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Figure1: A traditionalrenderedAR scenario(a)andtheNPRrenderedscenario(b), (c).

Abstract

In this paper, we presentsketchy-ar-us, a modi�ed, real-timever-
sionof theLooseandSketchy algorithmusedto rendergraphicsin
anAR environment.Theprimarychallengewasto modify theorig-
inalalgorithmtoproduceaNPReffectatinteractiveframerate.Our
algorithm rendersmoderatelycomplex scenesat multiple frames
per second.Equippedwith a handheldvisor, visitors canseethe
real environmentoverlaid with virtual objectswith both the real
andvirtual contentrenderedin anon-photorealisticstyle.

CR Categories: I.3.3 [Computer Graphics]: Picture/Image
Generation—[I.3.5]: Non PhotorealisticRendering—Hardware
AcceleratedRenderingH.5.1 [Information InterfacesandPresen-
tation]: Multimedia InformationSystems—Arti�cial, augmented,
andvirtual realities

Keywords: Mediated Reality, Non-photorealisticrendering,
LooseandSketchy

1 Intro duction

In recentyears,non-photorealisticrendering(NPR) hasbecome
a popularresearchtopic in the areaof computergraphics. Aug-
mentedRealityapplicationsarethosein which computergraphics
areoverlaidin real time on views of therealworld. In Augmented
Reality (AR) installations,therearetwo alternativesfor rendering
thesuperimposed3D content:eitherusingphotorealisticrendering
techniqueswith the goal of seamlesslyintegratingthe augmented
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contentinto the existing real environment,or usingan NPR style
to enhancetheaugmentedcontent.In the lastdecadeAR research
hasmostlybeenfocusedon improving photorealisticrendering,in-
cludingconsistentillumination,integratingshadowsandenhancing
shadingby BRDFsetc. [Agusantoet al. 2003;Bimberet al. 2003;
Gibsonetal. 2003;Halleretal. 2003;Naemuraetal. 2002;Sugano
et al. 2003]. However theremaybeotherwaysto make AR instal-
lationsmorevisually appealingandfun. Recentlytherehasbeen
new researchtrying to makingAR installationsmorestylistically
believable,and/ormoreenjoyable,thanphotorealistic.

Ferwerda[Ferwerda2003]distinguishedthreedifferentvarietiesof
realism:

² physical realism,wherethe virtual objectsprovide the same
visualsimulationastherealscene.

² photorealism,wherethe imageproducesthe samevisual re-
sponseasthescene,and

² functionalrealism,in which the imageprovidesthesamevi-
sualinformationasthescene.

In this paper, we focus on aspects of photorealism (non-
photorealism)in AR interfacesand leave addressingphysical re-
alism (non-realism)andfunctionalrealism(non-realism)for later
work. Therearealot of goodreasonsto improvetherealismof aug-
mentedreality imagery[Haller 2004].Currentlyit is challengingto
createa seamless(not discontinuous)coherencebetweenthe real
andthevirtual world: for example,light sourceshave to in�uence
theaugmentedcontentin thesameway asthey affect realobjects,
includingcastingvirtual shadows to matchrealshadows. Gogolin
predictsthat sooneror later, photorealismresearchwill start de-
velopingvery new renderingtechniques[Gogolin 2004]. Durand
[Durand2002]demonstratesthat theborderbetweenphotorealism
andnon-photorealismcanbefuzzyandtheideaof realismitself can
becomeverycomplex. Thevirtual world hasto beinterpretedmore
convincinglyratherthanrealisticallyrendered. In fact,it shouldbe
abelievableworld, wheretheaugmentedobjectsshouldbeexpres-
sive,clear, andlook aestheticallyperfect.

Thegoalof this work is to achieve a morestylistic andartisticAR
visualization(cf. �gure 2).

Themaincontributionsof thispaperaretwofold:



Figure2: sketchy-ar-us in use: the embeddedsnapshotshows the
view of whattheuserswouldseethroughthehandheldvisor.

Implementation of a real-timeversion of theLooseandSketchy
algorithmusingprogrammableGPUhardware. Curtis' orig-
inal algorithmwasprimarily designedfor of�ine rendering,
wheretheperformanceplayedasecondaryrole. Thus,it took
10-60secondsto rendereachframe[Curtis1999].

