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Figurel: A traditionalrenderedAR scenariqa) andthe NPRrenderedscenaridb), (c).

Abstract

In this paper we presentsketchy-ar-us, a modi ed, real-timever-
sionof the LooseandSketcty algorithmusedto rendergraphicsin
anAR ernvironment.The primarychallengavasto modify theorig-
inal algorithmto producea NPReffectatinteractve framerate.Our
algorithm rendersmoderatelycomplex scenesat multiple frames
per second. Equippedwith a handheldvisor, visitors canseethe
real ervironmentoverlaid with virtual objectswith both the real
andvirtual contentrenderedn anon-photorealististyle.

CR Categories:  1.3.3 [Computer Graphics]: Picture/Image
Generation—[1.3.5]: Non PhotorealisticRendering—Hardare

AcceleratedRenderingH.5.1 [Information Interfacesand Presen-
tation]: Multimedia Information Systems—Arti cial, augmented,
andvirtual realities

Keywords: Mediated Reality Non-photorealisticrendering,
LooseandSketchy

1 Intro duction

In recentyears, non-photorealistiacendering(NPR) has become
a popularresearchopic in the areaof computergraphics. Aug-

mentedReality applicationsarethosein which computergraphics
areoverlaidin realtime on views of therealworld. In Augmented
Reality (AR) installations therearetwo alternatvesfor rendering
thesuperimposeBD content:eitherusingphotorealistiacendering
techniqueswith the goal of seamlesslyntegratingthe augmented
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contentinto the existing real environment,or usingan NPR style
to enhancdhe augmenteatontent.In thelastdecadeAR research
hasmostlybeenfocusedonimproving photorealisticenderingin-
cludingconsistentllumination, integratingshadevs andenhancing
shadingby BRDFsetc. [Agusantoet al. 2003;Bimberet al. 2003;
Gibsonetal. 2003;Halleretal. 2003;Naemureetal. 2002;Sugano
etal. 2003]. However theremay be otherwaysto make AR instal-
lations morevisually appealingandfun. Recentlytherehasbeen
new researcttrying to making AR installationsmore stylistically
believable,and/ormoreenjoyable,thanphotorealistic.

FerwerdgdFerwerda2003]distinguishedhreedifferentvarietiesof
realism:

2 physical realism,wherethe virtual objectsprovide the same
visualsimulationastherealscene.

2 photorealismwherethe imageproduceghe samevisual re-
sponseasthesceneand

2 functionalrealism,in which theimageprovidesthe samevi-
sualinformationasthescene.

In this paper we focus on aspectsof photorealism (non-
photorealism)in AR interfacesand leave addressingphysical re-

alism (non-realism)and functional realism(non-realism)or later
work. Therearealot of goodreasonso improve therealismof aug-
mentedrealityimagery[Haller 2004]. Currentlyit is challengingo

createa seamlesgnot discontinuousoherencébetweenthe real

andthe virtual world: for example,light sourceshave to in uence

theaugmenteatontentin the sameway asthey affect real objects,
including castingvirtual shadevs to matchreal shadevs. Gogolin

predictsthat sooneror later, photorealismresearchwill startde-

velopingvery new renderingtechniqueg§Gogolin 2004]. Durand
[Durand2002] demonstratethatthe borderbetweerphotorealism
andnon-photorealisnsanbefuzzy andtheideaof realismitself can
becomevery comple. Thevirtual world hasto beinterpretednore
convincinglyratherthanrealisticallyrendeed In fact,it shouldbe

abelievableworld, wherethe augmenteabjectsshouldbe expres-
sive, clear andlook aestheticallyperfect.

Thegoalof thiswork is to achieze a morestylistic andartistic AR
visualization(cf. gure 2).

The maincontritutionsof this paperaretwofold:



Figure2: sketchy-ar-usin use: the embeddednapshoshaws the
view of whatthe userswvould seethroughthe handheldvisor.

Implementation of areal-timeversion of theLooseandSketcty
algorithmusingprogrammablésPU hardware. Curtis' orig-
inal algorithmwas primarily designedor of ine rendering,
wherethe performancelayeda secondaryole. Thus,it took
10-60seconddgo rendereachframe[Curtis 1999].

