Jeornal of Al-iNahrain University

Yol 8{1}, June, 25, pp.1-5 Scicoge

Atmospheric Turbulences kmage Restoration by Using Unconstrained
Restoration Filters

A. A, Al-Lihiche

Computer Seienee, College of Educaden for Women, Baghdad Universicy

Abstract

Image restoratione provess or deblureing 5 dbhe process, inowhizh the jidea! imaze is cstineed feam thar
Faving a blur and noise and resuiling from differeac degradation lactors such ws tineas mesion bepween olject andd

camerh, atmespherg irbulenoe and optical abherslions.

In this reszarch, urzonstcained Lincer restleration Gllers, which give the seleiion (e the aplimal inuage 3 b
ame step without ieration sueh @8 nverse Eler and wicener [lier restare atmospherie turbulznce imapes that bove

buen photographed by usine satellite.

Introduetion

When acriat photogruphs wre produced for
renwaie senzing purposes, blurs ane inlroduced by
atmaspheric wrbulerce, whoerralivng in lhe opical
svsten, and relative molion belween the camera and
tae aranmed (1],

The  aimospaesic 350 terbolent. These
turlvalences are first cluaracierised by the delormation
ol the wave [romis seen by one teleseope. The origin
ol these turbuleoves Js thal the evenul elouds. the
pases  composing e atmospheric  move,  the
temperature and the pressure vary consmantly, so s the
iday of refracticn of air varyinp with ime and space.

The almwspheric turbulences witl allect the
patl af the ligie beams When a stac §or an asother
steloar ohject) prowluces lisht, there 13 an isotropic
distritsution of the light beants: the wave fionts are
spherical {like o sone fulling inle wwer produces
spherical waves). M we obsoree these beams far
enaunh from the star, we can lozally approximate the
spacrical wave fromis as plune wave (oo, Bul when
i plane wave frong penctrate the stmesphere, the
perturbalions due w the turbulences medily the fucm
of the swave fronls aeed they are ool plans any moere.
Thac wvariatian of index of refracton Implics differen:
spceds ol the light waves Sor dilfersnt beams,

The new Jerm of wuave frons s vurying
consinuously dlepeading on the lecal atmospheriz
conditions. These eflvcls make the lipht o be
scattered aed cause @ Blue, which disoots the image.
This distortion may cuse loss of some informalion
comained in the imaze and increased diffrculiy ot the
remcining inlormation by human observer. The lost
imlormation is irretricvasle. However, the imuge can
be processed so thal a human viewer more easity
interests the semaining information [2].

Lf an optical transler unctien of the lucbulence
can be aszociated with the torbulence and if this
funclivo is knewn then one method of processing is to
correct the spatial frequency spealram of the depraded
image by this function. In some cases, the cMect of

the turbuleocy wouy roselt o osn optical  leansfer
function, which is nrot ezsily represerted by oan
analvlica] funedon. An cxample the case in which the
turbulenee causes rapid non-symmetric chaages n the
struclrs cf the image, and the image is re-corsed Ina
shiorl perice of fime. To upply imwge procoessing
teehmiques o a single image under these condiions
require 1hatl the oplival transler Tunclion by regorided
in detail at the same ame as the image [3].

Theary

Comnsider an coherentlye  iHumiooed objes
bmaged Ty oan optical system. In the shsonce of
trhelenge the image plang iradiance desivibuation s

the distribution g5 the inpul intage o8y

The distcoibuticn is charasierized by oan e
praint spread function b (o d which s assamed o be
indepemdent ol ils location in the dmage plane ($pacee-
invariant}|3]. Thus , the image ean be reprosenled by
a coovalution of position indep@nden® cperalor
hia-x v-% 0, with the ddeal owee  Ba 0 1, 12 -

Yo

g(i:‘] = J {f{x":}'“ J:.I{\' 2% :\L..‘}. F‘:l ]&lp‘-_d:‘.n: | I"[:.L' 'l'l"
whare (x ¥ 1 and {xymare the conrdindes ol
chivel and image | respesliveny 0.2 -

g{x, }*j = _f'{x, )'J H .-’J{J:. }-‘}. (l}

whore hixy) is the puiat spread function or
bive fnghon sehich is imvariant-space blur v ane
sElilal voordinates,

This function wonvolves with the orizinal
fedge o ) to predusy the dorradaed imuspel 3]

Also, muny  of physical  mechanisms  of
recording images e.g photo graphic film er phote
seasor dre inberenily nor Hoear and cause the noise
which is dependent up on the reconded siznal [4].

