuous,at themomentafter theanchor
pointbecomeshidden,thelabelboxwouldbestill largelyvisible. If
we simply remove thelabelwhentheanchorsbecomeshidden,we
will have a visual discontinuitybecausethe anchorpoint is punc-
tual (with a null area)while the label box is not. This problem
is well known in NPR whenattachingstrokesto seedpointson a
mesh[Vanderhaegheetal. 2007].

Our solution to that problemis to make the point non-punctual.
That is, we testthe visibility of a small 3D spherearoundthe an-
chor point. Using occlusionqueries,we cancounthow muchof
this sphereis visible, andwe usethat to blendthe label box with
thebackground.In otherwords,wenolongerhaveabinaryvisibil-
ity status,but acontinuouslyvaryingone.Thishastheextrabene�t
of avoiding the precisionissuethat would occurwhentestingthe
visibility of a singlepoint. Thedrawback,however, is that in cer-
tain situations,suchasananchorseenthroughfencingor through
folliage, the label will sort of ”blink” with alternatefade-inand
fade-out.

5 Implementation and Results

Previoussectiondescribedour approachandits motivation. In this
section,weprovide thedetailsof implementation,andin particular
how well ourapproachmapsto theGPU.Thestepsare:

1. Renderoccupancy function

2. ComputeaSummedAreaTableanddistancetransformon it

3. Computeorderwith Apolloniusgraph

4. For eachlabelin thatorder

(a) Traverseall pixelsin image

(b) If labelbox cannotbeplacedat thatpixel, skip to next
pixel, otherwiseevaluatethe contribution if label box
wasplacedat thispixel

(c) Find thepixel with minimumcontributionusingmatrix
reduction.

All thesecomputationsareperformedon the GPU, typically ren-
deringa full screenquadwith a speci�c fragmentshader, in order
to transformanoffscreentextureto anotheroffscreentexture.

Thekey point is that thereis very limited transferto theCPU.In-
deed,we never needto transferbackthewholeoffscreentextures.
WecomputeSummedAreaTableandDistanceTransformwith the
samesinglefragmentshaderusingajump�ooding algorithm[Rong
andTan2006].Step3 requiresthedistance�eld only at theanchor
points. Step4-b canperformall theconstrainttestsandcostfunc-
tion evaluationwithin thefragmentshaderbecauseSAT anddilated
maskmake thoseatomicoperations.Finally, step4-c is doneus-
ing matrix reduction,which requiresonly log n passeswheren is
thedimensionof theoffscreentextures,anda �nal readbackof one
pixel (which containsin theR channeltheminimumfunction,and
in theGB channelsthecoordinatesatwhich it occurs).

Another keypoint is that the offscreentexture resolutionis com-
pletelydecorellatedfrom the resolutionof theobserver's window.
Its size only in�uences the numberof (x; y) samplesconsidered
to placethelabelboxes.Sincethecostof our algorithmis directly
proportionalto theresolution(through�ll rateandmatrixreduction
passes),we canscalethequality to thepower of thegraphiccards.
Notehowever that too smalla resolutionwill cause�ick eringdur-
ing thenavigation.

We implementedthis approachusing non-optimizedC++ and
OpenGLcode.Our testswereranonaGeForce7800,usinganoff-
screenresolutionof 512 � 512. We areableto interactively place
upto 20labelsat30Hz(but thesceneitself cancontainsmuchmore
labels,if not all of themhave visible anchorpoints). Notethat the
numberof polygonsin the3D sceneis notrelevantfor performance
measurements.Indeed,we needto renderthesceneonceto obtain
theoccupancy function.Everysubsequentstepis entirelyin image
spaceandno longerdependson the geometriccomplexity of the
scene,but only on theoffscreenresolutionchosen.

The usercancontrol globally the weightingcoef�cients � ; : : : ; 

of eq.(4). In the future, the valuesof thosecoef�cients could be
speci�ed per label. This would allow to force certainlabelsto be
vertical/horizontal,while letting otherfree. The usercanalsotag
thesurfaceswith animportancevalue.In ourdemos,we have sim-
ply split the scenein two �les, onewith objectsof importance0
(typically walls) and one with objectsof importance1 (typically
furniture). Figure7 shows someresults.Theaccompanying video
showshow ouralgorithmbehavesdynamically.

Ourapproachdoeshavelimitations.Themainoneis inherentto the
greedyapproach.Thelast labelsmaybeplacedvery far from their
anchorpoint, or in theworstcase,maynot beplaced.Even if our
orderingheuristicgreatly reducesthis problem,thereare typical
casesthat fail for our algorithm. Becausewe peelanchorpoints
from theoutsideto theinside,theheuristicwill beinef�cient in the
caseshown by Figure8-left, whereanchorpointsshouldintuitively
bepeeledin theinverseorder. Anotherbadcon�guration is thatof
anextremelydensesetof points.Evenif wetry to respectacircular
orderin labelinsertion,wecanhaveananchorpoint thatis blocked
betweentwo previously placedlabels.Finally, for largenumberof
labels,theremaynotexist avalid solution,unlesswealsooptimize
overthesizesof thelabels,whichwedonothandlefor themoment.



6 Discussion and Future Work

We have presenteda generalformalizationof dynamiclabelingof
interactivescenes,togetherwith apraticalgreedyapproachto solve
theNP-hardoptimizationproblem.Ourmaincontribution is to use
Apollonius diagramsto selectlabels in an appropriateorder and
compensatethedrawbackof thegreedyapproach.Oursecondcon-
tribution is an ef�cient implementationon the GPU, throughthe
useof SAT andmorphologicaloperationsto make the evaluation
of constraintsandcostsatomicoperations.As canbe seenin the
video,this allows interactive navigationof 3D sceneswith 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-
timizationalgorithmsandcomparethesolutionfoundwith theap-
proximateone found by our heuristic. Finally, we would like to
investigaterecentadvancesin greedyapproachessuchasGRASP
[Cravo etal. 2008]to improveoptimizationwithoutsacri�cing per-
formance.
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Figure7: Someresultsobtainwith our method

Figure 8: Whenour algorithmfails to placea label, it is placedin theuppercorner. Here are two caseswhere this mayhappen(left) the
ordering heuristic is designedto place labels”ar ound” and object,not ”inside” a hole, for which the peelingorder shouldbe reversed.
(right) densesetof labelsquickly saturatefreespaceandwecanno longer placeananchor line.


