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A Study on Image Preprocessing Filter Using Genetic Algorithm

A9 (HRAEAAAGE), FAE (lhd et 7))
Sung-Soco Dong (Dept. of Digital Electronics & Information), Ji-Hoon Koo
(Dept. of Electrical Eng. Inha Univ.)
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ABSTRACT : In this paper, we present an image filter using genetic algorithm. The
filter is robust to the characteristic variance of image and noise by evolving the
parameter and combination of image preprocessors properly. Also, we have adopted
adaptive mutation strategy, which uses different mutation rate for specific region of
chromosome. The filter is implemented on FPGA board and controlled by host PC.
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Fig. 1 Genetic algorithm
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%7] < (population) 4L AAA (chromosome)®] Zel7} 1,200bite 2z LA
(individual) S 2FHa4 Ads) Ak, AGe Fre e el waps Aos)
zbzke]l R sEe] drhy el A3k alerte] Bk v]ssel)h. o] el A of
Abed Fiel WA o G FARIER A S A ke R dA i

e (selection)& oA Q- FollA A ert 2 FRAE ofg Al Al A& 317
A3 P dxRlEZA . oM E dubEl BEudEA WS ARSslsich a)
(crossover)+= 6708] vl A& Ef2Aow AANA s ghEge A3t F 7o) F4A
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4704 SRAM Bank, PCI ¢l¥#e|x~g Za 3]+ Celoxica® RCI1000-PP REE A%
sheich. ghel Aelajefd dolele] ofo] Wk JAAelel SH4 nEAS] SRAME 9
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Fig. 2 System architecture

Alel A ~E (control register)® AYH] F A ~¥ (status register)™ Host PCAHY =
237 FPCA9Y] A& %4l (handshaking)S $13] A=, 94 dlolg], A3t= H7}



Ay g dAA delHE A SRAM A+, 32bit WA (bus)E  olEs4 FPGAS
Host PC A}o]S o]Eahc}.

ARG E A4 Es, 2 dAA (chromosome)t A4 A 357 (chromosome
decoder)& AH F33 (genotype)oll A E&3 (phenotype) &2 WalA o). GAA 2
9 E A(bit string)& 2 71589 AvEE AAsta Vs R ERe] AY 4 =7

H2 2 5 ARgstel e, 4] 543 steele o] B 2 e, 1ea gepelE
= kel M9t thEc). s157] (decoder) S B34 GAAE sl de

2 3= gebvle Je 2 ake A

AYA ZHole 75T Ee dAviHE B% 1.168bit, 7SEYEZY 23 A4S &7

913l 20bit, = 32bit Wx(bus) Fol Wi HolgE whE7] $8] F7F2 12bit, 25

1.200bit(150byte) 2 A =3t}

ChyromosomeLength =1, 168( Parameter) + 20 combination) + 12( dummy)
=1,2006i¢ (150bvte)
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Fig. 3 Chromosome decoder
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(D) A A4 7155y, %539 Fe(Homomorphic filter) :

o)A e d Ak &9 (illumination, i(x, )3 HFAF(reflectance, rx,y) AAE02 FAEE= 3
b“(optlcal) dAarolr). o] Heje] AL olzdt B3t dAate] wial o4 AT, 24
7171 18 A A%l

A2A]
g A} f(x,y)% Fv-vkal 2dl(illumination - reflectance model) & ZE&3pbd (1)
Ax, v)=ix, r(x,v) (1)
Zalo (fourier) ¥ 3te] 28 =3 BAAd R 2a] 8 93] z2(x,v)=Inx(x,v) 2L s}z,
g2 (function) H(wu,v)& A&, A (2)o2 3=, Ax} JGAake A (3)3} o] vepht

.

