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Abstract

We present an interactive technique for generat-
ing halftoninganimationsin image space. We speci�cally
considera halftoningapproach that usesscreeningmeth-
odsto achieveshading, brightness,and texture by placing
varying patterns. Our technique transports the screen-
ing patterns in a frame-to-frame coherent manner ac-
cording to the velocity of each fragment on the im-
age plane. We show how the algorithm is mapped to
programmable graphics hardware to achieve interac-
tive frame rates. Our approach can be used for any
screening-basedhalftoning technique, and therefore dif-
ferentnon-photorealistic image-spacerenderingstyles,in-
cluding dithering, screening, stippling, and hatching, can
be utilized to generate real-time frame-to-frame coher-
entanimations.

1. Intr oduction

Generatingdrawings usingdifferentpatternsto convey
shadingand texture is an effective and widely usedtech-
nique.Thesemethods,namedhalftoning [21], simulatea
wide color spectrumwith only a few discretecolor values.
In termsof non-photorealisticrendering(NPR),halftoning
is appliedto introducepatternsin the drawing in order to
achieve a clearerandmorepleasantdisplaystyle. For ex-
ample,many illustrationsin textbookson archaeologyor
medicalsciencearedrawn in a stipplingstyle,evenif pho-
tographsof goodquality areavailable.Thepresentedtech-
niqueusesscreeningasthebasisfor halftoning,wheredif-
ferenttonesarerepresentedthroughprede�nedpatternsor
�gures [12].

For the automatic generationof halftoning images,
two possibleapproacheshave evolved: halftoning in ob-
ject spaceasillustratedby Freudenberg et al. [3] or Praun
et al. [14], and halftoning in imagespaceas,e.g.,shown
by Secord [16]. Both approacheshave speci�c advan-
tagesanddisadvantages.

In object-spacemethods,frame-to-framecoherencecan
quite easilybe achieved by attachingthe halftoningstruc-
tureto sceneobjects.In thisway, halftoningpatternsalways
movewith theircorrespondingobject,andthereforetempo-
ral coherenceis preserved. Typically, halftoning elements
arestoredin the form of a texture; texture coordinatesare
speci�ed in a way to “glue” thesetexturesontotheobjects,
therebyautomaticallylinking thehalftoningfragmentswith
the object surface[3, 14]. In pen-and-inkillustrationsthe
halftoningfragmentsareoftendrawnbeyondtheobjectbor-
dersto achieveamorenaturaldrawing style.Approachesin
objectspacecannoteasilyful�ll thisdemand,asthehalfton-
ing processis restrictedto the objectsurface.Moreover, a
prerequisitefor object-spacemethodsis a 3D scenewith
adequatelyassignedtexturecoordinatesandthereforeinput
datawithout theinformationof thecomplete3D scenecan-
not be processed.Another importantdrawbackof object-
spacetechniquesshows up for screeningillustrations.A
screeningprocessof thecompleteimageplaneis notpossi-
ble, asscreeningis appliedseparatelyfor eachobjectsur-
face.Moreover, the occurrenceof the screeningpatterns
shouldbe independentof the objectscaleandorientation,
which is hardto achieve in object-spaceapproaches.

Conversely, image-spacetechniquesovercomemany re-
strictions of object-spacemethods.The halftoning frag-
mentscaneasilycrossobjectborders,asthehalftoningop-
erationis performedin theimageplane.Often,image-space
algorithmsrely only on 2D informationand,therefore,can
also be appliedto video sequences.In contrastto object-
spacemethods,image-spaceapproachescan easily meet
the requirementthat screeningpatternsarerenderedinde-
pendentlyof the object scaleor orientation.On the other
hand,themainproblemfor image-spacemethodsis how to
maintaintemporalcoherencesince,in general,thehalfton-
ing processis independentof theobjects.

In this paper, we addressthe issueof frame-to-frame
coherenthalftoning in image spacein order to preserve
theadvantagesof image-spacetechniquesfor animatedse-
quences.We presenta renderingtechniquethat transports
the halftoning structuresin imagespaceaccordingto the



motionof theunderlyingobjects.It is capableof generating
time-coherentanimationsof all halftoningtechniquesthat
arebasedon gray-scalemappingsby a underlyingscreen-
ing matrix. Thereforemany displaystylessuchasordered
dithering [18], clustereddot screening[19], or void and
clusterscreening[19] can be implemented.Additionally,
stippling[16] or hatching[3] illustrationscanbesimulated
with appropriatescreeningmatrices.Moreover, it is demon-
stratedthattherenderingalgorithmcanbemappedto graph-
ics hardware,ensuringthegenerationof non-photorealistic
animationsin realtime.

