
PainterlyRenderingPaintingStrategiesforStrokesTechnicalReport:CS!2008!09LesleyNorthamUniversityofWaterlooThispagedescribesmyimplementationofHertzmanns'painterlyrenderingalgorithm.Italsoshowsmyresults,andmypersonaladditionstothealgorithm.akitaImplementationDetailsToimplementthisalgorithm,Iwillmakesmallimprovementstoabasicpainterlyrenderingalgorithm.Thisprogressionofalgorithmswillhelpillustratethegradualimprovementtotheresultimage.TheimplementationlanguageisC++.Toaidinimageprocessing,Magick++(C++versionofImageMagick)isused.Inaddition,"algebra.cpp"and"algebra.h"fromCS488areusedforthePoint2Dobject.BlurringBlurringisdoneusingtheMagick++gaussianblurfunction.Thekernelsizeischosentobe3,tomatchtheSobelkernelusedlater.GradientTocomputethegradient,Hertzmannsuggestsusingthe"Sobelfilteredluminance"oftheblurredimage.ASobelkernelofwidth3isusedaftertheblurredimageisconvertedtoluminancevalues(usingtheformulafromthepaper).ProofofConceptTheimageslistedintheeightstepsbeloware"proofofconcept".Thesourceimage,andthesettingsusedmaynotproducethebestpossibleresults.Thesourceimageusedforallproofofconceptimagesis:

UserInterfaceTheuserinterfaceisshellbased,andisnotoverlyuserxfriendly.Toruntheprogram:paint[options][options]=infileoutfileminlengthmaxlengthbrushfileblurtolgridcurveordertaper?black?jitter?jitter%maxjitterinfile:inputimagefile(canbeofanyformatthatImageMagicksupports,JPEG'swereusedforthepurposesofthisassignmentoutfile:outputimagefile(willbeoutputinJPEGformat)minlength:minimumlengthofbrushstrokeinpixelsmaxlength:maximumlengthofbrushstrokeinpixelsblur:blurfactortol:tolerancebetweenoriginalimageandpaintedimagegrid:gridsizecurve:curvaturefilterforexageratingbrushstrokesorder:orderofpaintingstrokes,0=random,1=light�to�dark,2=dark�to�lighttaper?:tapertheendofstrokes,0=no,1=yesblack?:blackshiftdarkcolours,0=no,1=yesjitter?:jitterthecolours,0=no,1=yes



jitter%:percentofpixelstojitter,anyintegervaluebetween0and100maxjitter:maximumlevelofjitter,anypositivedecimalvalue1.RandomDotsThisfirststepisaverysimpleapproach.Randompointsarechosenfromtheblurredsourceimageandacircle(dot)isdrawnonthecanvasinthecorrespondingcolouratthatpoint(Magick++'sDrawableCircleisused).Togivevariationinbrushchoices,thisprocessisrepeatedfordecreasingbrushsizes.Brushsizesareinputtothesystemusinga".brs"file,whosestructureisdefinedby:Thefirstlineofthe.brsfileisthenumberofbrusheslisted.Eachlineafterthefirstcontainsasinglebrushsize.Itisassumedthatbrushesarelistedindecreasingorder.

UniformDotSize ThreeDotSizes ThreeDotSizesbutFewerDots2.RandomLinearStrokesTworandompointsarechosen,thesecondwithinagivenrandomdistancefromthefirstandaline(stroke)isdrawnbetweenthem.Thenasasecondvariation,astrokeisonlydrawnifthedifferencebetweenthecanvasandblurredimageisgreaterthansometolerancevalueatthegivenstartpoint.AthirdvariationusesHertzmann'salgorithm,choosingtodrawastrokefromthemaximalpointoferrorineachgridsection(iftheaverageerrorofthegridblockisgreaterthanthetolerance).Thegridsizeisequaltothecurrentbrushsizetimestheinputgridsize.Thesegridblocksmaynotfilltheimagecompletely.Todealwiththis,theremainingsectionsaredealtwithinthesamewayasanyothergridsectionwiththeexceptionthatthegridsizeisequaltotheremainderoftheimage.

