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Figure1: Generatingmangabackgroundfrom a real photograph.A commercialsoftware(a) adoptsthe halftonetechniqueandpresents
a uniform screeningresult. (b)&(c) areour resultswith two differentparameters.They differentiatethe chromaticityin the original color
photograph(d) usingthevarietyof screens,while preservingthetone.Both (b)&(c) exhibit 5 typesof screens.

Abstract
Dueto thetediousnessandlaborintensivecost,somemangaartists
have already employed computer-assistedmethodsfor convert-
ing color photographsto mangabackgrounds.However, existing
bitonal imagegenerationmethodsusually produceunsatisfactory
uniform screeningresultsthat are not consistentwith traditional
mangas,in which the artist employs a rich setof screens.In this
paper, we proposea novel methodfor generatingbitonal manga
backgroundsfrom colorphotographs.Ourgoalis to preservethevi-
sualrichnessin theoriginalphotographby utilizing notonly screen
density, but also the variety of screenpatterns. To achieve the

goal,weselectscreensfor differentregionsin orderto preserve the
tonesimilarity, texturesimilarity, andchromaticitydistinguishabil-
ity. The multi-dimensionalscalingtechniqueis employed in such
a color-to-patternmatchingfor maintainingpatterndissimilarityof
the screens.Userscancontrol the mappingby a few parameters
andinteractively �ne-tune theresult. Several resultsarepresented
to demonstratethe effectivenessandconvenienceof the proposed
method.

Keywords: Non-photorealisticrendering,manga,multidimen-
sionalscaling,screening.

1 Intr oduction
Japanesecomic,or manga,is apopularart form andmediumof en-
tertainmentovertheworld. It is uniquein its elegantuseof rich sets
of screens,andatidy and�ne drawing style.Screeningrefersto the
processof laying pre-printedpatterns(canbe regularor irregular)
over a region. Mangaartistsusuallylay screensnot solelyaccord-
ing to shading(tone),but alsothetexture,materialproperty, or even
thechromaticityof theunderlyingsurfacebeingexpressed.Sucha
screeningprocessis tediousand labor intensive. The situationis
evenworsefor complicatedbackgrounds[Nagatomo2003].

To save time and cost, someartists have alreadyadoptedcom-
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Figure2: The screenspace.Apart from tonevariety, anotherdi-
mensionis thetextureor pattern.

puter techniquesto convert color photographsto mangaback-
grounds,suchashatching(Figure3(b)), halftoning (Figure3(c))
and commercialsoftware (Figure 1(a)). However, all thesepro-
duceinconsistentstyleandunsatisfactoryresultscomparedto tra-
ditional manga,as existing methodssolely accountfor the tone
reproduction. Note that the bitonal screensoffer not only the
1D tone density, but also the variety of patterns(Figure 2). In
other words, the screenspaceis 2D in nature. Mapping the in-
put color imageto grayscaleusing sophisticatedtechniquessuch
as,Color2Gray[Goochet al. 2005] (Figure3(b)), doesnot really
tackle the 2D screenselectionproblemas the mappedgrayscale
imagegivesno hint on the selectionalong the patterndimension
(theverticalaxisin Figure2).

We proposea novel color-to-pattern method to select manga
screenswith thegoalof preservingthreefactors:chromaticitydis-
tinguishability, texture similarity, and tone similarity. While the
tonesimilarity is trivially preserved by matchingwith the density
(the horizontalaxis in Figure2) of eachpattern,our corecontri-
bution is on thepreservationof chromaticitydistinguishabilityand
texturesimilarity. Thepatternvariety(theverticalaxisin Figure2)
providesuswith anew dimensionfor distinguishingthechromatic-
ity in theoriginal photographs.For instance,we canrepresentred
andorangeregions in the original imagewith two closepatterns,
while theredandblueregionscanbeexpressedwith two dissimilar
patterns.

To do so,we projectthepatterns(with thesamedensity)from the
high-dimensionaltexture featurespace(24D asdescribedin Sec-
tion 4.2) to 2D (samedimensionalityasthechromaticityspace)via
multi-dimensionalscaling(MDS). The2D projectedpatternspace
andthe2D chromaticityspacearethenmatchedby optimizingthe
texture similarity. As shown in Figures1(b) & (c), the screening
resultsnot only preserve the tone,but alsodifferentiatethe chro-
maticity as in the original photograph.In addition,we developed
a systemthatallows usersto interactively controland�ne-tune the
results.In therestof thepaper, we presentseveralresultswith rich
screensthatarecomparableto realmangapiecesby artists.