Combination with an AR environment: Both the real and the
virtual objectsarerenderedn the samesketchy style. Due
to the blurred image and the sketcty silhouettestyle, users
cannotdiffer betweertherealandthe virtual, augmenteab-
jects. Consequentlythey geta betterimmersiie experience
andamoreenjoyablestylistic view.

After an overvien of relatedwork, describedin section2, we
demonstrateur approachthe modi ed Looseand Sketcty algo-
rithm, including the creationof the silhouettesthe blurring of the
image, its composition,and the combinationwith the AR setup.
Performanceaestsand userfeedbackcommentsare discussedn
section5. Finally, we concludethe paperwith directionsfor fu-
turework.

2 Related Work

Ourwork is basedon elementof MediatedReality, asintroduced
by Steve Mann[Mann andFung2001;Mann1994]. In contrasto

AugmentedReality in a MediatedReality interfacevirtual content
is not just addedto the real ervironment,but modi ed by a visual
Iter . Grasseetal. [Grasseetal. 2003]demonstratanapplication
wherethey allow a userto paintvirtually ontoarealernvironment.
In this paper we presentsketchy-arus (cf. gure 1), amodied,

real-timeversionof the LooseandSketcty algorithmpresentedby

Curtis[Curtis 1999]usedto renderan AR ervironmentusingAR-

ToolKit [Kato etal. 1999].

Sketchy-arus presentsa non photorealisticview of the AR scene
using non-photorealisticendering(NPR). There are several rea-
sonswhy NPR imagesmay be betterfor someapplications:the
picturesareeasyto understandhey areeasyto display andthey do
notneedahugeamountof data[Raskaretal. 2004]. A hand-dravn
sketchcanoftencommunicateomplex coherences a betterway
thanphotorealistiictures.Sketcty (un-completedjiravingsneed
usergo mentallycompletethe pictureandaddmissingdetails.Mc-
Clouddescribesn [McCloud 1994]thatscenarioganbeexpressed

easietby usingasimple,comicstyle.

A generalovervienv of different NPR algorithms are given by

[GoochandGooch2001; Strothotteand Schlechtwg 2002]. Many

algorithmshave beendevelopedin the last decadethat createim-

ageswhich resembleart madeby humans[Gooch et al. 2002;
HertzmanrandPerlin2000]. Differentarttechniquesindstylescan
be simulated suchaspenandink [Salishury etal. 1994], hatching
[Praunetal. 2001],watercolor [Curtis etal. 1997]andimpression-
ism[Haeberli1990;Meier 1996].

Although NPR techniquesare becomingmore common,therehas
beerlittle researcltonducednto combiningAR contentwith novel

renderingtechniques.In [Haller and Sperl2004] we presenteda
non-photorealisticendereiin an AR ervironment,whereonly the
virtual objectshave beenrenderedn a painterlystyle. Fischeret
al. [Fischeret al. 2005] postulatea cartoon-like AR ervironment,
whereboththevirtual andtherealobjectsarerenderedn thesame
style. Their approachis basedon a bilateralimage Itering for

thecolorsggmentatioranda Canry-edge-detectdor thesilhouette
generation. Their work motivated us to combinethe Loose and
Sketchy algorithmwith an AR setupto achieze amorestylisticand
artisticervironment.

Anotherexampleof how the AR contentcanbe enrichedby NPR
objectsis presentedby Collomosseetal. [Collomosseetal. 2003a;
Collomosseetal. 2003b],who postulatehatanabstractllustration
of motionalsomakessensdor realmaovie sequencedn theirwork,
they enhancehe motionin movies by addingmotionlines or de-
forming real objectssothatthey seemto be moving quickly. Their
movies are impressive and corvincing, althoughtheir techniques
requireextensie pre-processing.

