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Figure 1: Generatingmangabackgroundirom a real photograph.A commercialsoftware (a) adoptsthe halftonetechniqueand presents
a uniform screeningesult. (b)&(c) areour resultswith two differentparametersThey differentiatethe chromaticityin the original color
photograph(d) usingthe variety of screenswhile preservinghetone.Both (b)&(c) exhibit 5 typesof screens.

Abstract

Dueto thetediousnesandlaborintensize cost,somemangaartists
have already emplgred computerassistedmethodsfor convert-

ing color photographgo mangabackgrounds.However, existing

bitonal image generatiormethodsusually produceunsatiséctory
uniform screeningresultsthat are not consistentwith traditional
mangasjn which the artistemplgys a rich setof screens.In this
paper we proposea novel methodfor generatingbitonal manga
background$rom colorphotographsOurgoalis to preserethevi-

sualrichnesdn theoriginal photograplby utilizing notonly screen
density but also the variety of screenpatterns. To achieve the

goal,we selectscreengor differentregionsin orderto presere the
tonesimilarity, texture similarity, andchromaticitydistinguishabil-
ity. The multi-dimensionalkcalingtechniqueis emplo/edin such
a colorto-patternmatchingfor maintainingpatterndissimilarity of
the screens.Userscan control the mappingby a few parameters
andinteractizely ne-tune theresult. Severalresultsare presented
to demonstratehe effectivenessand cornvenienceof the proposed
method.

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

1 Introduction

Japaneseomic,or mangajs apopularartform andmediumof en-
tertainmenbvertheworld. It is uniquein its elegantuseof rich sets
of screensandatidy and ne drawing style. Screeningefersto the
procesof laying pre-printedpatterns(canbe regular or irregular)
over aregion. Mangaartistsusuallylay screensot solely accord-
ing to shadingtone),but alsothetexture,materialproperty or even
the chromaticityof the underlyingsurfacebeingexpressedSucha
screeningprocesss tediousand labor intensve. The situationis
evenworsefor complicatedbackground$Nagatoma2003].

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

puter techniquesto corvert color photographsto mangaback-
grounds,suchas hatching(Figure 3(b)), halftoning (Figure 3(c))

and commercialsoftware (Figure 1(a)). However, all thesepro-

duceinconsistenstyle and unsatisactoryresultscomparedo 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

otherwords, the screenspaceis 2D in nature. Mappingthe in-

put color imageto grayscaleusing sophisticatedechniquessuch
as, Color2Gray[Goochet al. 2005] (Figure 3(b)), doesnhot really

tackle the 2D screenselectionproblemas the mappedgrayscale
imagegives no hint on the selectionalongthe patterndimension
(theverticalaxisin Figure2).

We proposea novel color-to-pattern method to select manga
screensvith the goal of preservinghreefactors:chromaticitydis-

tinguishability, texture similarity, and tone similarity. While the

tone similarity is trivially presered by matchingwith the density
(the horizontalaxis in Figure 2) of eachpattern,our core contri-

bution is on the preseration of chromaticitydistinguishabilityand

texturesimilarity. The patternvariety (theverticalaxisin Figure2)

providesuswith anew dimensiorfor distinguishinghechromatic-
ity in the original photographsFor instancewe canrepresented

andorangeregionsin the original imagewith two closepatterns,
while theredandblueregionscanbeexpressedvith two dissimilar
patterns.

To do so, we projectthe patterngwith the samedensity)from the
high-dimensionatexture featurespace(24D asdescribedn Sec-
tion 4.2)to 2D (samedimensionalityasthe chromaticityspaceyia
multi-dimensionakcaling(MDS). The 2D projectedpatternspace
andthe 2D chromaticityspacearethenmatchedby optimizingthe
texture similarity. As shawn in Figures1(b) & (c), the screening
resultsnot only presere the tone, but also differentiatethe chro-
maticity asin the original photograph.In addition,we developed
asystenthatallows usersto interactively controland ne-tune the
results.In therestof the paperwe presenseveral resultswith rich
screenshatarecomparableéo realmanggpiecesby artists.