2 Related Work
Bitonal Image Generation A straightforwardway to produce
bitonalimagesfrom grayscale/colorphotographsis halftoning(Fig-
ure3(c)). It exploits thespatialintegrationof humanvision to ap-
proximatethe intensityover a small local region with only black
andwhitepixels[Knuth 1987;Floyd andSteinberg 1974;Ulichney
1987; Jarviset al. 1976]. As artifact patternsmay appear, some
techniques[Velho and Gomes1991; Naimanand Lam 1996] try
to reducethe artifact patternsby adjustingthe scanningpathover
theimage.To preserve theedgesduringhalftoning,Knuth [1987]
enhancesedgesin a preprocessingstep.VelhoandGomes[1995],

(a) Original

(c) Halftoning

(b) Hatching from Color2Gray

(d) Our method (6 screen types)

Figure3: Comparingto thehatchingin (b) andthehalftoneresult
in (c), our result (d) is moreconsistentto the style of traditional
manga.

andBuchananandVerevka[1995]approximateedgeregionsby re-
arrangingthe clustersaroundedges.Recently, Panget al. [2008]
preserve the�ne structureby optimizingthestructuresimilarity.

Hatching is anothertechniqueto producebitonal images(Fig-
ure 3(b)). Winkenbachet al. [1994] generatedpen-and-inkil-
lustrationsby renderinga geometricscenewith prioritized stroke
textures. A user-speci�ed “detail indication” canbeusedto high-
light complex texturesandminimizeclutter. Salisbury etal. [1997]
usedirection�elds to guidethe orientationof strokes. Durandet
al. [2001] suggesta thresholdingmodelof strokesthatcanexpress
a rich setof stroke styles(suchaspencil, charcoal,engraving) to
assistartistsin achieving variousstyles. Grabli et al. [2004] im-
provethecluttercontrolof linesby estimatingtheline density. This
predictsthevisualcomplexity beforerenderingandallows simpli-
�cation.

Imagesgeneratedby halftoningandhatching,containingmoreor
lessuniform patterns,may appearmonotonousto the reader;tra-
ditional mangainsteadusesa wide varietyof screensto enrichthe
viewing experience.Our proposedmethodutilizes the variety of
patternto preservethechromaticitydistinguishabilityaswell asthe
toneandtexturesimilarities.

Perceptual Preser vation Goochetal. [2005]proposedatech-
niquefor convertingcolor to grayscalesothatperceptualcolorcon-
trast can be maintainedduring the conversion. Their methodis
basedon an iterative optimizationmethodto adjustgray valueat
eachpixel. Mantiuk et al. [2006] suggesteda generalframework
for perceptualcontrastprocessingof many kindsof imagesinclud-



ing HDR images.Theseapproachesaimatreproducingthecontrast
in theoriginalgamutto a gamutwith a reduceddimensionality.

In contrast,our work of color-to-patternis an attemptto main-
tain theperceptualdifferenceamongcolorsduringtheselectionof
screens.Note that thereis no standardway to quantify the per-
ceptualdifferenceamongscreens.In fact,thepreservationcannot
evenbeachievedin a pixel-wisemannerasthepatternis not a sin-
glepixel, but a neighborhoodof pixels.

3 Overview
Traditional mangaproduction starts with drafting outlines and
structurallines. Then,detail lines areaddedandinked to �nalize
the line drawing. Basedon the inked lines, mangaartistsusually
selectappropriatepre-printscreensheetsto �ll regionsin orderto
expressshading,tone,texture,or atmosphere.Figure4 shows the
typicalwork�o w of traditionalscreening.Theartistmayhaveto lay
screenson many regionsby carefullycarvingout alongtheregion
boundary(Step2). The taskis rathertediousandlabor-intensive,
especiallywhenlargeamountof irregularregionsexist.