The remainderof this paperis organizedasfollows. In
Section2, we review previouswork. Themainalgorithmis
describedin Section3. A discussionof theimplementation
andresultsfollowsin Sections4 and5. Thepaperendswith
ashortconclusionandanoutlookonpossiblefuturework.

2. PreviousWork

The�eld of NPRmethodshasbeenanactive areaof re-
search;anoverview canbefoundin thetextbooksby Gooch
andGooch[4], StrothotteandSchlechtweg [18], andin the
SIGGRAPHCourseonNPR[5].

Mostpreviouswork is focusedonimitatingvariousartis-
tic drawing styles for still images,while we restrict our
overview on previouswork to topicsdirectly relatedto this
paper:pen-and-inkstylesandhalftoningwith the focuson
animatedrenditions.Secord[16] presentsa methodto gen-
eratestippledrawings,wherethepointsaredistributedac-
cordingto a Voronoi diagram.An interactive techniqueis
also mentioned,wherethe areafor eachpixel is mapped
to a precomputedpoint distribution accordingto the inten-
sity. Jodoinet al. [8] describea systemthat generatesse-
quencesof strokesfrom aninitial trainingsequence.An ap-
proachfor screeningvisualizationsby Ostromoukhov and
Hersch[12] usesasetof prede�ned�gures andinterpolates
thecontoursof thesefor all intensityvalues.

Another�eld of researchspeci�cally addressestheprob-
lem of generatingNPR animations.Freudenberg et al. [3]
proposea conceptto generateinteractive NPR animations
in objectspaceusinggraphicshardware.Praunetal. [14] in-
troducetonalart maps(TAM) for hatchingin objectspace.
Theseprecalculatedmip-mapstroke texturesdirectly ad-
dressthe problemof maintainingcoherenceacrossscales
andobjectorientations.

MeruviaPastorandStrothotte[9] describean approach
for frame-coherentstippling in objectspace.Secordet al.
[17] redistribute an initial point arrangementthrough a
probability densityfunction (PDF), derived from a single
input image, to achieve frame-coherentstippling anima-
tions.Cunzi et al. [1] presentan image-spaceapproachto
animatethebackgroundcanvasin NPR illustrations.They
usea limited set of transformationsto animatethe back-

groundpaperaccordingto the cameramovements.Ostro-
moukhov andHersch[13] presenta techniqueto generate
a large stochasticdither matrix to generatestippling illus-
trationsthrougha screeningprocess.In an earlierpublica-
tion by Ostromoukhov [11], randomspatialstructuresare
usedaspointprimitivesandrenderedwith ascreeningtech-
nique.

For the image-spacemethod of this paper, we adopt
the conceptof a G-buffer asproposedby SaitoandTaka-
hashi[15]. TheG-buffer generalizesthe framebuffer to al-
low for an extendedset of attributesper pixel. Theseat-
tributesmayincludecolor, depth,normalvector, textureco-
ordinates,and even more complex parameters.The �nal
renderingstepusesonly theseattributesof the intermedi-
ateG-buffer for generatingtheresultingimage.

The transportof halftoningpatternsis accomplishedby
texture advection.Texture advectionwasoriginally devel-
opedfor visualizingvector�elds. Recently, Jobardetal. [7]
and van Wijk [20] have presentedvariantsof texture ad-
vectionspeci�cally designedfor time-dependent�o ws.Our
implementationmakesuseof the GPU-basedversion[22]
of Jobardetal.'sapproach.

3. Algorithm

3.1. Overview

Screeningtechniquescombinea gray-scaleor color im-
agewith an underlyingscreeningmaskto obtainthe �nal
rendering.Figure1 shows a typical examplefor a screen-
ing technique—thresholdscreening.Here,thegrayvalueof
a fragmentfrom theoriginal pictureis comparedto entries
in ascreeningmatrix.The�nal pixel is blackwhentheorig-
inal grayvalueis below thecorrespondingentry, otherwise
white. Otherscreeningapproachesmay usemorecompli-
catedwaysto determinethe color of the �nal pixel. How-
ever, in thresholdscreeningthescreeningmask,whichcov-
ersthe completeimagespace,is decomposedinto smaller
matrices.Thesescreeningmatricesarelocatedonauniform
grid, �lling the screeningmask.Thus,the positionof ele-
mentsof thescreeningmaskis independentof themotionof
theunderlyingscene.Therefore,previously known screen-
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Figure 1. Threshold screening technique .
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Figure 2. Advection of a screening matrix.

ing techniquessuffer from the“shower dooreffect”, where
objectsof thesceneappearto swim throughthetexture.