2 Related Work

Bitonal Image Generation A straightforvardway to produce
bitonalimagesrom grayscale/colophotographss halftoning(Fig-
ure 3(c)). It exploits the spatialintegrationof humanvision to ap-
proximatethe intensity over a small local region with only black
andwhite pixels[Knuth 1987;Floyd andSteinbeg 1974;Ulichney
1987; Jarviset al. 1976]. As artifact patternsmay appear some
techniqgueqVelho and Gomes1991; Naimanand Lam 1996] try
to reducethe artifact patternsby adjustingthe scanningpath over
theimage.To presere the edgesduring halftoning,Knuth [1987]
enhancegdgesn a preprocessingtep. VelhoandGomeg1995],

(a) Original (b) Hatching from Color2Gray

(c) Halftoning
Figure3: Comparingto the hatchingin (b) andthe halftoneresult

in (c), our result(d) is more consistento the style of traditional
manga.

(d) Our method (6 screen types)

andBuchanarandVererka[1995] approximatesdgeregionsby re-
arrangingthe clustersaroundedges. Recently Panget al. [2008]
preserethe ne structureby optimizingthe structuresimilarity.

Hatching is anothertechniqueto produce bitonal images (Fig-

ure 3(b)). Winkenbachet al. [1994] generatechen-and-inkil-

lustrationsby renderinga geometricscenewith prioritized stroke

textures. A userspeci ed “detail indication” canbe usedto high-
light complex texturesandminimize clutter. Salistury etal. [1997]

usedirection elds to guidethe orientationof strokes. Durandet
al. [2001] suggest thresholdingnodelof strolesthatcanexpress
arich setof stroke styles(suchas pencil, charcoal ,engraing) to

assistartistsin achieving variousstyles. Grabli et al. [2004] im-

prove thecluttercontrolof linesby estimatingheline density This
predictsthe visual compleity beforerenderingandallows simpli-

cation.

Imagesgeneratedy halftoningandhatching,containingmore or
lessuniform patternsmay appeamonotonoudo the reader;tra-
ditional mangainsteadusesa wide variety of screengo enrichthe
viewing experience. Our proposedmethodutilizes the variety of
patternto presere the chromaticitydistinguishabilityaswell asthe
toneandtexturesimilarities.

Perceptual Preservation Goochetal.[2005]proposeditech-
niquefor convertingcolorto grayscalesothatperceptuatolor con-
trast can be maintainedduring the corversion. Their methodis
basedon an iterative optimizationmethodto adjustgray value at
eachpixel. Mantiuk et al. [2006] suggestea generalframeavork
for perceptuatontrastprocessingf mary kindsof imagesinclud-



ing HDR images.Theseapproacheaim atreproducinghecontrast
in the original gamutto a gamutwith areduceddimensionality

In contrast,our work of color-to-patternis an attemptto main-
tain the perceptuatifferenceamongcolorsduring the selectionof
screens. Note that thereis no standardway to quantify the per
ceptualdifferenceamongscreensin fact,the preseration cannot
evenbeachievedin apixel-wisemannerasthe patternis notasin-
gle pixel, but a neighborhoodf pixels.

3 Overview

Traditional mangaproduction starts with drafting outlines and
structurallines. Then,detail lines areaddedandinkedto nalize

the line draving. Basedon the inked lines, mangaartistsusually
selectappropriatepre-printscreensheetgo Il regionsin orderto
expressshading tone, texture, or atmosphereFigure4 shavs the
typicalwork o w of traditionalscreeningTheartistmayhaveto lay
screenn mary regionsby carefully carvingout alongthe region
boundary(Step2). Thetaskis rathertediousandlaborintensve,
especiallywhenlargeamountof irregularregionsexist.

Given an input color photograph,our proposedmethodaims at
automatingthe screenselectionprocesswith the goal of richness
preseration and style consisteng to traditionalmanga. The sys-
tem startsby segmentingthe photographinto regions. Then, the
systemcanintelligently provide the optimalassignmenbf screens
for differentregions. This is doneby rst projectingthe available
patternsfrom high-dimensionatexture featurespaceto the low-
dimensionakolor spaceandthenoptimizingtexture similarity. In
addition,usersarestill ableto controland/oroverridethe selection
of screenwia simply tunninga few parameters.

