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The zaum ol this paper is 1 carsiraet an lerative rostaration 1l for pestormy degraded (hlorred angd
1K1Y ) IMEACS usings Projection uar comvex sels alanmhn D tois waork, our adaplaion was ausumed tlia 4l
weighling matzix is a Sobel operator. The reason of this medificatiun was assumad that the oaplindsntian
iroblem can be inlerprated 02 Mindiag the image with the least coorvature among the solution of equation
g =TIl n. Resuits using aduptive ftorative flter were cenipared, qualinzii-vely and gquantitatively, nsiny
Mean square emwor (MSE). Results show iat the adastive Blter has hetter pecfonmance Jor restoning
degradcd inage.

Intraduction PELT] g e Ty
Tmage degradation mode=! dus 1o |incar ay

Imaging system is ghven by | 1,7]: The selition of the above eguation is oiven

F=d=na Mo R R B (1) b {3]:

Where, g, f, and H are the image, the obiscr, and i= [H R a0 ]'t A e 57

the imaping operter, respoclively. Hoo H
{blugring funzrior) docs not recsssarily space
invasiant operzlor 1], mis a whirte Ganssian noise.

Where, € i somne suitalle veeiphting jnalrs.
The constzained prollerm con be transfonmed i
an  nneonstmined  one eing the elhod of
Equalion (1) take: the lirm of o matix- Laprangian muliipliers. &, > a remlarization
veulor equation for the case of sampled siznal, We N F o e ea s
prefer his potalion sinze i {z compacl and genaral, rammeter. [T is the inveise ot marrix

B pek gt T e Pyl e regularization. 1" is the transposc of a lunciing.
¢ ultimate poal of restoration lzchniques

5 to imprave a given degudd imaye using scnle
prion hnewledge of the degradation phanomencn.
Tlws, rusoration fechniques are crisried teoward

Prejeciion onto Caonvex sets Method
L s section, we derive the algorithm fior

madeling the degradation and applying the fnverse the adaptive ilerative restoration wehnigie n3ing
rrocess i order w recover the criginal fape. Prugucticn ante Convex scrs melbod,
In peneral, the restoration metlod of fSnding Projection omte Convex sets ar hriefly POCS
- meghod Jefined as tolloees [4].

the best eslinale [/ of the unkaown uljeci A subzet of 2 veelor space is called comvex il

funciion " is wsually forulsted as 3 constenioed it cortaing ths line scament botwesn ary bair of

optimization problem, such tat |3]: point in the sel Thus if £ ,7y €S8  und

:
”b ~HI e e 2 fy—refy H1—a) £y, where aofi], then
Wi B e 1% dired imags, § i JoeN Asimple example of 2 conves sel is:
Positive paraiieler depencing on e noise enersy, £ :{J.r' ¥ g Uf |! { & } Ll ke ser af
!J r 15 the nunn [wnerion. all veehors Taals [ving the cansteaint in Xuf2)

I'he estimate alf _.?T' ig fowad by mininezng Mo, we have,
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The saiution is readily found bas solving (oo = Q‘| & Hfl" = '?” (- Hf!j’ ]
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Another example of A el iy

Co=lr | f2u )

Colmvex
oot s the set ol all
viclors with nonnegative clements, i Lypica
restorauun proklem the it salwtion s 4 momber
ot O, sinee i salizlies the wnaging ecnation
(1013}, and Is @ wember of C,, that is a
tfensny  vector, A prajeclion uperator
Frhelonzing to a couves sel ... is il operalor
that ioaps o given vector w the closest point £ F
in €, , =o that _I__;"—P: fI is tinimize, From
Iigure (1, the initial gucss represects the objeet

image, Le. f, =2 . The opetatar Iy puagects _?'-U

to f1 on the boundary of C,. The vector f, s
thus a solution of the optimization problem

ain /=7 [g-ar s

Fig.(1) Two steps in the POCS Method [4]

The operator F; projects f .| onte Oy This

operator sets negative components of f to zero.
In the case of an arbitrary number of constraints,
Ci, Cy.eoonnCn, repeated  application of  the
projection operators Py, Py, Py can be proven
Lo converge to a point:

P Ve, Pl Pl

We will now wse the POCS methed to
investizgate a restoration method. The restoration
method, formulated as a constrained optimization
problem is given by [4):

511 |is

Where .5_? is the correchion vecior or

optimization step and C is a diagonal weighting
matrix. The restoration method can also be
formulaied as an unconstrained problem,

min Hg—H Hz+a.ﬂ~.frf.ﬁf
Af

min A FFCAF and
ar

T

Avod A A=apg

Where, & 1z 1le reeCarization pasamielor.
The restoration prohlert is solved lerarively csina
the evurtence equatico (5. 6]

FEvo 2 e[ e o® '[i, I te
_f-: vl _,n" v + {g M Jr:'l ) S ___{'j;-
VWihaoe, » - [H TH —a o _|'I T kois the

rwnber of iteraion,

The conventignal method assumed thay ©
Cacighling mairiv) i3 a Laplacian oneestar, In this
wirk, curachipration was assumcd thal C s a Sohe’
wmesatnr "t By d T as given in cgquistion [1].
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This modification was assumed that the
oplimization problem can be intcepreted as finding
the image with the least curvature among the
solution of equation {1).

Results and Discussion

A color image of 128%128 pixels size, Stork
bird-image, as shown in figure (3-a). was used o
check the quality of the adaptive iterative
restoration filter.

The degraded (blurred and noisy} images
were simulated as follows:

I-The blurred images were simulated by
convolving the onginal image with Circular
function of Radius (R), one value of R=1 has
been faken.

2-Random noise of Gaussian distribution with zero
means was added to the blurred image (obtained
in step 1), Different SMR = 10 dB, 20 dB, 30 dB,
40 dB, and 50 dB, have been taken

Figure (3-b to 3-f) shows the original image
after degraded with Circular blurving function of
radius {R=1) and with additive Gaussian naise
with signal to noise ratio (SNR) are 10 4B, 20
dB, 10 dB, 40 dB, and 50 dB, respectively. The
figure shows, also, the Mean Square Error
(MSE) of the degraded image with respect to the
original image.

3- To restore the above simulaled depgraded
images, we construet the procedure as follows:
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: ol
Siecpl: j =g
Step 20 Sumulate 13 (which waes assaued 0 be as a
resl une
Bep 30 Calculating Wousing the fiomsla:

W [w T ree]

The above equation was solved using the
imverse method {7], Here, we note that 1he bes
valoe 0f ve wns Found cyeal woane. © was adapted
aster be Sobel operator, as slowan in Fim2),

. . - et
Step #: Calewdaling /!
also by using the verse melhod

A5 given in enuarion {7,

Step §; Cowparing hetween {51 ynd 7% e
P i
i

Note  thar, by owporignes and  Jor
poogramnuing sinpliviy, we fixed ilic ne. of
irerntion L 30 gince the cemversonee 1iodune
hefare 207 irceatics. Bul, Lor mare cafaty oo
cerlaingy we 1Tred numbar ol 1endlion equal re 30,

= thenendelse ao ko step

Fipure (4} shows the restored imases smed the
corresponding MIE for the depraded image that
blurred with circylar blor of R—1 and SWE-1D JB,
after 1 ileration, 10 arations, 20 fleniors, and 30
e, respeetively,

Figure (5) shows ke restored imaces and the
cerregpending MSE Tor the degraded image thm
binrred with sircular Blur of BT asd SeR=20 4B,
after 1 iteration, L0 iterations, ZU ilerativng, and 30
iterations, rospectively, Fignoe (6) shiws the
restored images angd the corresponding MSE for
the degraded imuee hal biwred with circular bius
of R=] and with SNR-30 dG, after | dteeation, 10
iberations, 20 lerations, and 30 itzrations,
respectively. Figore (7} shows the restored inmges
and the correspending MSE far the Jegraded
bmage tial blurred with circudar blur of B -1 and
with ENE=a0 413, atter | jrzrarion, 10 iterations., 20
iterations, and 30 flerations,  respectively.
Figure (8) shows e restore? images and 3hs
correspanding MSE for dhe degraded binage thal
hlarred  with circular blur ol B—1 and  with
SHE-S0 dB, after 1 itcration. 1 deraticns, 20
Herations, and 30 Heretions, respectively