Our Looseand Sketcty algorithmconsistsof threedifferentsteps:
nding thesilhouetteby usingreferencémagesplurringtheimage
to achieve amorefuzzyimage,andaddingpapetrtextureto produce
amorestylisticimage.A lot of differentalgorithmshave beenpub-

lishedfor the generatiorof silhouettegSaito and Takahashil990;

Card and Mitchell 2002; Raskarand Cohen1999; Northrup and

Markosian2000]. Kowalski et al. [Kowalski et al. 1999] demon-
strateanovel silhouetterenderingechniqueo achiee anart-based
renderingof fur, grassandtrees.However, lessattentionhasbeen
given to coherentstylized silhouettes(cf. [Masuchet al. 1997;

Kalninsetal. 2003]).

In contrasto Fischeretal. [Fischeretal. 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. Consequentlyfor both
imageg(theaugmentedyirtual contentandtherealscene)ve used
differentinput to achieve the bestNPR results. So, for example,
we usedthe depth-informationto createsilhouettesof the virtual
3d objects. In addition, 3d objectscloserto the cameraviewpoint
couldbedravn with thicker silhouettelines thanobjectsthatwere
faraway. Fischersalgorithmis mainly basednedge-detectioand
it renderghe silhouetteedgein a normalway. In contrastour al-
gorithmis basednaparticlesystemwhich allows more e xibility
andresultsin amorestylisticimage.

3 Real-time Loose and Sketchy approach

The Looseand Sketcty techniqueof Curtis producesmagesthat
appeatto be dravn by hand. It automaticallydrawvs thevisible sil-
houetteedgef a 3D modelusingimageprocessingndastochas-
tic, physically-basegarticlesystem.
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Figure3: Thepipelineof thereal-timeLooseandSketchy algorithm.

Due to its compleity, the original Loose and Sketchy method
could not be usedfor real-timeapplications. To apply the same
style of renderingn real-time,we modi ed thetechniqueof Curtis
by extensvely usingmodern3D hardware—particularlythe pro-
grammablegraphicspipeline. The real-timemethodis still based
onthesameprinciplesaslaid outin [Curtis 1999],albeitwith minor
simpli cations.

In the following sectionghe stepsinvolvedin creatinga real-time
Looseand Sketcly imagearediscussed.The graphicspipeline of
thedescribedsystemis shavn in gure 3.

3.1 Preprocessing

The Looseand Sketcly algorithmsrely heavily onimageprocess-
ing, bothfor edgedetectioraswell astheblurringof thesceneThe
edgedetectionlter operate®n thedepth-luffer andtheblur Iter
manipulateghe color-buffer. To performthese Iters successfully
theappropriatebuffershave to be preparedrst.

Directrenderingo texturesusingPBufers [Wynn 2002]allows for

rapidgeneratorof thenecessargata.Oncede ned asarendertar

get,therenderingorocesslravs directly into theappropriatecolor

anddepth-huffer texturesof the PBufer—without taking a detour
over the standardon-boardframe- and depth-huffer. Afterwards
thesetexturescanbe usedjustlike normalOpenGLtextures.

3.2 Generating the reference image

Thereferenceémageholdstwo differentkinds of dataimportantfor

drawing the strokes. Firstly, it containsthe silhouetteinformation
of thesceneand,secondlya”force eld” whichis usedto placethe
strokesalongthe silhouettesBy applyingthe Sobeledgedetection
lter on the depth-luffer texture, the necessarylatacanbe found
for constructinghereferencémage.

In contrastto Fischeretal. [Fischeretal. 2005], we do not usethe
Canry lter, becauseve neededo create’force eld” vectorsto

determinghe movementof the particles.

The Sobeloperatoperformsa 2D spatialgradientmeasuremerdn
animageandthenemphasizegegionsof high spatialgradientthat
correspondo edges. Sincediscontinuitiesin neighboringdepth-
buffer valuesoccur mostly at the 3D-objects' contours,only sil-
houetteedgesanda few boundaryedgeswill bedetected—bt this
is exactly whatis neededIn [SaitoandTakahashil990], Saitoand
Takahashintroducedhow to nd boundaryedgesby taking into
accountdiscontinuitiesn neighboringsurfacenormalvalues.