To overcomethis fundamentaldrawback of such an
image-spacetechnique,we proposean approachthat ad-
vectsthe screeningmaskin imagespaceaccordingto the
velocityof eachpixel in theimageplane.In thisway, acou-
pling of thescreeningmaskandthemoving objectsof the
sceneis established.Figure 2 shows two snapshotstaken
from arotatingcubeto illustratehow asinglescreeningma-
trix is moving with theunderlyingobject.Theimage-space
velocitiesof thefragments—inthecontext of computervi-
sion also referredto as optical �o w [5, 6]—can either be
calculateddirectly from the3D scene,for example,by us-
ing rigid bodykinematics,or they arecomputedfrom video
sequences[6]. In both variants,the G-buffer framework is
extendedby an additionalattribute to provide the velocity
of fragmentswith respectto theimageplane.

The following issuesareintroducedby an advectionof
the screeningmask.First, screeningmatricesmay move
to positionsthatareno longeralignedwith theunderlying
grid, which is shown in theright imagein Figure2. A sec-
ondproblemiscausedby velocity�elds thatcontainregions
of divergence,convergence,anddiscontinuity.For example,
divergenceandconvergenceappearin thecaseof a rotating
objector camerazoomingduringtheanimation;discontinu-
itiesshow upatobjectborders.In theseareas,in thefollow-
ing referredto asdistortionareas, thevelocity �eld causes
distortionsin the screeningmaskif only a simple advec-
tion is performed.In addition,thespatialfrequenciesof the
maskmightchange.

Stateddifferently, image-spaceadvection of screening
masksis subject to the following contradictingrequire-
ments:(1) screeningmatricesshouldhaveequalsizeandbe
alignedto anunderlyinggrid, (2) screeningmatricesshould
accuratelyfollow themotionof theobjects.Sincethereisno
optimal solutionfor both requirements,we proposea way
to combinethesolutionsfor bothaspects.

We introducemultiple screeningmasksto realize the
above requirements,eachwith the samesizeasthe image
plane:(1) a static,non-advectedmask C, which accounts
for screeningmatricesalignedto theunderlyinggrid; (2) a
screeningmaskS, whichis advectedto follow themotionof
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Figure 3. Combining the diff erent masks.

theobjects;and(3) a so-calledblend-inscreeningmaskB,
usedto couplethe above two masksandmake possiblea
smoothinsertionof new screeningmatrices.Figure3 illus-
tratesthe differentmasksandhow they arecombinedfor
thegenerationof the�nal image.

Mask Sis advectedsolelybasedon thevelocitiesof the
sceneobjects.Whenever the artifactscausedby distortion
areasbecometoo large, new elementsof the mask C re-
placetheseregionsof S. The blend-inscreeningmaskal-
lowsthesenew elementsto beblendedin smoothlyandthus
eliminatespoppingartifacts.In the actualimplementation,
masksC and B are not combinedto form anothermask;
ratherbothareappliedto renderintermediatehalftoningim-
agesthatareafterwardscombinedto the�nal image.

The completeprocesscanbe split into threemain cal-
culationpaths:calculationof the�nal image,updateof the
blend-inscreeningmaskB, andupdateof screeningmaskS.
Figure4 illustratesthe�o w chartfor thecombinationof all
threetasks.In thefollowingsubsections,thedetailsof these
threestepsarediscussed.

3.2. Calculation of the Final Image

To generatethe �nal image,the resultsof thescreening
processwith the mask S and the blend-in mask B have
to be combined.Therefore,eachfragmentof the screen-
ing mask S hasan appendedstatusinformation that con-
sistsof the total advectiondistancein x- and y-direction.
Eachtimethefragmentis advected,thesedistancecounters
areupdatedaccordingly. Thescalefor thecountersarecho-
senin away thatanabsolutevalueof 1:0 correspondsto an
advecteddistanceequalto theextent of the screeningma-
trix in this direction.Additionally, the blend-in screening
mask B holdsa timer that is incrementedeachframeand
thusre�ects theageof thefragmentin the B mask.A timer
valueof 1:0 correspondsto themaximumageof afragment.
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Figure 4. Calculation scheme for one time step of an animation.