1. 2. 3.

Figure4: Thetypicalwork ow for screeningn mangaproduction.

4 Screening

4.1 Segmentation

As screensarelaid over regionsratherthanindividual pixels, we
rst identify regionsin the input referencamage. We performthe
segmentationusingmean-shiftwhich is a non-parametricluster
ing techniguebasedn the analysisof a complex multi-modalfea-
turespaceanddelineatiorof arbitrarily shapedlusteryComaniciu
and Meer 2002]. With a kernel measureof the distancebetween
pixels, it robustly producesnoise-reducedegments. The mean-
shift sggmentationresultis usually over-segmented which is ob-
viously too fragmentedfor direct screening. Thus, we re-group
segmentsaccordingto their color differenceand proximity. Near
segmentswith similar colorsaregroupedrst. Notethatsegments
in thesamegroupcanstill bedisjoint. Eachsegmentis thenreferred

asthebasicunitin thefollowing screemrmatching.

Figure5 shavs the sgmentationof a regionin Figurel. Notethe
scenecomplity andthe large numberof seggments. The whole
imagecontainsl,563segymentsobtainedoy our sgmentatiorpro-
cess.With this compleity, semi-automaticegmentation(suchas
lazy snappindLi etal. 2004])plusmanuakcreerassignmentould
still beverytedious.For instancetheredanddisjoint Japanesket-
tersin Figure5(b) shouldideally belaid with thesamescreenOne

cannotselectall of themwith a singlescribble. Instead they have
to be one-by-oneselectedand assignedo the screen. The selec-
tion could be even moretediousif shadingexists. In contrastthe
proposedscreerassignmentechniquegdescribedn thefollowing

section)can automaticallyand intelligently assignthem with the
samescreereventhey areidenti ed asmultiple sggments.

(a) Original (b) Segmentation map

Figure5: For photographwith rich contentin (a), thousandsf seg-

mentscanbeobtainedasin (b). Semi-automatisggmentatiorplus

manualscreerassignmentouldstill beverytedious.Theproposed
automaticscreerassignmentansigni cantly relieve theuserinter-

ventionandproducereasonableesultsasin (c).

(c) Our result

4.2 Screen Matching

After sggmentation.eachsegmentis matchedwith an appropriate
screenfrom the screenlibrary. Eachtype of screen(e.g. dot or
hatch)in this library hasa rangeof density (tones)as shavn in
Figure2. The screensareorganizedin a 2D matrix with columns
of varyingdensityandrows of varyingscreertype.

Themain objective of screermatchingis to presere therich con-
tentin the originalreferencemage.Here,we aimto presere three
classe®f contentdncludingtone(or luminance)texture andchro-
maticity distinguishability Referringto the two available dimen-
sionsin the screerspaceFigure 2), tonecanbe straightforvardly
matchedwith the horizontalscreendensityaxis. However, match-
ing the tonealonedoesnot producesatishictoryresultsas demon-
stratedin Figure 6(b). This screeningresultignorestexture and
chromaticity andmoreimportantly its styleis not consistentvith
theartworks of professionamangaartists. Althoughthe screening
style of artistsvaries,they all enrichthe drawing by introducing
appropriategpatternvarieties.

Our screeningnethodconsistof the following threesteps:

Texture-basedmatding. Segmentscontainingapparentex-
tureare rst matchedvith screerpatterndasednthetexture
similarity.

Color-to-pattern mapping Unmatchedsegmentsare then
mappedo differentpatterntypeswith thegoalof maintaining
colordistinguishability via a color-to-patternrmapping.
Tonematding. Finally, sgmentsassignedo patterntypes
arescreenedby matchingthetone.