The Sobeledgedetectionlter consistf a pair of 3£ 3 convolu-
tion masksshown in equationl, wherethe secondnatrixis simply
thetranspositiorof the rst one.
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The masksare appliedseparatelyto the depth-luffer, to produce
separateneasurementsf the gradientcomponentn eachorienta-
tion. Thesecomponentgarethencombinedo form a 2D vector

Theabsolutemagnitudeof this gradientvectoris usedto determine
if anedgehasbeenfound at the currentpixel position. In orderto

assertan edge,the absolutemagnitudeof the gradientvectormust
exceedade nedthresholdvalue. Thelowerthethresholdthemore
edgeghatwill befound, sincea lower magnitudeis sufcient for

"edge-quali cation"—ahigherthresholdresultsin fewer detected
edgesThe"force eld” is obtainedby calculatingunit vectorsper

pendiculatto thegradientvector

The referenceimages creationis completelyperformedinside a
fragmentshademandtheresultsof thefragmentprogramarewritten
to a texture. Therefore,the silhouetteinformationaswell asthe
"force eld” datahasto be encodedas pixel values. The pixel's
bluecomponentontainsavaluewhichdeterminesvhetheranedge
hasbeenfoundor not. If no edgehasbeendetectedhis valueis set
to 0. However, if anedgeis presentthe depth-huffer's dataof the
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Figure4: Usingthe "force eld”, new particlesare createdalong
thesilhouette.

currentpixel locationis storedinstead. This information can be
usefullateronwhendrawing thelines. Theredandgreenvaluesof
the pixel hold the x- andy-component®f the "force eld” vector
respectiely.

3.3 Drawing the outlines

The referenceimage shavs wherethe objects’ silhouettesare to
befound. The nal imageconsistf individual brushstrokesthat
aredravn alongthesesilhouettes.After calculatingthe reference
imageusinga fragmentshaderit is storedasa texture. Sincethe
referencamagehasto be accessiblevhendrawing the strokes,the
contentof thistexturehave to bereadbackinto mainmemory Un-
fortunately this"memoryread-back’is a very demandingprocess,
andis to be heldasthe scapgoatfor beingthe majorbottleneckin
thewholeapplication.

For renderingthe brushstrokes on the screenwe implementeda

specialparticlesystem.A singlestroke consistsof multiple parti-

cles, which determinethe stroke's position and course. For each
framea prede nednumberof particlesare consecutiely emitted,

andplacedrandomlyon the screen. By looking up the reference
image,we asserif the particle's positionis locatedat a silhouette
edge.If thisis notthe casethe particlegetsdeletedmmediately

If the particleis locatedon a silhouetteedge,it is de ned asthe
startingpoint of a new brushstroke. Moving somestepsfrom this
startingpoint along the direction of the previously created’force
eld”, thenext point of the stroke is derived. In a similar manney
now startingfrom the secondooint, a further point of the stroke is
determinedThis processs reiterateduntil a pointdepartfrom the
silhouetteedgeor the desiredstroke lengthis exceededcf. gure
4).

After this procedurethe particleswhich make up a single stroke
areexactly speci ed. Apart from the position,a particlestoresad-
ditional parametersvhich canbe usedto modify thevisualappear
anceof the stroke. For example,by takinginformationof the orig-
inal depth-luffer into account,more distantobjectscanbe repre-
sentedvy thinnerbrushstrokesto give hintsonthedepthconditions
of ascene.

Theprocesof generatinga singlebrushstrole is repeatedintil the
desirechumberof strokesis reachedAs soonasthe characteristics
for all strokesarede ned,they can nally bedravn ontothescreen.

