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Motivation: Line Strokes

@ Riley et al. (WCCI Barcelona, July 2010) compared 2 representations
e variable-length classic genetic algorithm and
o tree-based genetic algorithm.

@ Line strokes to generate evolved images
o best fitness was ~ 9.4% of the original image,
e using a tree-based algorithm.

L d B
15 Fimess=0.10 Fimess =0.095 Target Image
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Motivation: Triangular Brushstrokes

o Izadi et al. (AJCAI, Adelaide, December 2010) used GP for the
creation of non-photorealistic animations

e unguided and guided searches: the guided yields better results,
o filled and empty brushstrokes,
e reported results are:

e unguided: ~ 5%
e guided: ~ 2% - requires the source image in the phenotype rendering.

Eval 99404
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Differential Evolution (DE)

@ A floating-point encoding EA for global optimization over continuous
spaces,
e through generations,
the evolution process improves population of vectors,
o iteratively by combining a parent individual and several other
individuals of the same population.
e We choose the strategy jDE/rand/1/bin
e mutation: v; c11 =X,.6 + F X (Xr,.6 — Xr,.6),

Vij,G+1 if rand(O, 1) < CR OI‘j :jrand
@ Crossover: U G+1 = s

Xij,G otherwise
. Ui G+1 if f uicg+1) < f Xi G
o selection: x; g1 =1 ' + ( PG+ ) (xi,6) 7
Xi.G otherwise

e includes mechanism of F and CR control parameters self-adaptation.
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The Proposed Method (Encoding)

@ An individual encoded image is stored into a DE vector:
x = (x1, X2, ..., xgTmax, F, CR, TL, TY), size is D 4+ 4, D = 8T,

@ the scaling factor F and crossover rate CR as used by the jDE,
o then Tt and TY follow.
@ The parameters TL and TY define the number of triangles Tj:

o T; rendered in the evolved image,
o Tt and TV updated similarly as the F control parameter.
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The Proposed Method (Genotype — Phenotype

Rendering) 1/3

e DE vector x;,Vi € {1,...NP} constituting a genotype rendered into a
phenotype image z; (to be compared against z*).
e Each brushstroke is represented as (c«, ¢y, r, o1, o, bY, b, bCr):
& €0,.,R), ¢ €[0,...R) re [o, #) a1 € [0°,360°),
a2 €[0°,180°), bY €[16,236), b € [16,241), b € [16,241).
@ ¢ and ¢, define the center of the triangle to be rendered,
@ r defines its circumscribed circle,
@ a3, ap define the points of the triangle on the circumscribed triangle,
@ bY,b% b are the color components of its brush.
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The Proposed Method (Genotype — Phenotype

Rendering) 2/3

@ The triangle vertices encoded by x;

construct T; triangles,

o each triangle Ty = (cx, ¢ r, a1, a0) Figure: Triangle brush definition

defines vertices as in Figure on the
right, Eq. 1.

@ For optimization, the YCbCr color
space is used.

@ For rendering, the brush color
b)/b¢" is transformed to the RGB
color space using the Eq. 2.

Eq. 1 Eq. 2
Py k=L(cx ktHrk cos aq g,y ktrgsinag )] b =[1.164(b) —16)+1.596(b{" —128)
Po k= (cx ktrk cos(auy g+m),¢, ktrsino x+m)|  bE=|1.164(b} —16)—0.813(bg" —128)—0.391(b " —128)]
Py = L(cx, k1K cos ag kycy ki sinag k)| bE:\_1.164(bz/716)+2.018(b,§b7128)j
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The Proposed Method (Genotype — Phenotype

Rendering) 3/3

@ For each triangle Ty, a solid color is rendered,

@ over the brush area with a transparency factor %

@ which makes the color of the brush: by, = L255bRGBJ'

@ this is analogous to blending each triangle as part-transparent triangle
withing the evolved image:
e, = ¥ %)
Trover(x,y)
@ Triangles defined over the edges of the image canvas are drawn by
clipping away pixels outside of the canvas area.
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Fitness Evaluation

o After a phenotype image z; is rendered: it is compared to a reference
image z*
e using the evaluation metric:
ROWRY kg «G_ _G «B___B
> > Iz Iz 2 Iz -2,

f(z) = 100 x 2

3X255X R, R,

@ The obtained result is the similarity of the evolved image and the
reference image.

@ The goal of the evolutionary process is to minimize the function value

f(z).
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Results (Experimental Setup)

@ The parameter sets are:

NP = {25,50,100},

Tmax = {10, 20, ..., 150},

RN; = {0,1,...51},

MAXFES = le+b5.

A total of 45 parameter settings, 2340 independent runs.
Rendering: GDI+.

The experiments conducted on 4 images of size 100 x 100 pixels.

e Additional experiment: all images evolved up to MAXFES = le+6.