Texture-based matching Segmentsexhibiting apparenttex-
ture characteristicgire rst assigned screematternbasedon tex-
ture similarity. To quantify the texture characteristicsye com-
putethetexturefeatureson bothsegmentsandscreensisingGabor
wavelets[Manjunathand Ma 1996]. It hasbeendemonstrateés
aneffective textureidenti cation techniquefor mangascreengQu
et al. 2006]. Consideran imagel(x;y), we computeits Gabor
wavelet feature[Mnn; Smnlm=1; :6n=1; :4 iN @ perpixel manney
yAvA
Miénn(x;y)j dxdy;
rzz

= (Mhn (V)] M) dxdly: @

Mhyn =

Smn

whereWn, arethe Gaborwaveletson multiple scalesandorienta-
tions. In otherwords,eachGaborwaveletfeatureis representeds



(a) Color input (b) Simple tone matching

(c) Richness preserved screening (6 screen tygegverlaid with the input color imag

Figure6: Richness-preseed screening.

a 24D vector For eachsggmentin thereferenceandeachscreerin
the screerlibrary, we randomlysampleonepercentof their pixels
and computetheir Gaborwavelet features. Thesefeaturevectors
arethenaveragedo give the representatie texture featurefor that
segmentor screen.Note that texture featuresof screensn the li-
braryareprecomputeanceonly asthey are x ed.

The matchingcanbe doneby measuringhe Euclideandistanceof
therepresentatke texture featurevectorsbetweerthe sggmentand
the candidatescreen. All matchingmust satisfy (belav or equal
to) athresholde. Segmentswithout sucha propermatch(> €) ei-
thercontainnoapparentexturecharacteristicer nosuitablescreen
availablein thelibrary. Hence they areleft to the following color
to-patternrmapping.Figure8(a) shavs anexamplematchingof the
texturedpurplesegmentwith thescreerfline.”

Color -to-Pattern Mapping Texture basedmnatchingaddresses
the goal of texture preseration. After this matching,mary seg-
mentsremainunassignedueto their texturelessature.Sowe as-
signpatterngo themby utilizing thechromaticitydifferenceamong
segments.However, it may not be meaningfulto assignsay ared
segmentto a hatchscreen.To our bestknowledge,a directandap-
parentrelationshipbetweercolor andpatterndoesnot exist. Hence
it is not possibleto optimizethedistancebetweercolor andscreen,
assuchdistancemetricsmaynot exist.

In termsof visual richnessit would be more bene cial to main-

tain the perceved distance@mongdifferentsggmentcolorsduring

the screentype assignment.In otherwords, we wantto maintain
thesamedistanceelationshipapmongdifferentcolor sgmentsafter

mappingto the screenspace.Our screenis in a high-dimensional
space(24D) as we mentionedpreviously while the color is in a

low-dimensionabpacg2D aftertakingaway theluminance).Note

thatwe adoptthe CIEL a b color spacethat consistsof onelu-

minance(L ) andtwo chrominancechannelga b ). Only the2D

chrominances considerediuring the screentype assignmentAs

mentionedbefore,the luminance(tone) canbe easilymatchedby

selectingthe appropriatescreerdensity oncethe screertypeis se-

lected. This richnesspreservingscreentype assignments called

color-to-patterrmapping.

We emplgy multi-dimensionakcaling(MDS) [Cox andCox 1994]
to maintainsucha distancerelationship.MDS reduceghe dimen-
sionality of the datawhile maintainingthe relative distanceamong
datain the original space(Figure 7). Supposeherearen different

Screen space Chromaticity space

Distance

Preserved .

Mapping
— O
]

Figure 7: Finding a mappingbetweenthe screenspaceand chro-
maticity space.

screentypes(patterns)n thelibrary. p;j is the m-dimensionafea-
turevectorof thei-th screeranddi; is thedistancebetweerscreens
pi and pj. Let the 2D point g; in color spacebe associatedvith

thescreenp;. Euclideandistancas usedto measurghedissimilar

ity. We furtherassumehatthe centroidof all datapointslies atthe

origin, i.e. 4 pi = 0. MDS formulatesthe relationsbetweenthe

projectedcoordinatey; andd;j in amatrixform as,

11,1
QQ"= ol MDA L[] @

Here,Qisam nmatrixwith columnsbeingthe projectedcoordi-
natevectors,D is the dissimilarity matrix which storesthe feature
distancesdetweenall pairsof texturesd;j and[1] is a matrix with
all elementsheingl. SinceD is symmetric,sois the whole right
handsideof Equation2. Henceit canbe decomposedsingsingu-
lar valuedecompositio{SVD), andgivesthefollowing equation,