We implementedhreedifferentmethodgo renderthe strokes:

1. Thestrokesarerenderedisingtexturedpolygons(cf. gure 5
(a)). Thismethoddisplayschangeén thevisualappearancef
astroke with asmoothtransitionusingmoderngraphicshard-
ware. For example,by increasinghetransparencalongthe
stroke's length,a subtlefade-outfor the brushstrokescanbe
achieved. Furthermoretheline thicknesscanbe preciselyset

by appropriatelyadjustingthe polygons'size. Anotherma-
jor advantages the possibilityof renderinghepolygonswith

texturesattachedo them.By theuseof brushtextures,amul-

titude of differentdrawing stylescanbe imitated,ascanbe
seenin table2. Thus,this approachrepresentshe mostartis-
tically versatilestyle. The silhouettesvere createcby using
normal quadstrips and attachingbrushstrokes. To guaran-
teethatthis doesnotresultin "stretchingartifacts”,the brush
stroke textureshave to be chosercarefully (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. The biggestdravbackof this methodis that smooth
transitionsof transpareng stroke width or color, cannotbe
achieved. Moreover, thelinestendto be aliasedandtherefore
they produceartifactsthat interferewith the perceptionof a
drawn style.

3. Aninterestingoptionis to usethe particlesin amorecorven-
tional manner Insteadof generatingorushstrokes,eachpar
ticle standsnits own anda bitmapis renderedatits position
(cf. gure 5(c)). A particlestaysalive for a certainperiodof
time and movesalongthe silhouetteusing the referencem-
age.Theparticleis destryedafterits time expires—notwhen
leaving the silhouette.A problemwith this approachappears
whenthe objectsin the scenemove ratherfast,causingtheir
silhouetteto changedramaticallyper frame. Sincethe parti-
clesstayon the screerfor sometime andtravel only a small
distancetheresultlagsbehindthe currentpropersilhouettes.
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Figure5: Thevariousrenderingmethodgproducedistinctively dif-
ferentresults.

Thereferencémageis computedor every singleframeto properly

re ect changesn the 3D scene.Becausef this, the brushstrokes

alsohave to beredravn in every frame. Sincethe strokesarecre-

atedrandomly they aredifferentevery time anda frame-to-frame
coherencdetweerthe brushstrokesis notguaranteed.

3.4 Blurring the background

Thetechniquepresentedofararecapableof rendering3D scenes
as pure outline drawings. In orderto createthe nal imagethe



bodiesof the sketchedobjectsare lled with color. Color provides
abetterunderstandingndallocationof thedisplayedscene.

Thecolorinformationobtainedoy a standardenderingpasssenes
asa basisfor the color Il. As discussedn 3.1 a texture waspre-
paredcontainingthe color-buffer of the renderedscene.By blur-
ring this texture, the colors appearto Il the strokes completely
despitethe fact that the strokes do not coincidewith the edgesof
the objects. This works becauseur brainsprocesscolor andedge
informationseparateljyCurtis 1999]. Blurring the color texturere-
movesthe high-frequeng informationthatwould otherwisecause
animpressiorof adoubleedge.

Theblurring is accomplishedn hardwareusinga two-dimensional
image-processindter asdescribedn [Fernanda2004,Cha. 21].

First, the color-buffer texture is blurredin one axis to producea

temporaryimage. This imageis thenblurredin the otheraxis to

producethe nal blur. This procedurgs demonstrateth gure 6.

@ B
& o | oot
@D
¢ | 8oLy o
@ o

@ (b) (c)

Figure 6: The Gaussiarblur is implementedas a two-stepopera-
tion.

By implementingthe blur as a two-stepoperation the processing
timeis reduceddramatically Thetime requiredto performabluris
dependenbn the proportionof the blur's area. Thelargerthe blur
the moresurroundingpixels thathave to be takeninto account.In
a singlepassthe areais proportionalto the blur diametersquared
(d?). This would male large-areablurs impracticalfor real-time
usage. By blurring the imagein a two-stepoperationthe costis
reducedfrom d? to 2 ¢d, which caneasily be handledby modern
graphiccards.