RandomlyPlacedStrokesRandomStrokesOnlyinAreasofError RandomStrokesPlacedatGridMaximalErrorPoints3.PolygonalLinearStrokesInmostformsofpainting,strokescanbenonxlinear(curved).Thisvariationofthealgorithmbeginstheprocessofdealingwithcurvedstrokes.Thesetofpointsforeachstrokeisrandomlychosen(usingStep2'sfinalerrordetectionasstrokeoriginchoice).Thissetofpointsisstoredinalinkedlist(STL)usingthePoint2Ddatastructure.Thestrokesarepaintedwithstraightlinesconnectingeachpointonthecurve.



SingleBrushSize,StrokesPaintedinOrderofDiscoveryMultipleBrushSizes,StrokesPaintedinOrderofDiscoveryMultipleBrushSizes,StrokesPaintedinRandomOrder4.SplineBasedCurvesTomimicthebrushstrokesanartistwouldmake,wemustturntherandomlygeneratedpolygonallinearstrokesintocurvedandflowingstrokes.Thereareseveralwaysthatthiscouldbedone.Onesuggestion,ispiecewisecubicbxsplines.Ichosenottousepiecewisecubicbxsplinesbecausetheydonotrestontheirstartandendpoints.Thusconnectingamultixpiecesplineisdifficult.Inaddition,astrokegeneratedbythismethodmaynotfollowthepointsascloselyasdesired.However,abxsplineisjustanapproximationtoaBeziercurve.So,IchosetousepiecewisecubicBeziercurves.TogenerateapiecewisecubicBeziercurve,youneedatleastfourpoints.Butsomestrokesmayhavemoreorlessthanfourpoints.Ifeltthereweretwosimpleapproachestosolvingthisproblem.Firstly,Icouldchoosetherequiredadditionalpointsfromthegradientimageto"fake"theremainderofthestroke.Thenwhenthestrokeis"painted",paintonlytheportionofthecurvecorrespondingtothe"true"points.Whilethismethodwouldproducecurvesgeneratedcompletelyfrompiecexwisecubicbeziercurve,takingadditionalpointsfromthegradientfieldmayresultinerraticstrokes.Thatis,these"fake"pointsmaycausethecurvetogoinanundesirabledirectionxxsayintoanareaofthepaintingwherethatstrokeisunwanted.So,Ichosetousethepointsthatweregiven.Thealgorithmcreatesasmanycubicbeziercurvesasitcan(consumingtheinvolvedpointsaseach"section"isrendered).Ifthereareonlythreepoints,itisrenderedasaquadraticbeziercurve.Ifthereareonlytwopoints,alinearinterpolationmethodisused.Andofcourse,ifthereisonlyonepoint,adotisdrawn.
SingleBrushSize,FourPointRandomCurve MultipleBrushSizes,FourPointRandomCurve MultipleBrushSizes,FivePointRandomCurve5.FollowingtheGradientFieldTofinishoffHertzmanns'mainpainterlyrenderingalgorithm,therandomstrokesfrombeforearemadetofollowthegradientfield(asdescribedinthepaper).Lengthinthisalgorithmisdeterminedbythesummationlinearlengthbetweenthepoints.(Eg.Points={A,B,C,D},Length=AB+BC+CD).