Combination with an AR envir onment: Both the real and the
virtual objectsare renderedin the samesketchy style. Due
to the blurred imageand the sketchy silhouettestyle, users
cannotdiffer betweentherealandthevirtual, augmentedob-
jects. Consequently, they get a betterimmersive experience
andamoreenjoyablestylistic view.

After an overview of relatedwork, describedin section2, we
demonstrateour approach,the modi�ed LooseandSketchy algo-
rithm, including thecreationof thesilhouettes,theblurring of the
image, its composition,and the combinationwith the AR setup.
Performancetestsand user feedbackcommentsare discussedin
section5. Finally, we concludethe paperwith directionsfor fu-
turework.

2 Related Work

Our work is basedon elementsof MediatedReality, asintroduced
by Steve Mann[Mann andFung2001;Mann1994]. In contrastto
AugmentedReality, in a MediatedRealityinterfacevirtual content
is not just addedto the realenvironment,but modi�ed by a visual
�lter . Grassetetal. [Grassetetal. 2003]demonstrateanapplication
wherethey allow a userto paintvirtually ontoa realenvironment.
In this paper, we presentsketchy-ar-us (cf. �gure 1), a modi�ed,
real-timeversionof theLooseandSketchy algorithmpresentedby
Curtis [Curtis 1999]usedto renderanAR environmentusingAR-
ToolKit [Kato etal. 1999].

Sketchy-ar-us presentsa non photorealisticview of the AR scene
using non-photorealisticrendering(NPR). Thereare several rea-
sonswhy NPR imagesmay be betterfor someapplications: the
picturesareeasyto understand,they areeasyto display, andthey do
notneedahugeamountof data[Raskaretal. 2004].A hand-drawn
sketchcanoftencommunicatecomplex coherencesin a betterway
thanphotorealisticpictures.Sketchy (un-completed)drawingsneed
usersto mentallycompletethepictureandaddmissingdetails.Mc-
Clouddescribesin [McCloud1994]thatscenarioscanbeexpressed

easierby usingasimple,comicstyle.

A generaloverview of different NPR algorithms are given by
[GoochandGooch2001;StrothotteandSchlechtweg 2002].Many
algorithmshave beendevelopedin the last decadethat createim-
ageswhich resembleart madeby humans[Gooch et al. 2002;
HertzmannandPerlin2000].Differentarttechniquesandstylescan
besimulated,suchaspenandink [Salisbury et al. 1994],hatching
[Praunetal. 2001],watercolor [Curtisetal. 1997]andimpression-
ism [Haeberli1990;Meier1996].

AlthoughNPR techniquesarebecomingmorecommon,therehas
beenlittle researchconducedintocombiningAR contentwith novel
renderingtechniques.In [Haller andSperl2004] we presenteda
non-photorealisticrendererin anAR environment,whereonly the
virtual objectshave beenrenderedin a painterlystyle. Fischeret
al. [Fischeret al. 2005]postulatea cartoon-like AR environment,
whereboththevirtual andtherealobjectsarerenderedin thesame
style. Their approachis basedon a bilateral image�ltering for
thecolorsegmentationandaCanny-edge-detectorfor thesilhouette
generation. Their work motivatedus to combinethe Looseand
Sketchy algorithmwith anAR setupto achieveamorestylisticand
artisticenvironment.

Anotherexampleof how theAR contentcanbeenrichedby NPR
objectsis presentedby Collomosseetal. [Collomosseetal. 2003a;
Collomosseetal. 2003b],whopostulatethatanabstractillustration
of motionalsomakessensefor realmovie sequences.In theirwork,
they enhancethe motion in movies by addingmotion lines or de-
forming realobjectssothatthey seemto bemoving quickly. Their
movies are impressive and convincing, althoughtheir techniques
requireextensivepre-processing.

Our LooseandSketchy algorithmconsistsof threedifferentsteps:
�nding thesilhouetteby usingreferenceimages,blurringtheimage
to achieveamorefuzzyimage,andaddingpapertextureto produce
amorestylistic image.A lot of differentalgorithmshavebeenpub-
lishedfor thegenerationof silhouettes[SaitoandTakahashi1990;
Card and Mitchell 2002; Raskarand Cohen1999; Northrup and
Markosian2000]. Kowalski et al. [Kowalski et al. 1999] demon-
strateanovel silhouetterenderingtechniqueto achieveanart-based
renderingof fur, grass,andtrees.However, lessattentionhasbeen
given to coherentstylized silhouettes(cf. [Masuchet al. 1997;
Kalninsetal. 2003]).

