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A modified fixed phase iterative recovery algorithm for restoration
of gray-scale blurred images

D, Jossion M. Abdul-Jabbar
Depariment of Compuier Engineering, College of Enginecring, University of Basrah

Abstroct

A novel iterative method for the restoration of gray-scale blurred images is presented.
The method is an enhanced moedification of the Fixed-Phase Herative Algorithm (FPEA),
A blurred image is enkanced by Laplace operator during the FPIA method on each
itorativn. This modification ts originally supporied theoretically by a derivation of some
iterative deblurring methods that are based on the enhanced version of the biurred
image instead of the blurred imuge itself oaly.

The modified fived phase iterntive algorithm (MFFPIA) method Is examined to restore
swne G ussian-and motdeo-blorred gray-scale images. The restorsd Images via this
proposed method are compared with the eriginal FPIA method. From the comparison,
it is apparent that the MFPIA methad is better from homan visual meassrements point
of view with less number of iterations. In addition to that benedit the restoration by the
FPIA method results in images of bad quality even with high number of iterations.
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L. Introduction

There are many techniques uscd for the
restoration of blirred images. Some of
them are used to reduce the bluming effect
on an image hy enhancing that image by an
edge enhancement technigue [1}, while the
oiker technigues aim to memove the
tlurring effect by making bencfit of prior
information about the original image and
the blurring process [ie. the poim spread
function (PSF) or the frequency response
Hiuyw) ] such as, inverse filier or Wienar
filter[2]). or by itevative metwods when
there is in practice no information about the
PEF (for example in remote sensing and
space Imaging the fluecmations in the PSP
are difficull ™ ke chascterized as a
randorm process, and there is a difficulty in
statistically modeling the original image),

The degraded image can be modelzd as
124.3]
g{ﬂl!”:} = f("::-":)‘ h{"uﬂz.] +-“I.|:|":|:-"1]
(1}
whara
Flm.ny 15 the original image finction,
F{m.n,) is the impulse responss function for
blurring, )
m, L, m ) 15 the additive noise,
gin,n) is the degraded image, and
w n, are the spatin]l domain coordinates
with * denotes the convolution operator,
Supposing that there is no noise effect, Eq.
{1} can be reduced to [2)
gim.m = fim b hin, n) 2y
s that the purpose of ail the restoration or
deblurring, technigques is to separate the
convolution product in order to restore
Fim, 0, from gin om0y . In the abienge of the

pricr information about the image and the
bhorring process the restoration process
here is  referred o as  the  hlind
decoenvolution proeess [4,5].

Practically an image can be blumed
using Matlabépl programming Jabguage.
bmages can either be Gaussian or motion
blurred using special instructions, The
Gaussich blur cun be gencrated by the
following filter response

B im0, ) = g e 3)

The number of selected pixels and the
deviarion sigma (o} can be modified in
order to contral the Gaussian blurring
degree on the image, while in motion blar,
the number of selected pixels can be
changed 10 be shified with an angle of
shifting (D) that iz called the shifting
direction [B].

Thizs paper preseris a new proposed
meathod called the modified fixed phasc
itetative algorithm (MFEIA) for testoration
of gray-scale blurred images and gives a
comparison with another known method
called the fixed phase iterative recovery
algorithm (FPLA) which will be described
in section? of this paper. Section? prezents
the proposed method. A comparative smdy
is given in  sectiond, Fimally some
discussion and conclusions are drawn in
section s,

2. The fived phase ficrative algorithm
recovery of blurred images

Images can be blurred by different ways.
Onc of the most commen ways 5 e
astigmatismm of the lens, The following
algorithm is based oo the Fict that the
spectnum phass of the astigmatism sysiem
is & peru-phase spectrum {7]. In other
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words, the phase spectrum of the image
reinaing the same when the image passes
through such system. If the blurred image
equation is formed as in Eq. {2), then by
applying the fast Fowier transforn (FFT)
te Eq. (2)

Gilas, v} = Fu, v} {w,v) (4}
Eq. (4} can be rewritton as

| Giw,w) | expliBafavil=| Fuw)]
| # (i) | expli{B, (uv Xt (ud}]  (5)

where
| Gty | =magnitude  of  Gu,
| Fluw}f= magnitude of F{u),
I Hiwr) I = magnitude of H (e,
B, (urFphase of Gfxv), B, (v+)= phase
of £ (u,'l.r:l,
and
B ; (ai.v )= phase of Hix.v)
Obvisiisly,

| G [=1 F v} ] | Hiew)|  (6)
and

B (v 350 o e, (1w (7

Since the astigmatism system has zoro
phaze speEctim then B, (uv}
=0 [7], 30

O (v 20, (uv) (8)

i.2., the phase spectrum of blurred image is
the sgme as that of the original image.