Given an input color photograph,our proposedmethodaims at
automatingthe screenselectionprocesswith the goal of richness
preservation andstyle consistency to traditionalmanga. The sys-
tem startsby segmentingthe photographinto regions. Then, the
systemcanintelligently provide theoptimalassignmentof screens
for differentregions. This is doneby �rst projectingtheavailable
patternsfrom high-dimensionaltexture featurespaceto the low-
dimensionalcolor space,andthenoptimizingtexturesimilarity. In
addition,usersarestill ableto controland/oroverridetheselection
of screensvia simply tunninga few parameters.

Figure4: Thetypicalwork�o w for screeningin mangaproduction.

4 Screening
4.1 Segmentation
As screensare laid over regionsratherthan individual pixels, we
�rst identify regionsin the input referenceimage.We performthe
segmentationusingmean-shift,which is a non-parametriccluster-
ing techniquebasedon theanalysisof a complex multi-modalfea-
turespaceanddelineationof arbitrarilyshapedclusters[Comaniciu
andMeer 2002]. With a kernelmeasureof the distancebetween
pixels, it robustly producesnoise-reducedsegments. The mean-
shift segmentationresult is usuallyover-segmented,which is ob-
viously too fragmentedfor direct screening. Thus, we re-group
segmentsaccordingto their color differenceandproximity. Near
segmentswith similar colorsaregrouped�rst. Notethatsegments
in thesamegroupcanstill bedisjoint. Eachsegmentis thenreferred
asthebasicunit in thefollowing screenmatching.

Figure5 shows thesegmentationof a region in Figure1. Notethe
scenecomplexity and the large numberof segments. The whole
imagecontains1,563segmentsobtainedby our segmentationpro-
cess.With this complexity, semi-automaticsegmentation(suchas
lazysnapping[Li etal.2004])plusmanualscreenassignmentcould
still bevery tedious.For instance,theredanddisjointJapaneselet-
tersin Figure5(b)shouldideallybelaid with thesamescreen.One

cannotselectall of themwith a singlescribble. Instead,they have
to be one-by-oneselectedandassignedto the screen.The selec-
tion couldbeeven moretediousif shadingexists. In contrast,the
proposedscreenassignmenttechniques(describedin thefollowing
section)can automaticallyand intelligently assignthem with the
samescreeneventhey areidenti�ed asmultiple segments.

(a) Original (b) Segmentation map (c) Our result

Figure5: For photographwith rich contentin (a),thousandsof seg-
mentscanbeobtained,asin (b). Semi-automaticsegmentationplus
manualscreenassignmentcouldstill beverytedious.Theproposed
automaticscreenassignmentcansigni�cantly relievetheuserinter-
ventionandproducereasonableresultsasin (c).

4.2 Screen Matching
After segmentation,eachsegmentis matchedwith an appropriate
screenfrom the screenlibrary. Eachtype of screen(e.g. dot or
hatch) in this library hasa rangeof density(tones)as shown in
Figure2. Thescreensareorganizedin a 2D matrix with columns
of varyingdensityandrows of varyingscreentype.

Themainobjective of screenmatchingis to preserve therich con-
tentin theoriginal referenceimage.Here,weaimto preserve three
classesof contentsincludingtone(or luminance),textureandchro-
maticity distinguishability. Referringto the two availabledimen-
sionsin thescreenspace(Figure2), tonecanbestraightforwardly
matchedwith thehorizontalscreendensityaxis. However, match-
ing the tonealonedoesnot producesatisfactoryresultsasdemon-
stratedin Figure 6(b). This screeningresult ignorestexture and
chromaticity, andmoreimportantly, its style is not consistentwith
theartworksof professionalmangaartists.Althoughthescreening
style of artistsvaries,they all enrich the drawing by introducing
appropriatepatternvarieties.

Ourscreeningmethodconsistsof thefollowing threesteps:

� Texture-basedmatching. Segmentscontainingapparenttex-
tureare�rst matchedwith screenpatternsbasedonthetexture
similarity.

� Color-to-pattern mapping. Unmatchedsegmentsare then
mappedto differentpatterntypeswith thegoalof maintaining
colordistinguishability, via a color-to-patternmapping.

� Tonematching. Finally, segmentsassignedto patterntypes
arescreenedby matchingthetone.