In contrastto Fischeret al. [Fischeret al. 2005]our algorithmuses
the basicconceptsproposedby Curtis. In our case,both the vir-
tual content(3d scenario)and the real scenario(the video input)
usesa ”dif ferent” renderingmechanism.Consequently, for both
images(theaugmented,virtual contentandtherealscene)weused
different input to achieve the bestNPR results. So, for example,
we usedthe depth-informationto createsilhouettesof the virtual
3d objects. In addition,3d objectscloserto thecameraviewpoint
couldbedrawn with thicker silhouettelinesthanobjectsthatwere
faraway. Fischer'salgorithmismainlybasedonedge-detectionand
it rendersthesilhouetteedgein a normalway. In contrast,our al-
gorithmis basedonaparticlesystem,whichallowsmore�e xibility
andresultsin amorestylistic image.

3 Real-time Loose and Sketchy approach

The LooseandSketchy techniqueof Curtis producesimagesthat
appearto bedrawn by hand.It automaticallydraws thevisible sil-
houetteedgesof a3D modelusingimageprocessingandastochas-
tic, physically-basedparticlesystem.
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Figure3: Thepipelineof thereal-timeLooseandSketchy algorithm.

Due to its complexity, the original Loose and Sketchy method
could not be usedfor real-timeapplications. To apply the same
styleof renderingin real-time,wemodi�ed thetechniqueof Curtis
by extensively using modern3D hardware—particularlythe pro-
grammablegraphicspipeline. The real-timemethodis still based
onthesameprinciplesaslaid outin [Curtis1999],albeitwith minor
simpli�cations.

In the following sectionsthestepsinvolved in creatinga real-time
LooseandSketchy imagearediscussed.Thegraphicspipelineof
thedescribedsystemis shown in �gure 3.

3.1 Preprocessing

TheLooseandSketchy algorithmsrely heavily on imageprocess-
ing,bothfor edgedetectionaswell astheblurringof thescene.The
edgedetection�lter operateson thedepth-buffer andtheblur �lter
manipulatesthecolor-buffer. To performthese�lters successfully,
theappropriatebuffershave to beprepared�rst.

Direct renderingto texturesusingPBuffers [Wynn2002]allowsfor
rapidgeneratonof thenecessarydata.Oncede�ned asarendertar-
get,therenderingprocessdrawsdirectly into theappropriatecolor-
anddepth-buffer texturesof the PBuffer—without taking a detour
over the standardon-boardframe- and depth-buffer. Afterwards
thesetexturescanbeusedjust likenormalOpenGLtextures.

3.2 Generating the reference image

Thereferenceimageholdstwo differentkindsof dataimportantfor
drawing the strokes. Firstly, it containsthe silhouetteinformation
of thesceneand,secondly, a”force �eld” whichis usedto placethe
strokesalongthesilhouettes.By applyingtheSobeledgedetection
�lter on the depth-buffer texture, the necessarydatacanbe found
for constructingthereferenceimage.

In contrastto Fischeret al. [Fischeret al. 2005],we do not usethe
Canny �lter , becausewe neededto create”force �eld” vectorsto

determinethemovementof theparticles.

TheSobeloperatorperformsa2D spatialgradientmeasurementon
animageandthenemphasizesregionsof high spatialgradientthat
correspondto edges. Sincediscontinuitiesin neighboringdepth-
buffer valuesoccur mostly at the 3D-objects' contours,only sil-
houetteedgesanda few boundaryedgeswill bedetected—but this
is exactlywhatis needed.In [SaitoandTakahashi1990],Saitoand
Takahashiintroducedhow to �nd boundaryedgesby taking into
accountdiscontinuitiesin neighboringsurfacenormalvalues.

TheSobeledgedetection�lter consistsof a pair of 3£ 3 convolu-
tion masksshown in equation1, wherethesecondmatrix is simply
thetranspositionof the�rst one.
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The masksare appliedseparatelyto the depth-buffer, to produce
separatemeasurementsof thegradientcomponentin eachorienta-
tion. Thesecomponentsarethencombinedto form a2D vector.