Themaximumof thesevaluesis calculatedto determinethe
weightfor blendingtheresultsof thescreeningmaskS and
theblend-inmaskB. Thisensuresthatthefragmentis com-
pletelyblendedwhenit haseitherbeenadvectedby thesize
of onescreeningmatrix in x- or y-directionor themaximum
timefor theblendinghaselapsed.Thetimerrestrictsthedu-
rationof theblendingprocessto a user-speci�edthreshold,
while thedirectioncountersacceleratetheblendingdepend-
ing on theadvectionvelocity.

3.3. Updateof the Blend-In ScreeningMask

The �rst step for this part of the algorithm advects
theblend-inscreeningmaskB accordingthevelocity val-
uesin the G-buffer attribute and incrementsthe timer for
each fragment.A backward Lagrangian-Eulerianadvec-
tion (LEA) scheme[7] is appliedto transportelementsof
B by displacingthem at eachtime step.LEA makes use
of nearest-neighborsampling in the backward advection
lookup to maintainthe contrastof the original input tex-
ture and to preserve the structureof the screeningmask.
Unfortunately, a straightforward implementationof advec-
tion with nearest-neighborsamplingwould resultin anan-
imation that is partitionedinto regionsof constantmotion,
within which the integer part of the displacementis con-
stant.This unpleasantquantizationof the velocity vectors
is describedin more detail in [7]. Fractionalcoordinates
areusedto overcomethis problem:Theseadditionalcoor-
dinatesdeterminethesubtexel positionof eachelementof
theinput textureandareupdatedfor eachtimestepaccord-
ing to thevelocity �eld. In thisway, subtexel motionis pos-
sibleandtheanimationis no longerpartitionedinto regions
of quantizedvelocities.

Theprimarypurposeof theblend-inmaskis to detectthe
distortionregionsin thevelocity�eld andschedulethesefor
a replacementin the blend-inmask B with new matrices

from thestaticscreeningmaskC. As a measurefor thedis-
tortion,thedifferenceof thevelocityatthecurrentfragment
positionandatthepreviouspositionis considered.Unfortu-
nately, thevelocity �eld cancontaina wide rangeof veloc-
ity valuesandthereforesimplethresholdsfor �nite differ-
encesarenot appropriate.Thus,our implementationactu-
ally computestheratio of bothvelocities.If theratio is be-
low a givendivergencethreshold,the fragmentis assumed
to be locatedin a divergenceregion andthereforemarked
for an overwrite with the staticscreeningmaskC. A ratio
abovetheconvergencethresholdalsoinitiatesaoverwriteof
thefragment.Additionally, thedistancecountersareexam-
ined to checkwhetherthe fragmenthasbeenadvectedfor
morethantheextentof thescreeningmatrix,whichalsoini-
tiatesanoverwriteby thevalueof thestaticscreeningmask
C.

To ensurethat only completematricesare inserted,the
distortionregionshave to be exactly alignedwith the lay-
out of the static screeningmask C as shown in Figure
5. All fragmentsof a newly insertedscreeningmatrix re-
ceive an initial valueof 0:0 for both the timer andthedis-
tancecounters.Along thesubsequentframes,thecontribu-
tion of theblend-inscreeningmaskB to the�nal imagein-
creasesmonotonically, dependingon the distanceand the
timer value,until oneof thevaluesreaches1:0 andthe in-
formationof theblend-inscreeningmaskB of thecurrent
fragmentis transferredto thescreeningmaskS.

3.4. Calculation of the ScreeningMask

For eachframe, the screeningmask S is advectedac-
cordingto thevelocity valuefor eachpixel. Dueto thedis-
tortion areasin the velocity �eld the advectedscreening
maskS containsareasin which thescreeningmatricesare
skewed. The methoddescribedin Section3.3 insertsnew
matricesin theblend-inscreeningmaskB to smoothlyre-
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Figure 5. Alignment of the inser t mask to en-
sure complete matrix inser tion.

placethe distortedmatricesin the screeningmask S over
a coupleof frames.Therefore,duringthecalculationof the
screeningmask S it is only importantto detectwhen the
blend-inscreeningmask B hasbeencompletelyblended.
Thenthescreeningmatricesarecopiedfrom themaskB to
thescreeningmaskS.

