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livoh{lo,xry dgorirhms llke G.adic Algorirhns (cA) and c€neri.
progmnnins (c?) .re donritr-initcp. €nl pr.btem sol,i.g ,ppmach., n,
Nhth cospu.er lJrqrrhs aE elnlr.d to sotyq or .lpmiina.cty soh..
Probletu. Lcrning ,rrtddr for im.8e denolslne mroisr of mi'imizing a
n'n.iioml. Bhich ircorpornles bo.h rhcdrb rd sone p.nrlryl.rn. Choodng
rr'e p.niliy lom 1o invdlvc rl& lotatvr trrio'ottL.iEageha!thordunrnge
ol cleaning sFeckle! wirbour .noorbine out the edges,In rhis p!p.r, our 3MI k
10 inle igrre lhe ueotg.noticllgorithnx to hidmi4 ttc frDdoral

xelyords: Evohnionary aEoilhms. ielge p6ce$ins, noie rehovat
iApplied Scienc. Dcpt. Uiiv.tsiry of TecinotoA]/

r*til .L+.jJr+ .rrl-li !..1i & *r.!j ir jl

J-".1 +\--i p !r.J ,.|rJlnr i..4+r nr]-jJrri & x!:Jl 4nj]rr
&--.1 .&t.1,ll J,J Cd, ii-l:lr e.U a, 

-dE 
arq dlr. t il,!!l Jaj &L"r,

., j-+ ui !,Lr nl,!i, *4 airr Jrl dnl .,a r,ar a drd cr_! +3rjs !rJ,:li irLji cr*Hr ,,i ;JJ'..! J#! e,.+- sl" 1r+!3 
'ljitr u- J]/rr,isj+r J+ir rr Jr-ir.1 1ir / ;{j,+Ltil ri .jrJ.lr l}G lrr !.lry EJ;

ocneiic Algornho (cA) is
bsed od the Dlwiiian principle ol
re0roducrion and sunival olrri! fift*
rnd is rnaldso,s to ndtumlly
o.cutrire geretic opdations suoh s
.losovd.and'n!krio. [1]

OA hrs ben us.d in a qide
r.rge of ,ppli.aiions aod has
succeeJsd ii solvin! many probleins
nrn as prcdicrior and clssificdion,
magc ud signal pr@o$irrg,

op!fr lzdior j nrmri.l rading. robors
and autononori a3en6, dilcial lifel

In the Lar d6ad.s, rhe licld
olimge pice$ing became frore 3trd

'no.c 
onractive, rrl$nsd by rhe

.onti',ues .draice of elecri.al and

.oi'pnE' .trginc.rine. The in.reasing

.JEi !!.i! dr_rd dlnt ii4.Jl +.jJlJEI

ol lhe compuriig (pmce$ing) po*er
rllo*s considBrins succesfully
rarious applioarjons 1h. rypic.l
i'nagc proce$ing sy$em co.shls of
*ve6l dillcronr buildins blocks thal
pedom dntln{n . r{srs

ADonB de0, dr. noisd
removd is one olthe 

'no$ 
com'non

encour.red procssing ftpr. Ir rhc
same rime. thc lnr.m nm
.neinecing intodu.ed rc$ corcepls
md rechtriqu$, has ,moDs then,, rhe
cvolurion y.otr,ptrlitrg ein.rged ar a
piomising soluriotr loi ievcral
poblms. 'Ihe evolurion!ry compu-
iiry do'nair consh6 of fl *t dtnaiure
'inspired algornnns atrd paradigms.
.s lh. neualnelworks dnd lh.CAs

Man, researchen inve{igaied
rhe appli.ariort olcAs ir indg. (or
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signal) prcce$ing, hi8hliShriig lh.
b€nefirs obtdined b, fien use in
incre.sing son. qualiry measurB or
.n adoptive behavio. of diff.rent
classic 

'norDds. 
Thh co'tiburion

investieEhs ihe use ol CAs in imaae

Thh paper proposr !
compurarional lfl4tlve methon for
th. Ssn ric hased noile re',oval thar
uss a noderiee app'oach (no
a$Mptions beinS made on $e noise
distribulion or the imase conrenB)
The moin o einaliry is lh.l the
popo*d nethod u*s onjfici.llY
Gynthesi&d) te{ i rSes ror rh. noke
e$iaarlon.id nker dosig!