Theabsolutemagnitudeof thisgradientvectoris usedto determine
if anedgehasbeenfoundat thecurrentpixel position. In orderto
assertanedge,theabsolutemagnitudeof thegradientvectormust
exceedade�ned thresholdvalue.Thelowerthethreshold,themore
edgesthat will be found,sincea lower magnitudeis suf�cient for
”edge-quali�cation”—ahigherthresholdresultsin fewer detected
edges.The”force �eld” is obtainedby calculatingunit vectorsper-
pendicularto thegradientvector.

The referenceimage's creationis completelyperformedinside a
fragmentshaderandtheresultsof thefragmentprogramarewritten
to a texture. Therefore,the silhouetteinformationaswell as the
”force �eld” datahasto be encodedaspixel values. The pixel's
bluecomponentcontainsavaluewhichdetermineswhetheranedge
hasbeenfoundor not. If noedgehasbeendetectedthisvalueis set
to 0. However, if anedgeis present,thedepth-buffer's dataof the
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Figure4: Using the ”force �eld”, new particlesarecreatedalong
thesilhouette.

currentpixel location is storedinstead. This information can be
usefullateronwhendrawing thelines.Theredandgreenvaluesof
the pixel hold the x- andy-componentsof the ”force �eld” vector
respectively.

3.3 Drawing the outlines

The referenceimageshows wherethe objects' silhouettesare to
befound. The�nal imageconsistsof individual brushstrokesthat
aredrawn alongthesesilhouettes.After calculatingthe reference
imageusinga fragmentshader, it is storedasa texture. Sincethe
referenceimagehasto beaccessiblewhendrawing thestrokes,the
contentsof thistexturehaveto bereadbackinto mainmemory. Un-
fortunately, this ”memoryread-back”is a verydemandingprocess,
andis to beheldasthescapegoatfor beingthemajorbottleneckin
thewholeapplication.

For renderingthe brushstrokes on the screenwe implementeda
specialparticlesystem.A singlestroke consistsof multiple parti-
cles,which determinethe stroke's positionandcourse. For each
framea prede�nednumberof particlesareconsecutively emitted,
andplacedrandomlyon the screen.By looking up the reference
image,we assertif theparticle's positionis locatedat a silhouette
edge.If this is not thecasetheparticlegetsdeletedimmediately.

If the particle is locatedon a silhouetteedge,it is de�ned as the
startingpoint of a new brushstroke. Moving somestepsfrom this
startingpoint alongthe directionof the previously created”force
�eld”, thenext point of thestroke is derived. In a similar manner,
now startingfrom thesecondpoint, a furtherpoint of thestroke is
determined.Thisprocessis reiterateduntil apointdepartsfrom the
silhouetteedgeor thedesiredstroke lengthis exceeded(cf. �gure
4).

After this procedure,the particleswhich make up a singlestroke
areexactly speci�ed. Apart from theposition,a particlestoresad-
ditionalparameterswhichcanbeusedto modify thevisualappear-
anceof thestroke. For example,by takinginformationof theorig-
inal depth-buffer into account,moredistantobjectscanbe repre-
sentedby thinnerbrushstrokesto givehintsonthedepthconditions
of ascene.

Theprocessof generatingasinglebrushstroke is repeateduntil the
desirednumberof strokesis reached.As soonasthecharacteristics
for all strokesarede�ned,they can�nally bedrawn ontothescreen.

We implementedthreedifferentmethodsto renderthestrokes:

1. Thestrokesarerenderedusingtexturedpolygons(cf. �gure 5
(a)). Thismethoddisplayschangesin thevisualappearanceof
astrokewith asmoothtransitionusingmoderngraphicshard-
ware. For example,by increasingthe transparency alongthe
stroke's length,a subtlefade-outfor thebrushstrokescanbe
achieved.Furthermore,theline thicknesscanbepreciselyset

by appropriatelyadjustingthe polygons' size. Anotherma-
jor advantageis thepossibilityof renderingthepolygonswith
texturesattachedto them.By theuseof brushtextures,amul-
titude of differentdrawing stylescanbe imitated,ascanbe
seenin table2. Thus,this approachrepresentsthemostartis-
tically versatilestyle. The silhouetteswerecreatedby using
normalquadstripsandattachingbrushstrokes. To guaran-
teethatthis doesnot resultin ”stretchingartifacts”,thebrush
stroke textureshave to bechosencarefully(cf. table2).