Texture-based matc hing Segmentsexhibiting apparenttex-
turecharacteristicsare�rst assigneda screenpatternbasedon tex-
ture similarity. To quantify the texture characteristics,we com-
putethetexturefeaturesonbothsegmentsandscreensusingGabor
wavelets[ManjunathandMa 1996]. It hasbeendemonstratedas
aneffective textureidenti�cation techniquefor mangascreens[Qu
et al. 2006]. Consideran image I(x;y), we computeits Gabor
wavelet feature[mm;n;sm;n]m= 1;���;6;n= 1;��� ;4 in a per-pixel manner,

mm;n =
Z Z

jWm;n(x;y)j dxdy;

sm;n =

r Z Z
(jWm;n(x;y)j � mm;n)2 dxdy: (1)

whereWm;n aretheGaborwaveletsonmultiple scalesandorienta-
tions. In otherwords,eachGaborwavelet featureis representedas



(a) Color input (b) Simple tone matching

(c) Richness preserved screening (6 screen types)(d) Overlaid with the input color image

Figure6: Richness-preservedscreening.

a 24Dvector. For eachsegmentin thereferenceandeachscreenin
thescreenlibrary, we randomlysampleonepercentof their pixels
andcomputetheir Gaborwavelet features.Thesefeaturevectors
arethenaveragedto give therepresentative texturefeaturefor that
segmentor screen.Note that texture featuresof screensin the li-
braryareprecomputedonceonly asthey are�x ed.

Thematchingcanbedoneby measuringtheEuclideandistanceof
therepresentative texturefeaturevectorsbetweenthesegmentand
the candidatescreen. All matchingmust satisfy (below or equal
to) a thresholde. Segmentswithout sucha propermatch(> e) ei-
thercontainnoapparenttexturecharacteristicsor nosuitablescreen
availablein thelibrary. Hence,they areleft to thefollowing color-
to-patternmapping.Figure8(a)shows anexamplematchingof the
texturedpurplesegmentwith thescreen“line.”

Color -to-Pattern Mapping Texturebasedmatchingaddresses
the goal of texture preservation. After this matching,many seg-
mentsremainunassigneddueto their texturelessnature.Sowe as-
signpatternsto themby utilizing thechromaticitydifferenceamong
segments.However, it maynot bemeaningfulto assign,say, a red
segmentto a hatchscreen.To our bestknowledge,a directandap-
parentrelationshipbetweencolorandpatterndoesnotexist. Hence
it is notpossibleto optimizethedistancebetweencolorandscreen,
assuchdistancemetricsmaynotexist.

In termsof visual richnessit would be more bene�cial to main-
tain theperceiveddistancesamongdifferentsegmentcolorsduring
the screentype assignment.In otherwords,we want to maintain
thesamedistancerelationshipamongdifferentcolorsegmentsafter
mappingto thescreenspace.Our screenis in a high-dimensional
space(24D) as we mentionedpreviously while the color is in a
low-dimensionalspace(2D aftertakingawaytheluminance).Note
that we adoptthe CIE L � a� b� color spacethat consistsof onelu-
minance(L � ) andtwo chrominancechannels(a� b� ). Only the2D
chrominanceis consideredduring thescreentypeassignment.As
mentionedbefore,the luminance(tone)canbe easilymatchedby
selectingtheappropriatescreendensity, oncethescreentypeis se-
lected. This richnesspreservingscreentype assignmentis called
color-to-patternmapping.

We employ multi-dimensionalscaling(MDS) [Cox andCox1994]
to maintainsucha distancerelationship.MDS reducesthedimen-
sionalityof thedatawhile maintainingtherelative distanceamong
datain theoriginal space(Figure7). Supposetherearen different

Distance
Preserved
Mapping

Chromaticity spaceScreen space

Figure7: Finding a mappingbetweenthe screenspaceandchro-
maticityspace.

screentypes(patterns)in the library. pi is them-dimensionalfea-
turevectorof thei-th screenanddi j is thedistancebetweenscreens
pi and p j . Let the 2D point qi in color spacebe associatedwith
thescreenpi . Euclideandistanceis usedto measurethedissimilar-
ity. We furtherassumethatthecentroidof all datapointsliesat the
origin, i.e. å n

i pi = 0. MDS formulatesthe relationsbetweenthe
projectedcoordinateqi anddi j in a matrix form as,