4. Implementation

Our implementation is based on C++ and Di-
rectX 9.0 [10]. The G-buffer framework utilizes the
render-to-texture functionality of DirectX to store the
G-buffer attributes of eachpixel in textures. The veloc-
ity attributestoresthevelocityin screenspacemultipliedby
theframe-to-frametime,which yield thedistancethefrag-
mentmovesin onetime step.For rotatingobjectsthemag-
nitudeof the velocity nearthe rotationcenteris very low,
whereasthe velocitiesfurther away from the rotationcen-
tercouldbeveryhigh.Thusthevelocity �eld couldcontain
a hugerangeof thevalues,andfor that theG-buffer usesa
texture format with 32-bit �oat valuesin eachcolor com-
ponentto storedistances.Our image-spacerenderingal-
gorithm usesthe Pixel Shader2.0 functionality through
the DirectX effect �les feature[10]. A similar implemen-
tation basedon OpenGL can be achieved via the CgFx
framework [2].

For thecalculationof the�nal imagethescreeningtech-
nique is appliedseparatelyfor the screeningmask S and
theblend-inmaskB. We usescreeningpatternsthatencode
thresholdsin textures,andapply a smooththresholdfunc-
tion [3] to evaluatethe screening.The resultsareblended
accordinga factor f , which is calculatedfrom the maxi-
mumof thetimer andthetwo distancecountervalues,and
�nally written to the framebuffer. If f is greaterthan1:0,
theblend-inmaskhasalreadybeencompletelyblendedand
copiedto the screeningmask S. In this casethe blend-in
screeningmaskhasno contribution to the �nal imageand
only theresultof thescreeningwith themaskS is applied
for the�nal image.

During theupdateof theblend-inscreeningmaskB the
distancevaluesareusedto apply a hardware-basedback-

ward texture advection [22] to the mask,utilizing depen-
denttexturelookupsandmaintainingfractionalcoordinates.
Theextra informationfor the timer andthedistancecoun-
tersfor eachfragmentareencodedin the freecomponents
of the blend-in maskand calculatedas describedin Sec-
tion 3.2duringtheblend-inscreeningmaskupdate.

Additionally, thedistortionareashave to bedetected,by
computingthe ratio of theG-buffer's distancevalueat the
positionin thepreviousframeto thedistanceat thecurrent
position.If the ratio is below the divergencethreshold,in
the implementationwe used0:3, thecurrentfragmentwill
beregardedasdistorted,adifferenceabovetheconvergence
threshold,in theimplementation1:1 is used,alsomarksthe
fragmentasdistorted.Thetotaladvectiondistanceof afrag-
mentis usedasa third criterionto determinea distortion.It
is comparedto the correspondingextent of the screening
matrix in eachdirection.If the advectionexceedsthe ma-
trix dimensionin eitherdirection, the fragmentis consid-
eredto bedistortedandis scheduledfor anoverride.

In a subsequentrenderingpass,thesizeof thesedistor-
tion areasareenlargedto �t thesizeof a screeningmatrix,
which is illustratedin Figure5. Therefore,a rendertarget
with thesizeof the imageplanedividedby thesizeof the
screeningmatrix is used,whereeachfragmentcorresponds
to onescreeningmatrix in the imageplane.To determine
whethera fragmentof thedownsizedrendertargethasto be
setasdistorted,all fragmentsof thecorrespondingscreen-
ing matrix in the imageplaneshouldbe testedif at least
oneof themis marked.To accessall fragmentsof an8� 8
screeningmatrix 64 texture lookupsare needed,which is
morethanmostof today's hardwarecanprovide. Theval-
uesto bereadarebinary�ags of 0 or 1. To determineadis-
tortion of a fragmentin thedownsizeddistortionmaskit is
enoughto know if at leastonefragmentof thecorrespond-
ing screeningmatrix is marked as distorted.Bilinear tex-
ture�ltering accessesa2� 2 blockof texelswithin asingle
texturelookupoperationandcombinesthefour valuesto a
singleinterpolatedvalue.It is suf�cient to checkthis result
against0 to determineif at leastonetexelhasavaluegreater
than0. Thereforeonly 16 texture lookupsarenecessaryto
calculatethe enlargeddistortionareafor a 8� 8 screening
matrix.For very big screeningmatricesa hierarchicalmul-
tipassapproachcanbeapplied,wherebyeachpassreduces
thenumberof fragmentswhich mapto a screeningmatrix
until onefragmentmapsto onematrix.