2. The brush strokes are rendered using the OpenGL
GLLINE STRIP command(cf. �gure 5 (b)). This so-
lution is not well suited for the task of drawing brush
strokes. Thebiggestdrawbackof this methodis thatsmooth
transitionsof transparency, stroke width or color, cannotbe
achieved.Moreover, thelinestendto bealiasedandtherefore
they produceartifactsthat interferewith the perceptionof a
drawn style.

3. An interestingoptionis to usetheparticlesin amoreconven-
tional manner. Insteadof generatingbrushstrokes,eachpar-
ticle standson its own andabitmapis renderedat its position
(cf. �gure 5 (c)). A particlestaysalive for a certainperiodof
time andmovesalongthe silhouetteusingthe referenceim-
age.Theparticleis destroyedafterits timeexpires—notwhen
leaving thesilhouette.A problemwith this approachappears
whentheobjectsin thescenemove ratherfast,causingtheir
silhouetteto changedramaticallyper frame. Sincetheparti-
clesstayon thescreenfor sometime andtravel only a small
distance,theresultlagsbehindthecurrentpropersilhouettes.
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Figure5: Thevariousrenderingmethodsproducedistinctively dif-
ferentresults.

Thereferenceimageis computedfor everysingleframeto properly
re�ect changesin the3D scene.Becauseof this, thebrushstrokes
alsohave to beredrawn in every frame. Sincethestrokesarecre-
atedrandomly, they aredifferentevery time anda frame-to-frame
coherencebetweenthebrushstrokesis notguaranteed.

3.4 Blurring the background

Thetechniquespresentedsofararecapableof rendering3D scenes
as pure outline drawings. In order to createthe �nal imagethe



bodiesof thesketchedobjectsare�lled with color. Color provides
abetterunderstandingandallocationof thedisplayedscene.

Thecolor informationobtainedby astandardrenderingpassserves
asa basisfor thecolor �ll. As discussedin 3.1 a texturewaspre-
paredcontainingthe color-buffer of the renderedscene.By blur-
ring this texture, the colors appearto �ll the strokes completely
despitethe fact that the strokesdo not coincidewith the edgesof
theobjects.This worksbecauseour brainsprocesscolor andedge
informationseparately[Curtis 1999].Blurring thecolor texturere-
movesthehigh-frequency informationthatwould otherwisecause
animpressionof adoubleedge.

Theblurring is accomplishedin hardwareusinga two-dimensional
image-processing�lter asdescribedin [Fernando2004,Cha. 21].
First, the color-buffer texture is blurred in one axis to producea
temporaryimage. This imageis thenblurred in the otheraxis to
producethe�nal blur. Thisprocedureis demonstratedin �gure 6.

(a) (b) (c)

Figure6: The Gaussianblur is implementedasa two-stepopera-
tion.

By implementingthe blur asa two-stepoperation,the processing
timeis reduceddramatically. Thetimerequiredto performablur is
dependenton theproportionof theblur's area.The larger theblur
themoresurroundingpixels thathave to betaken into account.In
a singlepass,theareais proportionalto theblur diametersquared
(d2). This would make large-areablurs impracticalfor real-time
usage. By blurring the imagein a two-stepoperationthe cost is
reducedfrom d2 to 2¢d, which caneasilybe handledby modern
graphiccards.

The sourcecodeof a Gaussianblur usinga two-stepapproachis
availablefrom theScotopicVisionDemofrom nVIDIA'sSDK1. We
basicallyusedthesamecodefor creatingtheblur effect in thereal-
timeLooseandSketchy renderer.