QQ' =vLVT
Q=VL¥ ®3)

HerelL is diagonalmatrix with all the eigervalues. Then,we ex-
tract the major componentsy simply keepingthe rst two rows
andtruncatingQ in Equation3into a2 n matrix Q. Then,the
columnsof Q give all g;, which arethe projectedcoordinate®f the
i-th screenin the 2D chromaticityspace.Sincethereis no speci ¢
scalerelationshipbetweendistancan screerspaceandchromatic-
ity spaceall g arenormalizedo ([ 1;1] [ 1;1]) orbasednthe
rangeof all availablecolorson sggments.

Oncewe computeheMDS for all screensthemoststraightforvard
methodis to processeachsegmentby rst computingits average
color in the sggmentandthenmatchinga screenwith the nearest
gi- Notethatthetotal numberof distinctsegmentcolorsW (in the
magnitudeof hundreds)s usuallymuchlargerthanthe total num-
ber of screentypesK (e.g. 1-10) usedfor a singlemanga.Manga
artistsseldomusehundredsof typesof screenin oneartwork. To
maximizethe usageof theK availablescreenswe rst performK-
meansclusteringon the sggmentcolorswith K beingthe number
of clusters.Then,thecentroidof eachclusteris usedasarepresen-
tative color to matchwith the nearesscreencoordinateg; in color
space.

Noticethatsuchmappingis notunique,astheMDS only maintains
the relative distances.We canstill transformthe mappedcoordi-
natesq; by rotation, scaling,translation,or ipping. Both scaling
andtranslationcanbe excludedasthe coordinates); andsegment
colorscanbenormalizedandcenteredgivenzeromean).However,
therearestill two degreesof freedomleft. To determinethe best
transformation,we tentatvely perform color-to-patternmapping
on all sggmentsincluding thosealreadyassignedwith screensn
the previoustexture-basednatching. The rationaleis thattexture-
basedmnatchingdoesnot accountfor colorsand,moreimportantly
we canutilize thesepre-assignedggmentsto ancor the transfor
mation. Hence,we optimize the transformatiorwith an objective
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Figure 8: Optimizationwith texture featurematchingand color
variations.(a) Texture matchingis performed.The purplesegment
is theonly segmentmatchedwith a screernwith similar texture. (b)
Initial screenmatchingbasedon color distinguishability (c) Op-
timizing g to keepthe colorto-patternmappingconsistento the
previously matchedscreen.

of maximizingtexture similarity of the screenandsegments.Fig-
ure 8(b) illustratesthe initial transformatiorwith the purple sey-
mentbeingassignedo a dottedpatternwhich ohbviously doesnot
matchwell with thetexturecharacteristiof thepurpleseggment(see
Figure8(a)). By maximizingthe texture similarity during the ad-
justmentof the transformationa betterscreenassignmentanbe
obtained(asFigure8(c)). The transformatioroptimizationis for-
mulatedasfollows:

Supposeve have S screen-assigneslyments(assignedn the rst
stage)out of thetotal S segments.ts andC(s) arethe pre-assigned
screemandthe averagecolor of sgments respectiely. T(t) is the
texturefeaturefor screernt . Werotatewith angleq and ip f (takes
1 or-1) to determinea transformatiorsuchthat,

S
agming ¢ & (as JT(Q(q: ;C(9)  T(t9))) (4)

whereQ(q; f;C(9)) isthescreerselectediia colorto-patterrmap-
ping giventhe color C(s), rotationangleq, and ipping f. asis

the size of sggmentin theimageand& $as = 1. If we quantizeq
to 360 levels, thenthe total numberof possibletransformations
only 720(360 2). Evenanexhaustve searchcansolve the opti-
mizationin secondsNotethatit is possiblethatthe screematterns
selectedriatheabove optimizationdo notcompletelycoincidewith
the multiple pre-assignedcreendrom the rst stage.In thatcase,
we simply usethe pre-assignedcreensaswe give higher priority
to thetexture similarity.