In an additionalpassthis rendertarget is resizedto the
output resolution using nearest-neighborsampling.Now
eachareaof distortionis alignedwith thesizeof thescreen-
ing matrix and,dependingon theinsertionmask,eitherthe
advectedvalueof theblend-inscreeningmaskfrom thepre-
viousframeis usedor anew valueis insertedfrom thestatic
screeningmaskC.

In theupdateprocessof thescreeningmaskS anadvec-



tion is performed,exactly in thesamewayasfor theblend-
in mask.Afterwardsthe distancecountersand the timer,
whicharestoredin theblend-inmaskB, arecheckedif one
of themexceedstheirmaximumof 1:0,whichwill initiatea
copy of thescreeningmaskvaluefrom theblend-inmaskB
to thescreeningmaskS. Thistransferof thescreeningvalue
is alsotriggeredif the fragmentof theblend-inmaskB is
scheduledfor anoverridewith thestaticmaskC, sinceoth-
erwisethecontentof thescreeningmaskB would belost.

5. Results

Figure 7 shows a sequenceof a rotating car in a
computer-generated animation. For these renderings,
the velocity at eachvertex of the meshis evaluatedus-
ing rigid body kinematicsin objectspaceandprojectedto
the imagespace.The linear interpolationof the vertex at-
tributeswithin eachpolygonof themeshis usedto calculate
the velocity of the fragments.The illustrations demon-
stratea scaleandorientationindependentrepresentationof
thescreeningpatternsover theentireimageplane.Thecor-
respondenceof the screeningpatternsare shown in the
two enlargedpartsat the bottomof the �gure. They indi-
catethat the motion of the screeningpatternsis coherent
with the motion of the underlyingscene.In areasof ex-
treme distortion at the left side of the car, somescreen-
ing matricesarestill distorted.In thesecasesit is hardfor
the algorithm to decidewhetheran advection of the ma-
trix or a replacementshouldbeperformed.

Figure6 depictsarotatingpot.Thissequenceshowsthat
thepatternsof thescreeningalgorithmfollow thetextureof
the pot while it rotates.This scenecontainsmuchlessse-
veredistortionsareas,which leadsto betterresultsin theil-
lustrationof thescreeningpatterns.

Furthervideo materialcanbe accessedvia the internet
at http://www.vis.uni-stuttgart.de/� eissele/eguk04/ on our
project pageto demonstratethe frame-to-framecoherent
screeningalgorithm.

Table 1 shows the measurementof the frameratesin
frames per secondfor different screenresolutions.The
framerateswith and without the generationof G-buffer
attributesare displayed,i.e., the last row shows the per-
formancenumbersfor the screeningmechanismitself. As
testsysteman AMD Athlon 1.4 Ghz systemwith an ATI
Radeon9700 PRO graphicsadapterwas used.The scene
usedfor measuringwasthecarmodelof Figure7.

6. Conclusion

We have presentedan approachfor frame-to-frameco-
herentscreeningin image space.The appearanceof the
screeningpatternsare independentof camerazoom, ob-
ject scale,and object orientationand the systemadvects

Viewport size 256� 256 512� 512 1024� 1024
with G-buffer 238 65 16.4
withoutG-buffer 295 68 18.6

Table 1. Framerates in frames per second.

the screeningmatricesin order to link the screeningma-
trices with the object surfacesto maintain temporalco-
herence.The methodis targetedfor an implementationon
programmablegraphicshardware,which leadsto real-time
framerates.Sincethe input to our techniqueonly requires
theintensityandthevelocity in imagespace,our approach
is alsoapplicableto videosequences.Theproposedmethod
canalsobeappliedto solveother, similarproblemsas,e.g.,
statedby Cunziet al. [1]. Thus,othertechniquescouldalso
bene�t from ourapproachandachievebetterresults.

In future work, the systemcould be extendedby a bet-
terpredictionwhenandwherenew screeningmatriceshave
to beinsertedinto theblend-inscreeningmaskto achievea
betterimagequality. Additionally, a greatervarietyof pen-
and-inkrenderingstylescouldbeimplemented.
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Figure 7. Sequence of a computer -generated animation.