3.5 Putting it together

First, the blurredcolor texture is renderedonto the screen.After-
wards,to enhancethe”handmade”illusion, we adda papertexture
to therendering.Finally, thebrushstrokesaredrawn on top of the
composedimage. All the stepsinvolved in creatinga Looseand
Sketchy renderingarepresentedbelow (andshown visually in �g-
ure3):

1http://developer.nvidia.com

for each frame of animation
render scene to PBuffer
generate reference image from depth-buffer
update particle system with reference image
blur color-buffer texture

render blurred color texture to framebuffer
multiply framebuffer by paper texture
for each particle (that starts a stroke)

add brush stroke to framebuffer
end for

end for

4 Integrating real-time Loose and Sketchy
into the AR environment

In avideosee-throughAR environment,avideostreamfromacam-
erais acquiredandrenderedasa backgroundimagefor thevirtual
3D objects.In orderto achieve a seamlesscombinationof boththe
realandthevirtual objects,andtherebyanimmersiveimpressionof
a believableworld, everythinghasto be drawn in the samevisual
style.

To beableto applythebrushstrokesthatareusedfor renderingthe
3D objects' silhouettes,to the backgroundimageaswell, a refer-
enceimagefor therealenvironmenthasto begenerated.By apply-
ing thesameSobeledgedetection�lter , albeitwith higherthreshold
settingsto theredchannelof thebackgroundimage,weareableto
createdecentsilhouetteinformation for the real environment. In
real-life scenarios,a certainamountof noisecannotbeavoided(at
leastnotwithoutprior processing),andwehave to compensatethis
�a w by settinga higherthreshold.Sincethecontentsof thedepth-
buffer are strictly computergenerated,thereis no needto worry
aboutnoisein the imageandwe generallyget away with a lower
threshold.

Whencreatingthe3Dobjects'referenceimage,thesilhouetteinfor-
mationof therealenvironmentis passedto theshaderprogram.The
fragmentshadercalculatestheobjects'silhouettesandalsomerges
bothreferenceimagesinto onewhich is subsequentlyusedto place
thebrushstrokesontothescreen.By calculatingthesilhouettesof
the real andvirtual imagesseparately, andsubsequentlymerging
them,we areableto control the parametersof the edgedetection
processesindividually to achievebetterresults.

Theblurring of boththerealandthevirtual objectsis achievedby
renderingthe 3D objectson top of the acquiredvideo frame,and
processingthetwo-stepblur on that image.After thepapertexture
is blended,we draw the brushstrokes to get the �nal Looseand
Sketchy resultin anAR environment.

5 Results and Discussions

Figure8 (a)showsatraditionalAR renderedsceneof anaugmented
(not realisticrendered)bottle. Figures(b) to (d) representdifferent
stagesof the Looseand Sketchy algorithm. The installationhas
beenpresentedat thelocal city art gallery, whereabout200people
hadthepossibility to give their feedback.It wasinterestingto see
thatpeoplereally lovedto watchthemselvesin adifferentstyle(cf.
�gures (d), (e),and(f)). They likedthestylistically renderedscene
muchmorethantheGouraudshadedstill life. They wereamazed
by thefact thatthey couldnot distinguishbetweentherealandthe
virtual objectswhile usingahandheldvisor.



After blurring the scene,the augmentedandthe real objectswere
dif�cult to distinguish.Someof thevisitorscriticizedthefact that
thewholescenewastoo blurred;they werethinking that thecam-
era's lens was incorrectly calibrated. However, the combination
with the papertexture for the backgroundgave the scenethe im-
pressionof a painted,sketchedimage.Finally, by usinga sketched
border, peoplereallyhadtheimpressionof watchingasketchedAR
environment.

All sceneswererenderedon a 2.8 GHz PCwith 1 GB of memory
usingannVIDIA GeforceFX 6800with 256MB. Theperformance
doesnot dependon thecomplexity of the renderedmodel,thusin
our casewe achieved 16.87fps. A moredetailedoverview of the
frames-per-secondsis given in table1, which shows differentsce-
nariosrenderedin theblurredstyle,addingthesketchy silhouette,
andaddingthebackgroundpaper. In thetwo testingenvironments,
we useda modelwith 894 polygonsfor the �rst scene(bottle ge-
ometry) and 10,182polygonsfor the secondscene(Van Gogh's
bedroomgeometry)respectively. Notice that theperformancewas
measuredin combinationwith theARToolKit for marker detection
andusinganADS webcamdeliveringa resolutionof 640x480pix-
els at 30 fps. Oneof the biggestbottlenecks,wasthe ARToolKit
marker detectionlibrary, which runs on the CPU ratherthan the
GPU.