To implement the fixed phasc-iicrative
recovery algorithm we peed Lo convert the
Image mairix inte 5 one-dimensional
(l-D} ¥ecior represemauan [S] Fig. 1

Tz {l [ 3cp
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fterative algorithm. In the fixed phase
terative algorithm flow chat , p is the
iwation  step,  f,.(n) is the 1-D

uptruncated  restored sequence, f;d (n) is
the truncated sequence and L is the length
of the 1-D sequence g{n).

From Fig. 1 there are fwo key sections in
each step of the iterstive reconstuction:-
phase replacing  and  time  domain
truncation. With respect tw the whole

procedure, three main substeps arc laken to
accomplish the reconstruclion process.

First, by combining | F{k}| with the
prefnown phase spectnm 9 (k), the first
estimared value of F(K} can be wlblained

as
F=| £ | expliv, k] (9)

After that taking the FFT™ te E(k),
F£(n), the first estimated value of j{n), is
then oblained.

In the second substep, f(n) which i an
M-point length time domain seguence
{M=2L), must ba truncated into an L-point
length with

.;—,,ERF{ £n} O=<n<L-1

L} L=n=sM-1
(o)

forp=12......

This subsiep is called “time domain

truncation”. Finally, by taking the FIT of
Fiml, (k) will be obtained. Therefore,

by replasing its phase spectrurn with the
_pcrelmmvn phase 8 (k) and combine it with

| £ (], £ isthen oblained as




RO=| £ | explo 0] (1)

This substep is called “phase-spectrum
replacing®. Then by taking FFT- of
E, (&), £{n) can be obtained and it will
come beck to the second step and with a
new loep beging again.

1t must be naticed that M, the leagth of
the FFT & FFT ™' should be greater than 2L
to ensure that the recovery is done
perfectly,  After  the whele iteration

algorithm is accomplished, 7{r) will be
converted to }’ () by taking the inverse

vootor transform, where }{unrr.ﬂ is the
clear recovery image matriz. It should be
noted that this algorithm requires from 20
to 50 itcration o give a good restoring
image | 7], which indicates the lower speed
property of this algorithm, Fig, 2 shows aa
example on imoge restoration vsing the
FPLA with 46 irerations.

3, The proposed method

In this seetion the proposed method will
be presented. The basie ides of formulation
depends on two concepts, ope that is
introduced by Zho Ren Feng and Zhou Hui
in the fined phase iterative recovery
algorithm (FPLA) of blurmed images [7]
which staies that the phase spectrum of the
origing) clear image is the same as that for
the blurred image. The other fact was
presented i the decdvation and analysis of
Slepian method or Sondhi method [%],
which states that the restworaticn of a
blurred image can be implemented by
using irs derivative.

The propesed method combioes thess
two concepts in & modified way in order 10
deblur the blurred image. That is why we
call it the modified fixed phase iterative
glgorithm  {MFPIA), The algorithm
supposes that there is no neise effoct
#g{m,,m; =0, s0 that again
gl = Flm)® hla,m) for 0 S mom =N

(12}

. The algerithm is  coried out by
implementing the following steps:-

1. for the first Iternticmn, gat

B nm} =g (o) (13

2, suppose that p is the time of the
iteration and ior the sake of
algorithm  simplieity, £, (m.n,} 18
converled initially to 1.0 form
f,(n) where 0< n <N* by using
wvector ransformation,

3. convert j (p) o its frequency
domain representation F (k) Qe
magnilude & phase using the fast
Fourier transform (FFT). The length
of FFT and FET 'must be greater
than 2N 7te ensure that the recovery
is dons perfectly so

F (ky=FFT[ 7, (n}] for 0= x =2 7

(14}
1t should ba noted here that for the 1™
iteration, since

Folmmd=gim ) then the
transformed version will be
F, ey =k )=FFT ()]

for 0= k=XN? (13)

in magnitude and phase forms
F =] 00| expli®, (0} (16)



and

Gk Glk) [ explib (k)] (17)