For simplicicy, the noise centribulivns will
moedeled ws an additive weeo-mean whice Gaussian
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noise process with variance u:r:,_ which [z statistically
uneorrelated with the image.

Thus, the imape tmodel of the degraded image
will be in the fllowing formylation:

elr.v)= fxv)@ blx, )+ sl ) 2)

where n{x.y ) is the noise term.

For computation simplicity, the ¢.q. {17 should
be rapsformed into [requency domain by using
Fourier transform as follow[3]:

Ol — Hiewd Bl i WN{us

where O{uvLu, v o, v) and Wiaaw) are the
Fourier Transfizrms af the desraded
image, PSF original image and noise respectively.

Lngconsicained restoration techniques

Lincensorained |inear Technigues can he
considersed i the absence of knowledes akoul the
nozse n [3.60].

From equation: -

g=Hl+n
The noize ferm is given hy:
n—g-—Hf -w-em—== (3

Where n, ¢, 1t and | arc the notse, denraded
imape, poinl sprosd  function and  fdeal iniage,
Tespeitively,

T make B[ approximated p, then the ovisc
lerm is assumcd €0 bz oas zmall as possible. Tn the
othier waords, we wish o find an £ osusle at:

(T 1 e e {43

o
1% marEimun.
Where i the restared Dinuwe.
From squalico (4} . we cansider problem to
minunize the cricerion fanetion:-

J[J‘]_Ig_HEI'I ________I:':‘-:I

with respeclio f .

this is obtained by taking partial desivative
with respect (o /7, then setting the resci coua! to
rere. That is:-

3110 e

—--[-. == Zlfg-Hfy— —-————— (1}

b

where H'is the complex conjugae of the
poine spread funclion.

Then, salving equation (6] vield:

F'=sH'u—-  ————-. L7}

frem equation (Fh, the inverse (iler exprosses

as:

A, AL Al-Lihiebe

1
Hiwv)=——— - — - —— - — 5
() El{u. %) 8
by takiog the fouricr transform for equation 7]
resulls:
ﬁ'{u, V)= M ___________ (93
iI{u, v}

where  Fu,v), Gla vl and Heww are the
Towrier translorms of restorad image, degraded image
and pning spread function, respectively.
This means thal the reslored Image is chtained
by muliplying the degraded mage by the inverse
s ™

. Thus, the reslered image is
Lgu, vy

fier vancticn

LS
piven by the following equatica:-
[Gu, vy

{1}
 Hie, v}

fox.wy=FL f{u,v) §=FT

where FT' represenls Lhe inversc  fourier
transform. Eguation {10) point cuc that zospaaliona
will be encountered in the restorution process. There
may be poiots or regions in the uv-planc where
H{u,v)=0. In the absence of the nedse, e transiiom
Gfund of the depraded imape would alse be 2o ot
these frequencies, leuding to indetcrminate rations,
S0 owe see that even i the absence of noise, it
is in general impossible o reconstruct f{xw) evactly i
have zeros in uv-plane [10]:-
In the presence of naise, we bave:
ooy = 1o iy + Moo vl -c ceeeeo( 11}
WWhere, Miw,v) is the fourier translonm af naise.
S that applying the resioring lilwer. gives:
Sty vy L, ) +—NI‘“‘ L
o) 1w, v
i the neighborhood of zeros of L{wv), it may
tale ok vaiues moch smalter than these of vk
M)

iu

- i3

thus, rhe 1wrm may have lareer magnitade

2wl

than Fru) in such oeighborhood. Tle  ioverse
cransform of Goav) Hiuyd will ther ke wrongly
mfluenced by these large term, and will o longer

rescmble s, vl
[east square wicner) filter: -

One methed to avoid the proklem of dividing,
or 28 Called ill-conditioned  problem, is to find
Vot of anopnaee that mEnimizes somy measure of
dilference hetween the criginal and restored ony | 5],
Tliz mintmization can be performed by using the
least mzan squares filter or as culled Wiener filter.
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This filtar minimizes the mear sguared error
between [and . ¢ie the origioud image © and irs
restered (I 311]

] | i | Lo

Wl I8 L R I :(x.}-]} [ is mirimized

OR{z — HfYr .