Thc variation mclhod lor
image pr.ce$iig p.oceeds by
minimizing a fulqional, rhdafitr
*fened lo d en &/, rhich dcpends
on the inngc atrd ils space derivarives
(g{die!t) The one tha( is coisidcred
is rhe n'n oi
rcpre*trB rhe deriation ton . dal.
image z, which may be narcd b,
troisc, blur or specklcs, ard lhe orher
incorporalcs tho u.iaiion in the
6&ti.n (in the marl'enElhal scnse)
The l.st tem p.nllias o.cillations
sd imsulaities, b( does notemove
iumD dh.onlinniries.liogdher Such
disonriiuities arc considead
necc$ary io Pftse(e rhe inlormdtion
concnt GharpBs) of nie im!!e,

The eneqr we mnrnize isl

tA,la , )+ G! v
*here z is rhe dm nn.gp ed the
s.cond inle3ial tern represents lne
variatioD i! nre ddndidde inage u.
Whsn rhore is blunine, A rcpftsent
lhe action ol bluEinE opddor, Md z
is dE blufled and nony image. Herc

bc the ide it) Thh is lhe "puftly
desonlrg' cass lf u h nnNth, thc
*coM Em clea.l, measres its
ryehge !$illarion over llre domcill
bu d'is inteFal tn ray rcmain
bounded nen ii u has juoP
dnconliruilies (rs oie expe.ls of an
imase). !_or .rampls, il u n thc
.hro.i6kricfrcrion of Ihe unitdiso.
thetr tle *coDd intesral tem will b.
csctly !N, , *hich h the amourt ol
''lalloff' ol n inreE Ed over ihc

Itcmtive metho& loi carying
oul ihe mininiation have alradY
bed impl.frcnted [4, 5]. The
convergence rate to th. denoisd
in!8e sftms io d.pend dn ia
moorhne$ FiSuE I illu$mics llle
use of lh.se metlDds in the onc-

Noc ihat lor a c ti€l value
ol fie c@ffrcimr q rh. 6inimi4. oa
Iie mer&/ d*elops rhe shar! edg. at
the ehe localion as tho original

3. Cemtic AlgonIbn. (CAs):
Tl. GA is dcruolly not a

siryle aLgorirhr, but radrer. o cla$ of
merhods, which p!'pon to ninimize a
runction, denned 6n . domah by [5,
7,31:
discreiizin8 LIre domain $ $at a

v{ror of fixed lengh N
(chmmosohe) cod$ eacl value oi the

randonly selecting .n innial
populdrion oi chomosones by
smplin3 fiom rie domlin using a

lening rhi! innial populalion evolvc
over a gircn number df geieralions.
The bey fit nembet of the la$
genehtion h raken 6 dre solution,
TIe cvolution ru1es, which ury, mt,
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lng&TEi]r]o.y,voa'No6,,@j

a) S.loc{ioD, based .i drir tirne$,
ftndomly selcctcotrples lor mlins.
b) Each couple njll Droduce onc lor.
ahenativelr, r*o ) otr spdng: by
ran'lomly genem.i',g i (cro$ovcl

c) Tne ofspr es now lons tlr ner
poDuhlion, *hich i5 ot rhc sre siz.
as theprelious popularion
d) An inremcdiaie ( .nd desiable)
srep betBeen :lh and 30 is ro hnrare
randohl)r some of rhe offspines
See Figuc t for b6r underiandiq ot

As a b€giDnine, *e e
confrnire dre imaee ro be one.
dinensional, $ rhar N. rhe size ofihe
srale variable, is rhe sir ol rhe
discreti4lion oftie inerval Si.ce tte
ener3}' i! a coNex futrctioMl, d
prclihinaD step cmsi$ i! tesrine lhc
leneiic algorithm on th. limplost
coNer problcm, nanel, minimiE xi

Our conrml pemeteu
includo all dE probihihies govmill!
nte nndom .vents. aid how ro
eeneraie tie crosover de, While se
do noi oipcct iro geneti. ilgorirhD ro
ou9errom rhe diEct (tentiye)
m.rhod, it qjll be of irreres ro $c
io\ well napprcriiEtes the solutiofl,
dnd lmw rhe execurion rihe gmws
*iih 

'hc 
si4 or lhe Prcblen [6].Arod$ advastoge ot (tre

Sendic al8oriihm .dhpced wilh
dirql nr.thods is dEt it h mucn easier
to oode. Wo arc minB MATLAI in
our ounent pDjet soe FistrE 1.