2x,v)=Inz(x,v) +Inrx,y)
S, v) = H(u, )7, v)



= H(u, )L u, v) + H(u,v)R(u, v) (2)

g(x, v) =exp[s(x, v)]
= expl7 (x, »)]exp[r (x, ]
=i (2, M7 (x,9) (3)

A(2) A B 4 gl5o]l H(uw, v)& AAsA AAg ez F9 (illumination)d#& 4

7z 5 }\}\E]'. H(u,v)2] W% gebelel 24 84 (chromosome)?] 2bytes &wahgdc)
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(2) 5 WA 7158, o5 ey Ze(Multi-band filter) :

ol viehb Abed& AAS7] A ARSECh Abed o Feir) A Fabg o3y
W2 depxlcka 7b El?iﬂ—%‘q], Arod-g AAs] s 7P el Ao} MeFg A
g o] Hefol we} 7l A el oo gk

f(x,y) - FFT — H(u,v) — IFFT — g(x)

H(u.v)el ddi= vh-&3} 2o

a b

Fig. 4 Multiband-filter

A ES] A BAE 1G] A A 2byte, F 0= S 3 dbyted T
3 e AW A5E 3570 olshw goldeith. B 140bytert FHrh

(3) A WA 71522 w)et e (Median filter)

et vlaz Ao &dlE ALl 7k e Adste vAdd HeEA gEa 4
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Fig. 5 Median filter mask



(4) vl WA 71552, 2o £ FE (Local enhancement filter) :
Al disfA A W F-EAQl AR BEAA w o gakS A= Hh o}

G(x,v) = Alx, [ Ax, ) — mx, ]+ m(x, ) (4)
where A(x,v)=kM/o(x, )

m(x,y) A+

olx,») @ vhaz G 13 A3}

A5l jJr'j)r‘j B vlaze] vl2, Azl =718 AAs] 98] 4 1byte, kibs $13)
1byte. X5 3byte”} A= <lc}.

(5) &l A 71eE5H, sl a9y % Iy (Histogram equalization filter) :

JAe] A A ®(gray level)d wE7F AFE e FES HTIE o83l FHEAH E
X5 a2 g}k AAH] s|~EE 53 (global histogram equalization)& 3§+
o A4xE detvleE 9l

3. Algu

Xilinx VertexE20003 2Mbyte] M =2 HHA3l 471¢] SRAM Bank, PCI ¢lgj#o]~
Z 73 9l Celoxicad RC1000-PP R Z A}&3k Aldea . 984 (chromosome) &
ol= 1200 bitoZ Hel =3 Ao} 249 geprlelE AAge}. 2¥A ZAA 9 g2
2 dexg sA = Aede] Al gAY Xy Adfel] s H3xrl Hrb(evaluation)¥!
o}

Fig. 6 System architecture hardware

Fig. 6 3 zro] Al~¥]l F-Z(system architecture)E 3tege] Abell F&lsle] AL 31y
t}. Host PCY Z2Za@lo|x PCI RrAte @] AAF F4o HAEGAS WolFd, B
zAke] FPGACNA <34Es AMe|dlA ofA] Re AF @e] o 40 °ﬂ”—°€ o B T = i

o}A] Host PCe Z2adlol dAe ¢o] A =g H7HE o). 2E PCAY 3%}
Idae]E AAET e J8A (chromosome)E, REAY FPGAR A% g4 3=~
(chromosome decoder)E A F%3 (genotype)olr E& 3 (phenotype) 22 3}

Hol WyE 333 47 =2 gepvelE AR s n 7]=EYHE] A¥ =4 2%
< AA3AIE. Host PCAY] Z=2189l3 FPGASY A% EAl(handshaking)2 Aed
YA ~E (control register)et AE) A ~E (status register) = g}, oI} dlolg], A3t



= Hrh Ay 2 g9AA dolelE EEAY SRAM 7, 32bit W Z=(bus)E o534
FPGA®} Host PC Alel& o] 5gtr}.

Fig. 7 (A) Additive noised image (B) Enhancement image
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Fig. 11 Genetic algorithm result graph

Fig. 11 & Fig. 10 A9 #3847 a8=E& RoAF 5040 9 FRsES = ol
o] o}F WY HEl(multi-band filter) £§-8 RoFa Qlol. ol Fabp 37449 9
oz EAEE e %}"Hﬂ A% A% JHE B 5 i)

T Alg 25 27] o4 = 1007, A= 50, e gE2 0.8, 7] Sddle] 52
0.05°]c}. Fe] =g 4 E]t F7HA] HE S FEA ARSIV ARSE A 2 HE]7L A
71 7= gl7] wapel Abedeolvt dAbe] Fiel whet e A7t »F ofZrk. FPGAw
30MHz, PCx 550MHzelA 433}9dc}.
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