SingleBrushSize,MediumStrokes MultipleBrushSizes,ShortStrokesMultipleBrushSizes,LongStrokes6.OrderedStrokePaintingHowdoesanartistpaintapicture?First,letsconsidertheoutputfromstep5,whichisHertzmanns'standardalgorithm.Supposeitisarealpainting,whatkindofpaintandwhatkindofbrushesarebeingused?Giventhestrongcolours,lackoftransparency,andlackofblendingexhibited,Iwouldsaytheresultswerepaintedwithinexpensiveacrylicpaint.(Thintomediumviscosity,thickwithpigment(drieswithaboldcolour),fastdrying,difficulttoblend).Thebrushstrokesaresmoothandsolid,withperfectlyroundendpoints.Whilenotaperfectmatch,goldensableroundsmatchthepaintstrokesbest.Andthepaintingsurfacewouldbeasmoothpaper,suchaswhiteillustratorspaper.So,ifanartistweretousethesematerials,howwouldtheypaintthepicture?Acommontechnique,usedwithnearlyeverypainttype(watercolour,tempra,acrylic,oil,etc)istopaintstartingwiththelightestcolours,andworktowardsthedarkest(theoppositeorderisnotunheardof).Whyisthismethodused?Objectsthatdisappearintothehorizon,areoftenlightercolours(itemsatfurtherdepthgenerallypaintedbeforeitemsthatarenear).Lighterpaintcoloursarenotusuallyopaque(especiallyinthecaseoftheinexpensiveacrylicsmentionedearlier).Ifalightercolourispaintedoveradark,morethanonecoatmayberequiredtogetthedesiredcolour.Itiseasiertodarkenthanitistolighten.ThefirstextensiontoHertzmannsalgorithm,willbetoorderthestrokes.Thatis,insteadofpaintingeachstrokeofthesamebrushsizeinarandomfashion,painttheminorderofincreasingluminance.Theuserwillbeabletochoosefromrandomorder(Hertzmanns'originalalgorithm),lightxtoxdarkanddarkxtoxlight.
LightxtoxDarkOrderingRandomOrderingDarkxtoxLightOrdering7.ColourShiftingPureimpressionismbydefinitiondoesuseblackornearblackpaint.Insteadofblack,shadesofblueareused.Whyblue?Impressionistpaintingsemphasizetheflowandplayoflightoverascene(MonetpaintedRouenCathedralnearly100times,eachpaintingatadifferenttimeofday).Blackisreplacedwithbluetobringthelightoftheskyintothedarkareasofascene.Thefirstcolourshift,"BlackShifting",shiftsanycolourwithinacertainsetrangeofblacktowardstheblue.Theshiftingamountispresentlyfixed,butincreasesboththebluechannelandthetotalluminanceofthecolour.Observingimpressionistpaintings,anothertypeofcolourvariationisnoted.Inanareathatshouldhavesolidcolour,thecolourofthestrokesisvariedsuchthatupclosethevarianceisvisible,butatadistanceitisnot.



Thiscolourjitteringisimplemented,andtheusercancontrolthepercentageofpixelsjittered,andthelevelofjittering(howextremethecolourshiftis,decimallevelspermitted).

BlackShiftColourJitter(100%Level1)BlackShiftwithColourJittering(100%Level0.5)8.BrushAdjustmentsThebrushstrokesintheoriginalalgorithm(Hertzmann),wouldrepresentfirmstrokesfromabrushthatdoesnotrunoutofpaint.Thesefirmstrokesarealmost"angry".Tocreateamoreflowingstroke,representingthethinningofpaintandthereductionofpressureattheendofastrokeamodificationwasmadetothestrokerendering.Inthelastoneortwosegmentsofthepiecewisebezierstroke,theradiusofthestrokeisslowlydecreased.Thiswillform"pointed"endstothestrokes.Theusercanselectthisfeatureasanoption.

TaperedStrokes(widerbrushes)NormalStrokesTaperedStrokes(narrowerbrushes)

ResultsArtisticMovementsusingVaryingParameters



OriginalImage(RoundBalesofHay) Impressionism(T=100,R=(8,4,2),f_c=1,f_g=1,f_s=0.5,min=4,max=16) Expressionism(T=50,R=(8,4,2),f_c=0.25,f_g=1,f_s=0.5,min=10,max=16,j_v=0.5)

Pointilism(T=100,R=(4,2),f_c=1,f_g=0.5,f_s=0.5,min=1,max=1,j_v=0.3 LightxtoxDark(T=25.5,R=(8,4,2),f_c=1,f_g=0.5,f_s=0.5,min=5px,max=50px DarkxtoxLight(T=25.5,R=(8,4,2),f_c=1,f_g=0.5,f_s=0.5,min=5px,max=50pxDiscussionofQualitativeDifferencesusingtheExtention