Tone Matching After the rst two stages,eachsegmenthas
beenassignedo a screertype. The nal stepis to performatone
matchingby selectingheappropriatescreerdensity We matchthe
overall graynesf the screenwith the averageluminanceof the
segment.Notethattheluminancevaluedepend®nthecolor model
beingadoptediuringthegrayscaleorversion.By default, our sys-
temadoptshelL a b colormodelandrefersL astheluminance.
However, for color to grayscalecorversion,YC, C, modelis more
commonandY is referredastheluminance.Our systemallows the
userto optionally selectthe color modelfor grayscalecorversion.
Ourresultin Figure9 usesYC; Cy, for grayscalecorversion,while
otherexamplesin thispaperuseL a b .

(c) Color2Gray +
(3 screen types) MDS (24d to 1D) Hatching (b) Color2Gray result (a) Original

(e) Random assignment  (d) Color2Gray +

(f) Our method
(3 screen types)

Figure 9: Application of Color2Grayfor richnesspreseration.

Without exploiting the two-dimensionahatureof the screerspace,
theextendedapplicationof Color2Graymayeitherproduce(c) uni-

form screeningr (d) excessie patternrassignmentTherandomas-
signment(e) mayleadto unpredictableppearancandsuffer from

chromaticityindistinguishability In contrast,our resultpreseres
the chromaticitydistinguishabilityaswell astoneconsisteny.

As the Gaborwavelettexture featurewe emploedis rotationalin-
variant,we needto geometricallyrotatethe choserscreen(justlike
artistsphysicallyrotatethe pre-printscreensjn orderto align with
thetexturecharacteristicé thesegment.Figures6(c) and(d) shaw
the screenselectedby our methodwithout andwith the colorim-
agelaid underneathrespectiely. Note how the selectedscreens
faithfully presere thetonesimilarity, thetexturesimilarity, andthe
chromaticitydistinguishability

Discussion  Onemayargueanextendedapplicationof state-of-
the-artColor2Gray[Gooch et al. 2005] techniqueis sufcient to

obtainthe similar result. Figure9(c) shavs anexampleby screen-
ing Figure9(a) with a hatchingpattern,basedon the Color2Gray
result(Figure9(b)). This approactonly maintainghedistinguisha-
bility by screerntone,but the screenpatternremainsuniform over

all regions. Thevariety of screerpatternis not properlyexploited,

andpreseresno chromaticitydistinguishability

To further verify the applicability of Color2Gray we projectthe
screengrom 24D to 1D (graylevel) andmatchthemwith thegray-
nessfrom Color2Grayresult. Figure9(d) shavs the matchingre-



(a) Original cartoon

(b) Color2Gray result

(c) Our result (5 screen types)

(d) Halftoning of (b)

Figure10: Color-to-bitonalresultfrom a color cartoon.

sult. It hasmore screensadoptedcomparedo the rst trial, but

multiple screerntypesareassignedo theregionwith the samechro-

maticity. This is becausdhe excessve dimensionalityreduction
actually collapsesot only the chromaticitydistinguishability but

alsothe original graynessnto a singledimension.In contrastour

method(Figure 9(f)) utilizes both dimensionsof the screenspace
andpreseresthechromaticitydistinguishabilityaswell asthetone
similarity.

We alsocompareour methodto randomscreermssignmentln this
randomassignmentwe rst clusterall sggmentsinto K groups
basedon their chromaticityin the original photographwhereK
is the desirednumberof screentypesgiven by the user ThenK
screengrerandomlyassignedo theK groupsin aone-to-onanan-
ner Suchrandomassignmentnay resultin unpredictableandun-
desirablescreening.As shavn in Figure9(e), a worseassignment
may accidentallylead to similar hatchingappearancén the sec-
ond andthird rows. The original chromaticitydifferenceis totally
ignoredandno longerdistinguishablefter the randomscreenas-
signment.Moreover, texturedetailsmaynotbeproperlypresered,
asdemonstrateth Figure16(c).