For dre CA soine iens hlve
bee. nade {irh the sal.rproblem lor
coding and i mproe iis purposes. Altei
thG d6p, se $aned implemehring d€
onldidensional qse using thc fir(
tsm ol dr iui ,on,l ro hc

EloiunmnqlLgqihm

fiiiiDized. 1ho fict krD ol the
lirmliona I I d hc rciiz.d as]

!lx(u-z).
whcto dx isilrc *id$ ofsach pi*j.
We r.sed rhe depeDd.ic, otrhe fiiat
sol ion u with respect ro lhe

The numbcr ol binary bns
mding rb. in&nsity oiea.h Dixel, rhe
nn ber ofS.nenlioE and tho siz. of
the populalion. FtuEs 46 drcw
those d+enderoies. As Figuft 4
shows, incrc&si.B rhe number ofbits
iftpbres tl. appoxifrrlion. Figtrrt 5
shows lhar iirHsing lhe nurber ol
3lnflalions in rhc mng! 5 ro 20 aho
imprcv.s tho appmxiDrrio.

For lhe 6s of the siz. of
population selecled fi8u.6 ae fotrnd
6at il n nor ne€sury to ilcrcaslhis
iumber iDdefinnely ld find d good
solurion, in ourlesta populaiion.f 40
*as eiough lo ,tu1 good
apprcximatiais cdnsiderinE dre elleor

Prcl jmioq.- expe.i'nenlswith
l.rts nsober of pixek segm to
lndi.nle a de8ndilion of
perfomanc. Our nexr tssk is to
check shcn\er r; h tue and if so,
why| lt is impeBtire to addre$ rhis
que$ion belore sdins on lo tho Mo-
dinorional cr*. Aner fiat rhe
empleb luicriondt, in.Luding lhe
penaity renn nus bc ihpleme ed.
O E ifrprovement Drun bc ro add
mor€ sratisiics io nhe code in order lo
lrac( tho psrloinancc of rhe
.lgorilhm In addirion, se have 10 do
some rcnnen. of dtr fiiness



Refereb.os 5. Bosees, G anJ lvlukhoclh A., The
I Ketrr A and Willims J. G., Applicatjotr oi Gerdic

Encycl.Dedir ofcohpue.scieie Algolirhims io the schedulin8 of
and techiol%,, i{sEel De[ker EnginocdlgUnits, Dec]t, 1997

6. GeBhenfeld N- th. Nature of
2. (oza J R. Genelic pro-qkding Matheo .dL Modohne,

., the proe@nmiigof.omputen Cimbridgc Uilve6iry Pre*,
by freans ol nirual lelection, 1999.
Mssachususs Imtilure ol ?. Goldberg D., Geictic Algoriduns in
Tech.ology, boo*, 1993 Sldrch, Oplimiation and

l. Venm C., Buuloiu V, Reduced Ma.hiig leamins, .Addison
onpuhrk', gcnoli. rlgoritlm lq wesley,1939.
noi* Erov.l, Buol,dre$ 3 N.groi - Mofterc P.V. A genetic

'l.lilehnica",PP 15-52 al8ornh'nforco'npnti(Ssingular
UnireEit), Roma,i..2000. tuinniiz.u of lhe caloulus ol

.l !og.l,CRdndOft$M ,Ithtive va aiions, SLAM J Sci Comp
merhods for &lal $riatidn 114:177-20,2000.
denoGin8, SIAM J Sci ComD

647



- ,, " ii,,- .. - ,.

Fk. l. lrr)irg poralty rcm n.oNtru.tion or,sitrglc
nep imlge in the Nbseoc. ofndisc b' !n ner.rivc n.iiori.

z"*

! is.:: (ntrerrtc\ 
'.Irsriruhon rn no*.t,rrl torh.
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rig.l: lnergyrs. Gencatiors PEliminrry i$ults
ror qen.tic rhori.hi

Uig.4: vnryltrg rhe nrnb.. of bitr, rhe solurion aruroina.a
d'e siven in.e. z.
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Fis. 5r va.yitu runbe. of sen.rdioN-

Fk,6: Vrrying the , mounr of popul{ion per ft€iadon.
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