QQT = �
1
2

[I �
1
n

[1]]D2[I �
1
n

[1]] (2)

Here,Q is a m� n matrixwith columnsbeingtheprojectedcoordi-
natevectors,D is thedissimilaritymatrix which storesthe feature
distancesbetweenall pairsof texturesdi j and[1] is a matrix with
all elementsbeing1. SinceD is symmetric,so is the whole right
handsideof Equation2. Henceit canbedecomposedusingsingu-
lar valuedecomposition(SVD), andgivesthefollowing equation,

QQT = VLVT

Q = VL 1=2 (3)

HereL is diagonalmatrix with all the eigenvalues. Then,we ex-
tract the major componentsby simply keepingthe �rst two rows
andtruncatingQ in Equation3 into a 2� n matrix Q̂. Then, the
columnsof Q̂ give all qi , whicharetheprojectedcoordinatesof the
i-th screenin the2D chromaticityspace.Sincethereis no speci�c
scalerelationshipbetweendistancein screenspaceandchromatic-
ity space,all qi arenormalizedto ([� 1;1] � [� 1;1]) or basedonthe
rangeof all availablecolorsonsegments.

OncewecomputetheMDS for all screens,themoststraightforward
methodis to processeachsegmentby �rst computingits average
color in the segmentandthenmatchinga screenwith the nearest
qi . Notethat thetotal numberof distinctsegmentcolorsW (in the
magnitudeof hundreds)is usuallymuchlarger thanthe total num-
berof screentypesK (e.g. 1-10)usedfor a singlemanga.Manga
artistsseldomusehundredsof typesof screenin oneartwork. To
maximizetheusageof theK availablescreens,we �rst performK-
meansclusteringon the segmentcolorswith K beingthe number
of clusters.Then,thecentroidof eachclusteris usedasarepresen-
tative color to matchwith thenearestscreencoordinateqi in color
space.

Noticethatsuchmappingis notunique,astheMDS only maintains
the relativedistances.We canstill transformthe mappedcoordi-
natesqi by rotation,scaling,translation,or �ipping. Both scaling
andtranslationcanbeexcludedasthecoordinatesqi andsegment
colorscanbenormalizedandcentered(givenzeromean).However,
therearestill two degreesof freedomleft. To determinethe best
transformation,we tentatively perform color-to-patternmapping
on all segmentsincluding thosealreadyassignedwith screensin
theprevious texture-basedmatching.Therationaleis that texture-
basedmatchingdoesnot accountfor colorsand,moreimportantly,
we canutilize thesepre-assignedsegmentsto anchor the transfor-
mation. Hence,we optimizethe transformationwith an objective
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Figure 8: Optimizationwith texture featurematchingand color
variations.(a) Texturematchingis performed.Thepurplesegment
is theonly segmentmatchedwith a screenwith similar texture. (b)
Initial screenmatchingbasedon color distinguishability. (c) Op-
timizing q to keepthe color-to-patternmappingconsistentto the
previously matchedscreen.

of maximizingtexturesimilarity of thescreensandsegments.Fig-
ure 8(b) illustratesthe initial transformationwith the purpleseg-
mentbeingassignedto a dottedpatternwhich obviously doesnot
matchwell with thetexturecharacteristicof thepurplesegment(see
Figure8(a)). By maximizingthe texture similarity during the ad-
justmentof the transformation,a betterscreenassignmentcanbe
obtained(asFigure8(c)). The transformationoptimizationis for-
mulatedasfollows:

Supposewe have Sscreen-assignedsegments(assignedin the�rst
stage)out of thetotal Ŝsegments.t s andC(s) arethepre-assigned
screenandtheaveragecolor of segments respectively. T(t ) is the
texturefeaturefor screent . Werotatewith angleq and�ip f (takes
1 or -1) to determinea transformationsuchthat,

argminq; f

S

å
s

(as � jT(Q(q; f ;C(s))) � T(t s)j) (4)

whereQ(q; f ;C(s)) is thescreenselectedvia color-to-patternmap-
ping given the color C(s), rotationangleq, and �ipping f . as is
the sizeof segmentin the imageandå Ŝ

s as = 1. If we quantizeq
to 360 levels, then the total numberof possibletransformationis
only 720(360� 2). Evenanexhaustive searchcansolve theopti-
mizationin seconds.Notethatit is possiblethatthescreenpatterns
selectedvia theaboveoptimizationdonotcompletelycoincidewith
themultiplepre-assignedscreensfrom the �rst stage.In thatcase,
we simply usethepre-assignedscreensaswe give higherpriority
to thetexturesimilarity.