The sourcecodeof a Gaussiarblur using a two-stepapproachs
availablefrom the Scotopicvision Demofrom nVIDIA's SDKL. We
basicallyusedthe samecodefor creatingtheblur effectin thereal-
time LooseandSketchy renderer

3.5 Putting it together

First, the blurred color texture is renderedonto the screen. After-
wards,to enhancehe"handmade’illusion, we adda papertexture
to therendering.Finally, the brushstrokesaredravn on top of the
composedmage. All the stepsinvolvedin creatinga Looseand
Sketchy renderingarepresentedelon (andshavn visually in g-
ure3):

Lhttp://derelopemvidia.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-througl\R ervironmentavideostreanfrom acam-
erais acquiredandrenderechsa backgroundmagefor the virtual
3D objects.In orderto achieve a seamlessombinationof boththe
realandthevirtual objects andtherebyanimmersive impressiorof
a believableworld, everythinghasto be dravn in the samevisual
style.

To beableto applythebrushstrokesthatareusedfor renderinghe
3D objects'silhouettesto the backgroundmageaswell, a refer

enceimagefor therealenvironmenthasto begeneratedBy apply-
ing thesameSobeledgedetectionlter , albeitwith higherthreshold
settingsto thered channebf the backgroundmage,we areableto

createdecentsilhouetteinformation for the real ervironment. In

real-life scenariosa certainamountof noisecannotbe avoided (at
leastnotwithout prior processing)andwe have to compensatthis
aw by settinga higherthreshold.Sincethe contentsof the depth-
buffer are strictly computergeneratedthereis no needto worry

aboutnoisein the imageandwe generallyget away with a lower
threshold.

Whencreatingthe3D objects'referencémage thesilhouettenfor-

mationof therealervironmentis passedo theshadeprogram.The
fragmentshadercalculateghe objects'silhouettesandalsomeiges
bothreferencémagesnto onewhichis subsequentlysedto place
the brushstrokesontothe screen By calculatingthe silhouettef

the real and virtual imagesseparatelyand subsequentlyneging

them,we areableto control the parameter®f the edgedetection
processemdividually to achieve betterresults.

Theblurring of boththe realandthe virtual objectsis achieved by
renderingthe 3D objectson top of the acquiredvideo frame,and
processinghe two-stepblur on thatimage. After the papertexture
is blended,we draw the brushstrokesto getthe nal Looseand
Sketchy resultin anAR ernvironment.

5 Results and Discussions

Figure8 (a)shavsatraditionalAR renderedcenef anaugmented
(notrealisticrendered)pottle. Figures(b) to (d) representlifferent
stagesof the Looseand Sketcty algorithm. The installationhas
beenpresentedt thelocal city art gallery, whereabout200 people
hadthe possibility to give their feedback.lt wasinterestingto see
thatpeoplereally lovedto watchthemselesin a differentstyle (cf.
gures (d), (e),and(f)). They likedthe stylistically renderedscene
muchmorethanthe Gouraudshadedktill life. They wereamazed
by the factthatthey could not distinguishbetweertherealandthe
virtual objectswhile usinga handheldvisor.



After blurring the scene the augmentedandthe real objectswere
dif cult to distinguish.Someof the visitors criticized the factthat
thewhole scenewastoo blurred;they werethinking thatthe cam-
era's lens was incorrectly calibrated. However, the combination
with the papertexture for the backgroundgave the scenethe im-
pressiorof a painted sketchedmage.Finally, by usinga sketched
border peoplereally hadtheimpressiorof watchinga sketchedAR
ervironment.

All scenesvererenderecbn a 2.8 GHz PCwith 1 GB of memory
usingannVIDIA GeforceFX 6800with 256 MB. Theperformance
doesnot dependon the compleity of the renderednodel,thusin
our casewe achiered 16.87fps. A moredetailedoverview of the
frames-peisecondss givenin table 1, which shawvs differentsce-
nariosrenderedn the blurredstyle, addingthe sketchy silhouette,
andaddingthe backgroundgaper In thetwo testingervironments,
we useda modelwith 894 polygonsfor the rst scene(bottle ge-
ometry) and 10,182 polygonsfor the secondscene(Van Gogh's
bedroomgeometry)espectrely. Notice thatthe performancevas
measuredn combinationwith the ARToolKit for marker detection
andusingan ADS webcamdeliveringa resolutionof 640x480pix-
els at 30 fps. Oneof the biggestbottleneckswasthe ARToolKit
marker detectionlibrary, which runs on the CPU ratherthan the
GPU.

| Scenario | Shading | fps |
Add blurring 18.51
Add edges 16.95
Add paper 16.87
Add blurring 18.40
Add edges 16.80
Add paper 16.54

Tablel: The performancef sketchy-ar-usin two differentscenar
ios.

