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1   Introduction

Many recent systems for computer artwork generation with evolutionary algorithms
have been interactive, relegating the task of evaluating new genotypes to their users.
In contrast, we are interested in fully automating the entire evolutionary cycle applied
to art work generation. We set out to produce a program that would generate artwork
in the style of the Dutch painter Piet Mondrian, who was active mainly in the first half
of the 20th century. He developed his own distinctive and abstract style (called simply
de stijl, which is Dutch for “the style”). Paintings in Mondrian’s style typically in-
clude vertical and horizontal black lines over a white background, with some or all of
the primary colors (blue, red, and yellow), plus black, filling in some of the square or
rectangular regions (or parts of the regions) separated out from the background by the
black lines. It is this style that our system tries to emulate. Fig. 1 shows a typical
Mondrian painting in his distinctive style.

Fig. 1. A typical Mondrian painting

We decided to use an evolutionary algorithm in order to generate different paintings.
After being generated by the evolutionary operators of crossover and mutation,
paintings are evaluated to determine how much they “make sense.”  In the context of
our research, “making sense” would imply being as close as possible to the style of
Mondrian.  The evaluation subroutine of the evolutionary algorithm, therefore, is of
critical importance to the success of the approach. It consists of the following eight
rules (each of which has the same weight), which capture and recognize the stylistic
characteristics of Mondrian´s paintings:

1. EvaluateColor: Each colored region that is contained in a genotype must have
one of the five valid colors.

2. EvaluateCoordinates: The height, width, x-coordinate, and y-coordinate of
each colored region in a genotype must all fall between 0 and 3.9999.

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Nein     Piktogramme einbetten: Nein     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 2400 2400 ] dpi     Papierformat: [ 595 842 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 1800 dpi     Downsampling für Bilder über: 2700 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: NeinSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Farbe nicht ändern     Methode: StandardGeräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Ja     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Ja     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: Ja     DSC-Warnungen protokollieren: Nein     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja     EPS-Info von DSC beibehalten: Ja     OPI-Kommentare beibehalten: Nein     Dokumentinfo von DSC beibehalten: JaANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments true     /DoThumbnails false     /CompressPages false     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize false     /ParseDSCCommentsForDocInfo true     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue true     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Average     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Average     /DetectBlends true     /GrayImageDownsampleType /Average     /PreserveEPSInfo true     /GrayACSImageDict << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ColorACSImageDict << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /LeaveColorUnchanged     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 300     /EndPage -1     /AutoPositionEPSFiles true     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 1800     /AutoFilterGrayImages true     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 300     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 2400 2400 ]>> setpagedevice



Automating Evolutionary Art in the Style of Mondrian        395

3. EvaluateLineThickness: Up to two black colored regions are allowed in a
genotype that are not thin, but all other black regions must be either vertically
or horizontally thin (and thus represent a line rather than a rectangular region).

4. EvaluateNumberOfVerticalLines: A minimum of two and a maximum of ten
vertical lines must be present in a genotype.

5. EvaluateNumberOfHorizontalLines: A minimum of two and a maximum of
ten horizontal lines must be present in a genotype.

6. EvaluateLimits: Each colored region in a genotype must be adjacent either
vertically (both above and below) or horizontally (both to the left and to the
right), or both, to another colored region or to the edge of the “frame” (with
some small tolerance).

7. EvaluateFrame: All other colored regions in a genotype must fall within the
coordinates of the “frame,” whose color is white by definition and whose co-
ordinates are represented just as any other colored region’s are.

8. EvaluateNumberOfColoredRegions: There must be at least one colored region
represented in a genotype, and at most 13, not counting lines. At most one of
them can be white (and represents the “frame”).

2   Discussion and Results

The implementation of this work has resulted in a system named MONICA (MON-
drian-Imitating Computer Artist). Neither the relationship between evolutionary algo-
rithms and Mondrian, nor the attempt to capture and automate the generation of new
creations in the style of given artists or designers, is new. However, the approach we
followed in implementing MONICA is different from those that have been used in
other projects that have explored these issues. Fig. 2 shows three Mondrian-like
paintings which were created by our system (which assigned a fitness value of 1 to
them) at different times. The fact that MONICA has shown the capacity to create
Mondrian-like paintings on several occasions validates the set of evaluation rules we
programmed into the system and also confirms the capacity to create artwork by
computer autonomously, without the need for user feedback or intervention.

Fig. 2. Three Mondrian-like paintings generated by MONICA
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