Where E ...} 15 the expectation oprralur and
i3 0 parameler dependinge on the neize quantity,

Moizz estinalion depends on the assumptiong
abeur the spectal densilies of the imaze and poise o
deterndoe the aicnal Lo neise rato [11],

Wu can wrile the mathematical fornlacon of

Wiener filter in frequency

damain as lollews | 8.4,12]:-

- H (u,w
Flu, vy — —I:J'\:—{ SO | STV Y ey
iHI:IL‘.-']! e <Hed
" S, v
selere 3, 5, are e power spretra el signal and

sy, respeclively when, v =1 then the eguation

0131 15 called Wiener filter with follewing Gorms:-

H (1.v)
=403
S.0L)

Fiuv) - Giu,v) —— - {13)

|an|. vJ|" !

The difficulty in impfementing Wiener filter
comes form oblaning o prior infecmalicn wbout the
tmaze and ooise specoral functinns,

The power spectrs ol ebjocl und nedse wey
enkown, T herefore, the eatio of power spectra of
rodse 13 the signal teenlivngd in egquation (151 can be
stbslitute:d] by o conslent which rearcsents the signal -
to ncdse ratio as follows [4 18-

Sy |
§ (vl (SR

The general formula of Wiener filier can be
eapressed as fullows:

i [u.¥]
|| [{u, v}|: I

Tfu. v) — Glu, v} — —(54)
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Procedure and resulis

The image shown in [Qgure [i-3) was
phomeraphed by the satellite {Land satd using the
detzctor TM, The imuge ropresents the surfaze of
Itug, which described as o dusty wceather. This adds
anwolher  degradadion  faglor Lo the  atmeospheric
torbulences,

The degraded imayge shown in [pure (1-a)
seems 1o be hlomed and has g Licde pedse. e
hRistogrzim of the degraded imane was shown i figure
i(l-ak This deeraded imape was restored by using
ungensieaimed resleralion Glters such as Inverse filter
and wicner filter,

Ulzure (2-1) represents the restared image by
using inwverse filter while [eare {2-b} represvols e
Bigtzram of the restored image. Ficure (3-a) and (3-
) show the ceatored dmuge by osing wicner lee znd
i.. Ristraram, respechivaly,

e

Figure {1-3) the uﬁginu] ihmgv

[[LH 1% HLH ime

[ B0 KU TE T 4

B

A "I s R !...

2 Ta I PN 1 . £ 2
Fivure (1-b) the hisiogram of the original
image




Figure (2-a) the blurred noisy image

Il 2! bhund sy insge
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Figure (2-b) the histogram of the blurred
noisy image

L W

Figure (3-a) the restored image by using
inverse filter
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bl o ceroed imege

M—_—— PR S e

SIS R L |

Figure (3-b) the histogram of the restored
image by using inverse filter

Figure (4-a) the restored imagell;}f using .
wiener filter

Figure (4-b) the historam the restored
umage by using wiener filter

Conclusions

In this research, our goal is to improve the
quality of the depraded images affecting by the
atmospheric turbulences. This was achieved by using
the restoration algonthms, which give the direct
solution, or what is called one-shat solution.
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The result obtained by vsing inverse filter is
better than that resulting by using wiener filier. The
restored image by using inverse filter is clear becauss
the blur was reduced, while the restored image by
using wiener filter remained to be blurred. This can
be concluded by using the histogram of each image |

Irrom the histogram it i noted the
following:-
|. the histograms of restored images are betler than

that of the degraded imape because they are near 1o
the Gaussian distribution which means that the
degraded image have been improved .

2. the histogram of the restored image by using
inverse - filter is the nearest to the Gaussian
distribution which means that the restored image
by using inverse filter is the best .
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