In contrastio [Fischeretal. 2005],our approactusesa completely
different methodfor renderingthe scenein a non-photorealistic
style.In ourcasethesilhouettestrokesareplacedrandomly which
itself resultsin amore”dynamic” image.This s the desiredeffect,
sinceit animateghe outcomingimageandgivesthe sceneallife 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. guaranteeinghe samelighting parametersand
light positionsasin the real ervironment). The missingshadavs,
thewronglight positionandthe correspondingvrongshading(be-
causeof the x ed OpenGLlight position)wasnever criticized by
thevisitors.

In our example,the virtual andthe realimageshave beensentin-
dividually to the LooseandSketcty pipeline. Thus,the parameters
for thesilhouettege.qg.theedgedetection)couldbecontrolledindi-
vidually to achieve betterresults.Table2 shavs somebrushstrokes
usedfor thesilhouetteandthe correspondinglose-upof the stylis-
tic renderedmage.

One problemwith our renderingapproachoccurswith the usage
of the depth-luffer for the silhouettedetection. Long dravn-out
surfacespointing towardsthe usercan causeunwantedsilhouette

(@) (b)

Figure7: Unwantedsilhouettesnight occurin long dravn-outsur
faces.

detectioninsidethe surface. This is becausehe depthinformation
insidethe shapechangesxtremely which resultsin depthlayers,
interpretedassilhouettegcf. gure 7).

6 Future Work and Conclusion

In this paper we have presenteda real-timeversionof Curtis' al-
gorithmfor renderingAR imagesin a LooseandSketcty style (cf.
[Curtis 1999]). By usingmoderngraphicshardwareandhigh-level
shaderdanguagesthe processs fastenoughto be appliedin real-
time AR ervironments NPRin anaugmente@nvironmentcanbe-
comemoreandmoreimportant,especiallyfor artisticapplications:
by makingimagedook lessphotorealisticartistsenableaudiences
to feelmoreimmersedn avirtual world [McCloud 1994]. Our pri-
mary interestwasto enablethe useof real-timestylizedrendering
to createa morecompellingandinterestingervironment.

Oneproblemof our proposedalgorithmwasthe lag of stylizedsil-

houetteswith arobustframe-to-framecoherenceThe” ick ering”

effect, asit was proposedby Curtis, can becomedisturbingonce
the objectsaremoving fast. The particle position,which is calcu-
lated randomlywithin the silhouettepath, hasto be chosenmore
carefully from one frameto the other Kalnins et al. proposed
in [Kalnins et al. 2003] one possiblesolutionfor propagting the

parametrizatiorfrom strokesin one frameto strokesin the next.

We wouldlike to combinethesepresenteddeaswith ouralgorithm
to achieve morecompellingresults.

Moreover, we want to adaptour algorithm not just on the whole

frameandrenderboth the realandthe virtual contentin the same
style. We believe thatin somecasest makesmoresenseo render
just partsof the scenarioin a non-photorealisticstyle to enhance
regionsof thescenario.

Finally, we want to starta formal usability studyto get feedback
whatpeopleaxpectfrom AR in combinatiorwith NPR.Peoplehave
awide differentview regardingthe bene ts of a non-photorealistic
rendered?\R scenariandit wouldbeinterstingto nd outin which
sensdt in uencesthevisualperception.



(a) Gouraudrenderedmage. (b) Blurredcoloredimage.

(c) Combinatiorof colorandpapertexture. (d) Adding particlerenderedutlines.

(e) Thestill life without papertexture andshadingcolor. (f) Still life with papertexture but no shadingcolor.

Figure8: Differentscenariaesultsincludingsomestepsof the renderingprocesf sketchy-ar-us.



Table2: Differentbrushtexturesfor the strokesresultin differentappearancesf the scenario.
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