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Fig.(3) Restared images of Fig.{1-¢) after:
{a) 1iteration (b} B0 fterations (c) 30 ilerations

(by MSE = 1.5 (¢) MSE = 1.4

Fig.(d4) Restored images of Fie.(1-d} ufter:
{a) L iteration (b} 10t iteratinns  {¢) 30 iterations
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Fig (5) Yean Square Evvors (MSE) Versus oo, of ilerations For:
{a] Restored irmuges of the degraded imape shown in Fig(1-D)
(b}  Restored images of Lthe degrauded imupge shown i Fig.(1-c)
{e]  Restored images of the degraded image shown in Fig.(1-d)
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(d}
MSE= 2246 MAT= 1156 MSE- 1026

Tig(1)
Orriginal imaxe, “Saturen rings™ of sice 1282128
Degraded intgje with Ganssian blur funetion of & =1 sod with addilive Gaossian naise with SNRE=10 di
Degraded imege with Ganssian hlor function of o -1 and with addilive Gaossian noise wilh SNE=20 dB
Degraded image will Cavssian blur funetion ol o =1 and with additive Caussian naise with 58K Sl dIb

(b} MSE =943

Fig.(2) Restored tmages of Fim(1-b) after:
{a) 1 ieration  {b] 10 jlecalions {c} 30 iteralions
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Conclusion

I rthis paper. we constmct an udaprive
eralive. Wiener filler o rastore the dewraded
{hivrred wnd noisy) images. The aim of this toclod
5 0 estimate Lhe power spesiral density of the
origingl Lunaee fron: deuratted image using wn
itcrative merhod,

Fromn the above Figures, we can conclude
that the adoptad  itorclive Wiener filler is an
ficient method to restore the degraded inmges,
W alse. conclude thu the mean square crmr ol the
rastored images decridses with the inereasing (he
number of irsaticns wntil the result cagvergeni.
Muorcover, the comverpeaee, moslly, happens atie
) iteradions, snd also decrezscd wid inereasing
SNR. ¥inally, we van conclude thar the vatio of ihe
MBI ol the degraded image o 1l comespending
restarsd image al dteration 30 will inereasad with
increasing SR, ie this method has betier
perfonuance for less depradation paroncioms, e
with higlt SNE.
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[terative Wicner Filler

Wicner OTler requires a priogl hnowladoe of
the ponver spectral dessiny of origingl imake, which
iz, practicafly, often uwnavdilable, Thus  ths
catination ¢l pawer spectral densicy of the original
image 13 & cructal problent in the restoratio: Deld,
The second epe of restorarion tachninues rhat
rencaves some of e gymonplicns osed i e
derivation of the Wiener tileringe [5, A} which i
koown as an itgrative solution, Uhe  ircrarive
restorction Mher hass an inleresting benelil over e
oo shot salution (nen iterative filter) 15, &3 This 1y
Bocause an iwraive goluton Bilds cpo e Gl
until a epavergence endpoint [7]. Therefore, the
main ann of s paper i 0 esGmae e power
spactral density of the arigingl image using an
dlapled dlerative mclbod, The process of s
algoricthm bezed on threz major sleps, theie are:
First: cstimation of the power spoorral daonsity of
the ariginal image wag constricted fom previees
Heration |50 8], using the auleeorrelation Tunctio:
of the whole image nstead of splitting the image.
Sceond: Wiener FRhor that have beon used o
restore the degradad image wers adapled o spelial
domain (9], Third: The fterations eontinne il tha
mein syuare error "MSEY converges.,

The prozess af the adaplad ilerative Wicuer
filter is hsted helovmw:
Initaal data:

B (0)= &, = Elgy| and &1, = 1 and
R _F [ﬂ,n']
Constract Wiener filter:

Bilil=0

(=B, (Dp + &, ]

Wi 1)=R GIHZE) D
Restoring the image;
P OR T D 74 (iR (1)

Eviluale MSE belween (i) and $(i+1}

If | I‘-}ISE{i -+-]:l_‘i Mﬂlf(ij li' o then ewd,
elae enntinne Wheea pis - ve vaiue, dutemiined by
caparieice aod trial and errer.

C+1 = +1) (17
Constresc! wew image power spectral:
R (1)=&l 1+ 1)
— FW G et e i - )
=i+ R I +1)

Avad A, Al-Ani

= R (AR 2 IFRG) )
GOTO step 20

Besnfrs and Disenssion

A color magzs ol [2E®IZ8 pixels sirg
Suturn rings-image, us shown in figoee [1-a},
wis Lssd o check the guality ol the adaprive
werative Wisner filter,

Vhe depraded (hlurred and noisy) images are
simulated as lallows:

L-The  blureed Amulated b
convalving he original mage with Oaessian
fimetion of standard deviatton {7, one values
ol ¢ - 1 has beon taken.

2Rancoun noise of Gaossian distribution with zoro
ineais was added fo the bliomed e (obldined
in step 10 DifTereny MR - 10 dB, 20 dB, and 50
dl3, have baen taken.