Baboon Liberty Palace Vegetables
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Results (Experiment)

Best fitness values for all parameter sets for all images, MAXFES = le+5

Table 1. Obtained fitness over T and NP test instances Liberty and Palace. Table 2. Obtained fitness over T and NP: test instances Vegetables and Baboon.
Liberty Palace Vegatables Baboon

NPTow| Best Worst Aversge STD | Best Worst Average STD NPTuw Best Worst Average STD | Best Worst Average

% 10 093095 05233 | 860 1369 101362 09655 % 10| 143 1721 157260 0718 | 1502 1859 1638

25 20 783 115 912173 0.8092 25 20 1256 1803 145658 0.9850 | 1344 17.12 153815

25 30 7 L1 89T 07992 25 30| 1233 1508 139215 08175 | 1299 1903 150204

2 40 10.4408 1136 891788 0.8022 162 1621 13674 10436 | 1199 14,4342

2 50 106767 1253 88742 09788 1216 1708 1385 10726 | 1139 114573

2 60 10,9858 1188 08761 IL6H 1TSS 136438 12155 | 1174 LL803S

2 70 1317 L0182 1120 1705 13.9056 13790 | 1188 146267

2 %0 1231 0.9765 IL6L 166 LLOSTL 1388l | 1210 143606

2 90 1351 12736 163 1796 11062 Lais | 1193 146644

25 100 12.96 0.8869 8117 M5 Ldgoa | 107 117642

25 110 1442 12468 17 LL6OS5 L7661 | 1202 15,0046

2 120 1513 13149 12.26 MTT3T 1572

25 130 142 10292 12 116338 19283

2 110 135 1.0299 1191 147635 16252

2 150 1491 L0386 1282 L6187 13015

50 10 181 08825 1803 15 LLOTZ 04674

50 20 139 0.9592 IL66 1826 124641 03181

50 30 1258 L1186 1121850 122035 0628 32

50 40 50375 1224 0.9537 50 40| 1094 141 12188 06656 0.6090

50 30 8.39: 1.1 L1009 50 50| 1L01 1392 122006 07609 06301

5060 867115 72 1249 754 50 60| 1120 1586 125506 092 06161

50 70 9.1025 0,866 128 11086 50 70| ILIS 1521 126104 08682 06510

50 80 9.4T98L 08680 1.1 L0178 50 80| 1L32 1526 128610 07658 0.8087

50 90 96736 09115 1341 09315 50 90| ILS1 1528 130077 08038 Lo

50 100 100152 0.7821 13.62 0.9923 50 100 1072 158 135058 09565 07972

50 110 10,6356 0.9682 177 50 10[ 1202 1592 135201 08750 07505

50 120 107502 0.9540 50 120( 119 1687 13820 L1151 0.7265

50 130 527 07 50 130 1251 1597 1L09A 08855 08250

50 140 15719 5 50 M0 1216 1707 148198 12154 08865

50 150 122633 10702 1536 0 150 1311 1798 149838 12072 LouTs

100 10 7 0.4211 1388 100 10| 1256 1619 139815 08083

100 20 0.5360 1459 100 20 181 1645 134701 101S3

100 30 1.1563 1615 12.9008 100 30| 1183 1764 139133 13

100 10 11092 1497 132477 00 10| 1200 1795 LL6354 L3

100 50 13039 1552 13,8606 00 50| 1sT 173 149156 1

100 60 L1530 1610 101856 00 60| 1232 18 1521 1519

100 70 13722 1632 143620 100 70| 1213 1805 156513 12457

100 50 14093 1706 149318 100 80| 129 1586 162008 L4121

100 90 13483 168 15104 100 % 2000 163233 17780

100 100 116604 14952 1762 1536 100 100] 1208 2055 167275 L7119

100 110 123365 15685 1786 16.0202 100 10| 1376 2018 172896 L5242

100 120 338 15076 1799 100 120 1312 2062 17.626

100 130 182212 L6108 1887 100 130 1332 2012 17.9052

100 140 137808 15502 1835 100 10| 1408 2052 18216 13 20 17asT

100 150 146113 10726 1834 100 150 1497 2019 191221 12128 | 1475 2113 19488 16872
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Results (Fitness Convergence Graph)
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The fitness convergence graph of the best runs for all images.
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Results ( T; Dynamics Graph)
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The dynamics of the number of triangular brushstrokes in the best vectors.
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Results (Image: Baboon)

Baboon
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Results (Image: Liberty)

Liberty
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Results (Image: Palace)
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Results (Image: Vegetables)

Vegetables
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Conclusion

@ An evolvable lossy image representation using a jDE algorithm.

@ The performance of this encoding: competitive with the GA tree
representation.

@ Experiments show promising results on sample images.

@ In the future we would like to address:

o different evolutionary operators,
e change control-parameters updating, and
e testing on more images with different properties.
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Thank you.
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