Tone Matching After the �rst two stages,eachsegment has
beenassignedto a screentype. The�nal stepis to performa tone
matchingby selectingtheappropriatescreendensity. Wematchthe
overall graynessof the screenwith the averageluminanceof the
segment.Notethattheluminancevaluedependsonthecolormodel
beingadoptedduringthegrayscaleconversion.By default,oursys-
temadoptstheL � a� b� colormodelandrefersL � astheluminance.
However, for color to grayscaleconversion,YCrCb modelis more
commonandY is referredastheluminance.Oursystemallows the
userto optionally selectthecolor modelfor grayscaleconversion.
Our resultin Figure9 usesYCrCb for grayscaleconversion,while
otherexamplesin thispaperuseL � a� b� .
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Figure 9: Application of Color2Grayfor richnesspreservation.
Withoutexploiting thetwo-dimensionalnatureof thescreenspace,
theextendedapplicationof Color2Graymayeitherproduce(c) uni-
form screeningor (d) excessivepatternassignment.Therandomas-
signment(e)mayleadto unpredictableappearanceandsuffer from
chromaticityindistinguishability. In contrast,our resultpreserves
thechromaticitydistinguishabilityaswell astoneconsistency.

As theGaborwavelettexturefeaturewe employedis rotationalin-
variant,weneedto geometricallyrotatethechosenscreen(just like
artistsphysicallyrotatethepre-printscreens)in orderto alignwith
thetexturecharacteristicsin thesegment.Figures6(c)and(d) show
thescreensselectedby our methodwithout andwith thecolor im-
agelaid underneath,respectively. Note how the selectedscreens
faithfully preserve thetonesimilarity, thetexturesimilarity, andthe
chromaticitydistinguishability.

Discussion Onemayargueanextendedapplicationof state-of-
the-artColor2Gray[Gooch et al. 2005] techniqueis suf�cient to
obtainthesimilar result. Figure9(c) shows anexampleby screen-
ing Figure9(a) with a hatchingpattern,basedon the Color2Gray
result(Figure9(b)). Thisapproachonly maintainsthedistinguisha-
bility by screentone,but the screenpatternremainsuniform over
all regions.Thevarietyof screenpatternis not properlyexploited,
andpreservesnochromaticitydistinguishability.

To further verify the applicability of Color2Gray, we project the
screensfrom 24D to 1D (graylevel) andmatchthemwith thegray-
nessfrom Color2Grayresult. Figure9(d) shows the matchingre-



(a) Original cartoon

(c) Our result (5 screen types) (d) Halftoning of (b)(b) Color2Gray result

Figure10: Color-to-bitonalresultfrom acolor cartoon.

sult. It hasmore screensadoptedcomparedto the �rst trial, but
multiplescreentypesareassignedto theregionwith thesamechro-
maticity. This is becausethe excessive dimensionalityreduction
actuallycollapsesnot only the chromaticitydistinguishability, but
alsotheoriginal graynessinto a singledimension.In contrast,our
method(Figure9(f)) utilizes both dimensionsof the screenspace
andpreservesthechromaticitydistinguishabilityaswell asthetone
similarity.

We alsocompareour methodto randomscreenassignment.In this
randomassignment,we �rst cluster all segmentsinto K groups
basedon their chromaticity in the original photograph,whereK
is the desirednumberof screentypesgiven by the user. ThenK
screensarerandomlyassignedto theK groupsin aone-to-oneman-
ner. Suchrandomassignmentmayresultin unpredictableandun-
desirablescreening.As shown in Figure9(e),a worseassignment
may accidentallylead to similar hatchingappearancein the sec-
ondandthird rows. Theoriginal chromaticitydifferenceis totally
ignoredandno longerdistinguishableafter the randomscreenas-
signment.Moreover, texturedetailsmaynotbeproperlypreserved,
asdemonstratedin Figure16(c).