5 Results

To verify our method, we test a variety of examples,including
photographs,color cartoons,and artworks. Figures3, 9, 10
and11 compareour resultsto thoseof halftoningor hatchingthe
Color2Grayimages. Figures1, 12-14 shav the comparisonwith
thecommerciakoftware[CELSY S]results.We leave outthecom-
parisonto simple hatchingand halftoning, sincethey are clearly
outperformedby the commercialsoftware. In all examples,we
obtain mangaswith rich screening. The numberof screentypes
usedare shavn underneatteachimage. Obviously, Color2Gray
andcommercialsoftware producemonotonousesultsthat are not
manga-lile.

Most mangadrawings containclearandtidy line dravings. Unlike
the eye-trackingapproactto identify importantlines [DeCarloand
Santella2002], our systemtries to generatdines by heuristically
Itering away detail lines. Startingfrom the improved edgede-
tectionresult[Meer andGeogescu2001],we ranktheimportance
of linesaccordingto their length,curliness sizeof associatedey-
ment,andvisibility value. For the sale of fair comparisonyve laid
the samesetof lines determinedasillustratedto both our results
andthe resultsby other methodsbeing comparedFigures10-14,
and16).

Our proposedcolorto-patternmatching can be applied to ary
colorto-bitonalimageapplicationsthat requireschromaticity dis-

tinguishability For example,color artwork (Figures3 and11) and
cartoondrawing (Figure 10) canalso be corvertedto bitonal im-

ages.In themangandustry cartoon(anime)maybe published not

only in video form, but alsoin a mangaform. Currentpractices
simply print the cartoonkey framesin color, probablydueto the

high andmanualcolor-to-mangacost. With the proposedmethod,
it is possibleto publishthe color cartoonin bitonal mangaform

(lower printing cost)in a style consistentvith traditionalmanga.

Foran800 1000inputimage,our systemcanautomaticallygen-
eratetheresultin about4 minutes,on a PCwith P43.2GHzCPU,
2GB memory This includesthe time for segmentation,texture
matching,color-to-patternrmatching tonematching plusthe mini-
mal usercontrol.

Limitations  Currently we measurehe chromaticity similarity
inCIEL a b spaceandpatternsimilarity in Gaborwaveletfeature
space.To our bestknowledge,it is still anopenproblemto under
standwhetherthesetwo kinds of similarities(measuredh two dif-
ferentspacesprelinearto our humanperceptuatistance.Hence,
it is alsonot known whetherthesetwo similarity distancesreper
ceptuallylinearto eachother Our systemperformsscreeningon
eachinput photographseparately If the sameobjector building
appearsn two input photographspur systemmay not be ableto
consistentlyassignwith the samescreen. A temporalconstraint
(over multiple inputs) may solwe the problem, but this leadsto a
reductionin the numberof assignablgatterns.

6 Conclusions

In this paper we proposean automaticyet controllableapproach
for screeningtylishmangabackground$rom photographslt frees
mangaartistsfrom thelaborintensive andtime-consumingcreen-
ing processMimicking visually rich mangasthe proposednethod
aimsat preservingnot only the tone similarity, but alsothe chro-

maticity distinguishabilityandtexture similarity. Our resultsgive

manga-lile stylecomparableo thosemanuallypreparedy manga
artists. The proposedcolor-to-patternmatchingtechniquecan be

furtherextendedandappliedto applicationsotherthanmangapro-

duction.
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(a) Commercial software (b) Our method (4 screen types)c) Our method with a cﬁééent parameter
Figure 12. “Cafeteria” (3 screen types)
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(a) Commercial software (b) Our method (5 screen types)
Figure 13. “Chinatown”
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(a) Commercial software (b) Our method (4 screen types)
Figure 14. “Ba house”
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Figure 16. “Indoor” with multiple textures on
) L the wall, floor cuttain, and table cloth. Our
Figure 15. Original images result (d) properly preserves the original textt