Figure ([-b, Loz, and 1-d) shows the aripinal

naee afer degraded with Ganssian blunring

functiom of slandard deviation (o =1) and adibitive

Crauesian noise willy sienal 1o noisc ratio (SN ax

10 dR, 30 dB, and 50 T respectivedy. The iguse

shows, alsy, Ue Moun Scuare Emor (MSE) of the

depradzd image with raspect to the original image,

3- Te reslore dhe ahove simuolaled  degraded
s, we constrect the precedere listed in
selion (2],

Figwre (2) shows the rosteecd images and the

correspending MAT fir the demaded imape that

blurmed with Ganssian blur of er—1 and SNR—=I1
g8, after 1 oration, L iterations, and  3b
ileratioms, respectively,

Figure (3) shows the restored images and the

correspending MBL for the degraded image that

hlumed with Gaussian blur of =i and SMNR=31}

JB, afler | greraricn, L0 iterations, and 30

Ieralinny, r-.,'.-,'pl_'L'l:v-;;l_'r.

Fignve [4) shows the restored images and lhoe

contesponding MAL e e depraded image that

blurred  wilhh Goeussizn bluar of & =1 and with

SNDR-50 JB, aftcr | theraiwan, 10 iterations, and Al

iterulions, respeclively,

Fizwre {33 shows e MSE for the rastored udyes

versus o ol lerations for the desraded imags

Llurred with $rauzsian bBlur ol o =1 and with

SWR=1040, 30045, and 30 dB, respectively.

New vt by experience  and  Jor
tathamatical simalieiy, we fined e oo of
itcration 10 30, since the convergener is done [ess
than 207 iteration. Bul, lor more safety and
cartainty we ke no of ileeuaon cqoaf 30,

INEaoeEs wenr
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Ahstract

In this pagern, an ierlive Wiener filtar, were adapiod . The aun o s mothed 1510 estimare the ponsar
spectral densicy of the arigingl image from depraded image vsing an ferative method, The adapled Jiler
was designed for restoring astronomical imagzes 1hat are blarred with space-inveriand peind sproad [unetion
nd worpred wizl additive noise. Dilerent dapradation parameters, i.¢, differont signal to noise ratio were
eonsidered. The rosults wsing an aduptive lter were comparad, quartiatively, wsitg s square errar
{MEL). BResilts shewes thar this method las betler porfoomanes (o restaring the depraded Images, cspreially

tor Righ sigmal to naize rario,

Intraduciion

Mathematical degradaiion model is oiven by
[1.2):
e{X, ¥} =Fle,y) @ hix.¥) - nla,p) -1}

Where, »{r, 1) is the depraded image. and
f{X.j’) iz {he ociginal "ideal" Bnage. }I{hT}"] 15 the
blarring function, called point spread function
"PSF". whickh was assumed to be space invariant
Psl [1§. The binr meay be spuoc-invarival FEF
YRIPEF" or ospace wadant PSCO"SVISFY. For
mathematical stnplicily, many iypes of bharring
cair by approximated as SIPST oc isoplantic
pracess. Taus, e imape cun be represented by o
convelution of space invariant [5F with the isal
image f{}{,}'J (1] n(x,}-‘} 1% lhe natee (nction
which was awauned w he adiliive, Caussian
distibution with zcro mean, and indzpendent wilh
the ahjest. & denctes convolution process. Lo
case of gampled image, eyuation (1] takes e lom
Ay
a=H+n s 2}

Where, i3 a blwring function, # is a
white (raussian noise, f & the crigingl image,
o5 the degraded image. Woe prodor this
iMAlion  since it i compact  and
Rostoration, provess is i sliempls 1o recnestiict
any dmage et las boen depraded using a prioed
knowledne about the degradation plenomeon.

and

aEneral.

Wiener Filter

Woener filler, minbnizing the muean sy oared
errnt herween the original image " fix, ¥)" and the
restored inage "F{ )", is often used to resiore
degraded inages, Wiener [ller ™ 'W{u, V)" wHn be
desaribed in the fagoensy dmoain s [2]

.‘ .................. (3

Wliere III__l:_'LJ.=‘.-'} 15 1ha Foorfer trensform

. TR e
W o u) E_(";l- —
Lo s R
Ty = ==
| ] J:Il S,-{u l.r];

~

(FTy of e expected FSE, = demdes complex
conjupate, 3, |:LI.,‘-') and 3- {u,v] gre the power
spectral demsiny of noise and signal, resccotively.
Shoee, the power speclral talin ol the moize and
symnad, almosat, wikoown, Gioreiore, s ratio i
gstimated by Signal to TMoise Ratio “5KTI"
marameter, |1, i.e.

Autuwd P . e, 4
Sedw,vy  [SHR)

lence, &g, (3] can be rewritnen 23 Follows:

Hofu v} R |

{3‘.*.';? ¥

Woiener [iher, 4.0, eg.(3), o matrix (oon W " i
given by [2]:

W R HRE VR (@)

Fin,v1c ‘ :
|.|’_|"|||:z.r,1'}|3 +

Whers H Y dunotes matrix inverse, amd buld
represeniation means marrix mudeiplication. F.'J.
and K reprasent the enrrelation raatrices of [ oard
1, respestively, delined respectively, by 23]
K.= f.‘l__r'._f"J angd K — F.‘-[!‘Z.H*J

‘here, F[] dznotes the expecration cperaticn.

L

Fioelly, the restored imaae "‘fl:;:{,}')", TES R

Wicner fitber, is oiven by

fixy=FT W) Geav)] oo {5

Fguadicn (87 i maleis orm i given by

Tl =W e, ()
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