5 Results
To verify our method,we test a variety of examples,including
photographs,color cartoons,and artworks. Figures 3, 9, 10
and11 compareour resultsto thoseof halftoningor hatchingthe
Color2Grayimages. Figures1, 12-14show the comparisonwith
thecommercialsoftware[CELSYS] results.We leaveout thecom-
parisonto simple hatchingand halftoning, sincethey are clearly
outperformedby the commercialsoftware. In all examples,we
obtain mangaswith rich screening. The numberof screentypes
usedare shown underneatheachimage. Obviously, Color2Gray
andcommercialsoftwareproducemonotonousresultsthatarenot
manga-like.

Most mangadrawingscontainclearandtidy line drawings. Unlike
theeye-trackingapproachto identify importantlines[DeCarloand
Santella2002], our systemtries to generatelines by heuristically
�ltering away detail lines. Startingfrom the improved edgede-
tectionresult[Meer andGeorgescu2001],we ranktheimportance
of linesaccordingto their length,curliness,sizeof associatedseg-
ment,andvisibility value.For thesake of fair comparison,we laid
the samesetof lines determinedas illustratedto both our results
andthe resultsby othermethodsbeingcompared(Figures10-14,
and16).

Our proposedcolor-to-patternmatching can be applied to any
color-to-bitonal imageapplicationsthat requireschromaticitydis-

tinguishability. For example,color artwork (Figures3 and11) and
cartoondrawing (Figure10) canalsobe convertedto bitonal im-
ages.In themangaindustry, cartoon(anime)maybepublished,not
only in video form, but also in a mangaform. Currentpractices
simply print the cartoonkey framesin color, probablydueto the
high andmanualcolor-to-mangacost. With theproposedmethod,
it is possibleto publish the color cartoonin bitonal mangaform
(lowerprinting cost)in astyleconsistentwith traditionalmanga.

For an800� 1000input image,our systemcanautomaticallygen-
eratetheresultin about4 minutes,on a PCwith P43.2GHzCPU,
2GB memory. This includesthe time for segmentation,texture
matching,color-to-patternmatching,tonematching,plusthemini-
malusercontrol.

Limitations Currently, we measurethe chromaticitysimilarity
in CIE L � a� b� spaceandpatternsimilarity in Gaborwaveletfeature
space.To our bestknowledge,it is still anopenproblemto under-
standwhetherthesetwo kindsof similarities(measuredin two dif-
ferentspaces)arelinear to our humanperceptualdistance.Hence,
it is alsonot known whetherthesetwo similarity distancesareper-
ceptuallylinear to eachother. Our systemperformsscreeningon
eachinput photographseparately. If the sameobject or building
appearsin two input photographs,our systemmay not be able to
consistentlyassignwith the samescreen. A temporalconstraint
(over multiple inputs)may solve the problem,but this leadsto a
reductionin thenumberof assignablepatterns.

6 Conc lusions
In this paper, we proposean automaticyet controllableapproach
for screeningstylishmangabackgroundsfrom photographs.It frees
mangaartistsfrom thelabor-intensive andtime-consumingscreen-
ing process.Mimicking visually rich mangas,theproposedmethod
aimsat preservingnot only the tonesimilarity, but also the chro-
maticity distinguishabilityandtexture similarity. Our resultsgive
manga-like stylecomparableto thosemanuallypreparedby manga
artists. The proposedcolor-to-patternmatchingtechniquecanbe
furtherextendedandappliedto applicationsotherthanmangapro-
duction.
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(a) Original (b) Our method (3 screen types)

(c) Color2Gray (d) Halftone from Color2Gray

Figure11: “Artwork”
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(b) Our method (5 screen types)
Figure 13. “Chinatown”

(c) R
andom

 assignm
ent 

(d) O
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ethod (4 screen types)
(a) O

riginal
(b) H

alftoning from
 C

olor2G
ray

result (d) properly preserves the original textures.

(a) Commercial software (b) Our method (4 screen types)
Figure 12. “Cafeteria”

(b) Our method (4 screen types)
Figure 14. “Tea house”

Figure 15. Original images

(c) Our method with a different parameter

(a) Commercial software

(a) Commercial software

(3 screen types)

Figure 16. “Indoor” with multiple textures on 
the wall, floor, curtain, and table cloth. Our 