4. the phase replacing process taking
place here is given by

Bu{k} — ﬂpp {k]
for all p values then the new sequence
.., (k) is oblained as follow:

£ = | F) exp(d (k) (18)

5. new  applying FFT-'to Fo X,
£, (0} can be obtained, and since
Sorr i} is @ N7 -point length it must
be truncated into an N? -point jength,
The resuiting truncated sequence can

be obtained by the following time
truncation process:

" Jrul [ﬂ] DEHSP‘I"'J-
fm-j (D}'—{ 'I] N:Snfzmz_l

(19)

6. using the inverse vector transform,
the scquence #_(n) can be back
iransformead to }p-l (G

7. then the derivative operation is
performed by using an  edge
detection operator ( e.g. Laplacian

U]Jﬂrﬂ'ﬂf}, thus .; atd i’ﬂuﬂ:-l is
obtained.
8. the restored image at iteration ptl is

obtained by adding the transformed

sEquUence and its

}P'rf ':”l. l "Z:'
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derivative f pos (mom . Thus the
final sequence is obtained as

S Pl ':nll'“!l]‘:-?pd L .}} v CHpaty )
20)

9. if the restored image quakity is not
good the algorithm is repeated from
step 3,

Fig. 3 shows the proposed wcthod
flow chart, Fig. 4 shows an example on
image restoration using thismethod.

4. A comparative study

For comparison, a specific grav-scale
image (Buffy) is selected with 256x256
spatial  resplution. This image is blurred
by two methods using Gaussian blur and
moation blur. For Gaussian biur, o =2 and
the number of selected pixels =3 [ses Eq,
{3)), while for motion blur the pumber of
the shifled pixels =3, with a shifting angle
=0. The results are shown in Figs. 5 & 6
respectively. From these two figures #t can
be geen that the MFPIA gives better resulis
compared to the FPIA with less number of
iterations,

i ions & Conelysj

A new method for pray-scale image
deblurring has been presented in this paper.
This new method is a2 modification of the
FPIA method it is called the modified fixed
phase iferative algorithm (MPFIA). The
modification is a mixed idea botween the
FETA using the derivative of the blurred
image that is wsed in the restoration of
images by Slepian method. This has made
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the proposed method depend on  an
enhanced version of the blurred image
instead of the original blurred one only.

The algorithm for the proposed method
is given. The proposed method has been
applicd 1o pray-scale images that had been
criginally blurred by using twe methods:-
Gausslan blur method and Motion blur
miethed.

The FPIA algorithm has been selected
for comparison. It is evident from the
results that the MFPIA method gives better
performance than the FPIA method with
few number of itcrations. It should be
noted that the FPLA method has a very little
effect especially on hard blur images even
with large number of iterations which is not
the case with this MFPIA method.

An Imperant advantage of this MEFPLA
method is that all what we need to restore &
blurted image is the blurred image ilself,
i.e., the prior knowledge of the PSF and the
original unbiurred image are not required
herc as in some other methods such as
Wiener method and Richardson-Lucy
method [2.10]. This advantage makes the
proposed method much more powerful n
practical applications than thoss methods.
The other advantage of the proposed
method is that a Goal cestored image of
pood quality can be achieved with less
number of iterations a3 compared to other
iterative methods, which means the MFPTA
method s better from the speed of
convergence point of view,
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Fig. 1 The FPL4 flow chart
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(2) (b)

(c)

Fig.  An example on FPIA method
fay Owiginal imaps
(b} Gaussian blurred image
(¢} Restored unage afier 46 iterations
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(c)

Fig. 4 An example on MFPIA method
(a)  Uriginal image
(k) Gaussian blumred image
(c)  Restored image after 3 iterations




(a} (o}

(c) (d)

Fig. 5 Buffy image restoration
{2} Original image
{ b} Gaussian blurred image
{c) Buflfy imsge restoration using the propos=d method after 2 iterations
al
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{a) {b}
() (d}

Fig. 6 Buffy image restoraiion
{n}  Original image
{b)  Motign blurred image
(e} Bufly image restoration using the propesed method after 2 iterations
(d}  Buffy image restoration using FPIA after 50 iterations
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