Scenario Shading fps

Add blurring
Add edges
Add paper

18.51
16.95
16.87

Add blurring
Add edges
Add paper

18.40
16.80
16.54

Table1: Theperformanceof sketchy-ar-usin two differentscenar-
ios.

In contrastto [Fischeret al. 2005],our approachusesa completely
different methodfor renderingthe scenein a non-photorealistic
style. In ourcase,thesilhouettestrokesareplacedrandomly, which
itself resultsin amore”dynamic” image.This is thedesiredeffect,
sinceit animatestheoutcomingimageandgivesthescenea life of
its own.

Thanksto the blurring effect, we didn't have to careabouta one-
to-onematchingof the real scenariopropertieswith thoseof the
virtual content(i.e. guaranteeingthesamelighting parametersand
light positionsasin the real environment). The missingshadows,
thewronglight positionandthecorrespondingwrongshading(be-
causeof the �x ed OpenGLlight position)wasnever criticized by
thevisitors.

In our example,thevirtual andthe real imageshave beensentin-
dividually to theLooseandSketchy pipeline.Thus,theparameters
for thesilhouettes(e.g.theedgedetection)couldbecontrolledindi-
vidually to achievebetterresults.Table2 showssomebrushstrokes
usedfor thesilhouetteandthecorrespondingclose-upof thestylis-
tic renderedimage.

Oneproblemwith our renderingapproachoccurswith the usage
of the depth-buffer for the silhouettedetection. Long drawn-out
surfacespointing towardsthe usercancauseunwantedsilhouette

(a) (b)

Figure7: Unwantedsilhouettesmightoccurin longdrawn-outsur-
faces.

detectioninsidethesurface.This is becausethedepthinformation
insidethe shapechangesextremely, which resultsin depthlayers,
interpretedassilhouettes(cf. �gure 7).

6 Future Work and Conclusion

In this paper, we have presenteda real-timeversionof Curtis' al-
gorithmfor renderingAR imagesin a LooseandSketchy style(cf.
[Curtis 1999]).By usingmoderngraphicshardwareandhigh-level
shaderlanguages,theprocessis fastenoughto beappliedin real-
timeAR environments.NPRin anaugmentedenvironmentcanbe-
comemoreandmoreimportant,especiallyfor artisticapplications:
by makingimageslook lessphotorealistic,artistsenableaudiences
to feelmoreimmersedin avirtual world [McCloud1994].Ourpri-
mary interestwasto enabletheuseof real-timestylizedrendering
to createamorecompellingandinterestingenvironment.

Oneproblemof our proposedalgorithmwasthelag of stylizedsil-
houetteswith a robust frame-to-framecoherence.The”�ick ering”
effect, as it wasproposedby Curtis, canbecomedisturbingonce
theobjectsaremoving fast. Theparticleposition,which is calcu-
latedrandomlywithin the silhouettepath,hasto be chosenmore
carefully from one frame to the other. Kalnins et al. proposed
in [Kalnins et al. 2003] onepossiblesolutionfor propagating the
parametrizationfrom strokes in one frame to strokes in the next.
Wewould like to combinethesepresentedideaswith ouralgorithm
to achievemorecompellingresults.

Moreover, we want to adaptour algorithmnot just on the whole
frameandrenderboth the realandthevirtual contentin thesame
style. We believe that in somecasesit makesmoresenseto render
just partsof the scenarioin a non-photorealisticstyle to enhance
regionsof thescenario.

Finally, we want to starta formal usability study to get feedback
whatpeopleexpectfromAR in combinationwith NPR.Peoplehave
a wide differentview regardingthebene�tsof a non-photorealistic
renderedAR scenarioandit wouldbeinterstingto �nd outin which
senseit in�uencesthevisualperception.



(a) Gouraudrenderedimage. (b) Blurredcoloredimage.

(c) Combinationof colorandpapertexture. (d) Addingparticlerenderedoutlines.

(e) Thestill life withoutpapertextureandshadingcolor. (f) Still life with papertexturebut noshadingcolor.

Figure8: Differentscenarioresultsincludingsomestepsof therenderingprocessof sketchy-ar-us.



Table2: Differentbrushtexturesfor thestrokesresultin differentappearancesof thescenario.
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