A)PureImpressionismwithLightxtoxDarkOrderingB)PureImpressionismwithRandomOrderingC)PureImpressionismwithDarkxtoxLightOrderingAllthreeoftheaboveimagesweregeneratedusingthesameparameters(OriginalImage).Taperedstrokes,blackshiftingandslightjitteringareusedtocreateapureimpressionistpainting.Theonlydifferenceistheorderthatthestrokesarepainted.ObservethatimageAhassoftedgesnearskylinesandvisiblyflowingstrokes.Thesmoothcolourgradientsarepreserved.Thesesoftflowingstrokesandcolourgradientsgivetheimageanoverallsoftness.ThestyleofthisimageismostsimilartoMonet'simpressioniststyle(basedonvisualcomparison).ImageAismypersonalpreference,andIbeleiveithasamorenaturalappearancethanimageB.ImageBhasacertian"digitallyproduced"appearance.Strokesarerandomlycutoff,yeildingoddshapes.Intheareawherethetreesmeetthesky,theedgeisrandomizedbetweenlightanddark.Thisrandomnessalsogivesa"sharper",almostnoisyappearancetotheimage.ImageCisthemostuniqueofthethree(althoughnotnecessarilythemostpleasing).Sincethelightercoloursarepaintedoverthedarker,ithasanalmost"wet"appearance.Whilenotasimulationofwatercolourpainting(astherearemanydetailsobviouslyunhandled),itdoeshaveacertaindegreeofvisualsimilarity.Thestrokesaresmoothandflowing,andthecolourgradientsarepreserved.ThisimagehasamorenaturallookthanimageB.Imageswithlightermiddlegrounds(darkerfrontandbackgrounds)maynotproduceresultsaspleasingasthoseimageswithtwocolourgrounds(frontandback).Thisisbecausethesortingofthestrokesbycolour,tosomedegreeextractsandreplicatesdepthinformation.Thismethodoforderingstrokesincreasesthenumberofartmovementsthatthispainterlyrenderingalgorithmcanmimic.Forexample,bypreservingcolourgradientinformationGeorgiaO'Keefestylefloralpaintingscanbecreated.(GeorgiaO'Keefeisknownforpaintingclosexupsofflowers,herstrokesweresoftandherimagessmooth.Sheisalsoknownforwatercolourpaintingsofsimilarnature.).Belowisanotherimagerenderedusingidenticalparameters,exceptfortheorderingofstrokes.Thesetofstrokesforeachimageisidentical,butthedifferenceinresultsisdrastic.

LightxtoxDarkOrdering(Mymainextension)RandomOrdering(Hertzmann'salgorithm)



SomeNiceResults

SerenePond...aPureImpressionistimage...usesLightxtoxDarkorderingandcolourshifting(Original)



BlueBells...resemblesblendedchalkpastels...LightxtoxDarkordering(Original)



Pansy...inthestyleofO'Keefe...usesLightxtoxDarkordering(Original)FutureWorkTherearemanyaspectsofthestrokeorderingalgorithmthatcouldbeimproved.Forexample,atthemomentthealgorithmfollowsthebasicideaofpaintingstrokesinorderofluminance.However,iftherearemultiplesectionsofapaintingwiththesamecolour,theartistwillpaintthemsectionbysectioninsteadofastrokeinonepart,thenastrokeinanother.Thesortingalgorithmcouldgroupstrokesofthesamecolourintoregionstomimicthisbehaviour.Thestrokealgorithmcouldalsobeorderedbydepth,ifdepthinformationwasavailable.Piecewisebeziercurvesareusedtoimplentcurvedbrushstrokes.Joinsbetweenthestrokescanbe"nonxcontinuous".Asmootheralgorithmcouldbeusedtogivestrokeswithbetterflow.Thestrokesthemselvesareverybasichere,perfectlyloadedbrusheswithnearconstantpressure(asidefromthe"tapering").Therearemanydifferentkindsofpaintbrushes,fans,daggers,rounds,flats,riggers,etc.Andtherearemanydifferentmaterialsforthesebrushestobemadeof,horsehair,sable,nylon,etc.Agoodimprovementwouldbetomodelthesedifferentbrushshapes,andmaterials.