Figure {9) shows the MSE for the restored images
wversus pusiber of ierations for e degraded imagre
bluned with circnlar Blor of R=1 and wnl
BME-I0 AR, 20 AR, 30 JB, o0 dB, und 30 L1,
respoctively,
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Conclusion

Fhe cin ot fhis methac = (o consnmict an
orelive reitaratisn fileee for restoring degradaed
(blwrred and nuisy?d bnawes asicye projection cnla
soavex sefs mloogitlin.

Fromn the ahove Figires, we ean conclude
it the sdepred itesative restoration [eler s an
elficient method for testoning e degradad images.
We zlia, conclude that the mean sqaure emor of the
restoved Unages decrenzes witl: e iercasing the
fuabar of ferainng until the result converpom.
Mateover, the coamvergence, masily, happens a'ier
I3 wrerations. Linally. the ailapred tilter is given
bester perfermance for sinadl values of BME.
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MSFE —340 MSE =144 MSE =122
Cig. (3}

Y& =120

{a) nriginad bird imuze of size 128% 125 pivels

b dezraded image ol (1} wilh Circalar functipn af B =1 and SNR = 14
(") degraded image of Ca) with Cireular functinn of # — 1 and SN =2
(d) degraded imagm: of (3) with Circular funclion nf R = 1 pad SN = 30
(] degruded image of (o) with Cirentar fooctivn of =1 and SNRE — 40
(f) dearaded image ai (5] with Circular function nT R - 1 and SNRE =350

MSE =1 45.66 MSE —127.56 MSL =120.20 M5E =11561

Fig. {£)
Iectored images of the degrudvd image shown o Fig. (2b)
Idepraded with circwlar funcfion of =1 aud SN1E=10) aiter :
() 1 dterztion (b} 10iteration (a) 20 ideration {2 31 iteration

I
M5 = &M ¥ISE = 55,18 MSE = 5404

Fig {5}
Rawborel images af ihe degroded image shown in Tig. (3-0)
(legraded with cireular function of Re1 aad SNE-20) aftcr
{a) 1 ileratioe (D) Vlileradion {33 20 derathon { B) 30 foeration
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MEE = 34,30 WEE = 26,10 MSE = 2574

KLSE = 2570

Tz {&)
Restored images of Lhe desraded image shown in' Fig. {3-d)
(digruded with circuber feaclion of B | and 58 R—3(fp akter ;

ah Literation [ L) 14 iteration (=) 20 iteration { h} 30 lteration

MSF = 1467 MEE = 7.1 MSE =711 MSE ~ 702

Hig. {T) _
Restored images ol the degraded faage shown in Fig. (3-¢)
(degraded with circalar funetian of B=] god §SNK it afier -
{2) Titerativn ¢ by 30 deradion ¢a) 20 iferation ( B) 30 itcratioa

MEL =155 MAEL = 00 MEE =0.92 MsE -0l

Fig. (%) '
Restored imayes of the depraded image shovn in Fig, (3-0)
fdegraded with cireular Tunetion of R=1 and S¥R=50) alier ;
(a) Tiveration €B) 10 evativn a3 20 feration ¢ b) 30 iteratian
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Mean Square Frrows (MSE) fine the restored inages Versuy no. of HoraGons T
{a] degruded bird imagee, with Cirewlar functlon of B — 1 amd SNRE =10
ib} degraded bird image, with Cirealar funetion of B~ 1 zud SR =201
{c) deyraded Lird fnage, with Cirealar function of I = | agd ENR =2
() depraded bird tmage, with Ciceulyr function of R- 1aml 8NR =40
() degraded bird image, With Circclar functivn of K =1 and SNE = =
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