
 
 
 
IJCCCE, VOL.7, NO.2, 2007                                                       
 
 

Department of Computer Engineering, College of Engineering, University of Basra 
 

1 
 
 

 
A MODIFIED FIXED PHASE ITERATIVE RECOVERY 

ALGORITHM FOR RESTORATION OF COLOR BLURRED IMAGES 
 

Maid A.Alwan, M.Abdul-Jabbar, &Haithm A. Jwad 
 

Receipted: 14 /10/2004 
Accepted: 9 / 5 /2006 

 
Abstract 
         The applications of an Iterative method for the restoration of color blurred image is 
presented. The method is an enhanced modification of the fixed-Phase Iterative algorithm 
(FPIA). A blurred image is enhanced by Laplace operator during the FPIA method on 
eachiteration. This modification is originally supported theoretically by a derivation of 
some iterative deblurring methods that are based on the enhanced version of the blurred 
image instead of the blurred image itself only.                                                                            
The modified fixed phase iterative algorithm (MFPIA) method is examined to restore some 
Gaussian- and motion-blurred color images. The restored images via this proposed method 
are compared with some standard iterative method called Richardson-Lucy method. From 
the comparison. It is appearant that the MFPIA method gives better values for signal to 
noise ratio (SNR) of the resuling image. The method is also better from human visual 
measurements point of viww with less number of iterations. In addition to that benefit the 
restoration by the other method result in images having shaded edges.                                  
Another advantage for the MFPIA method is that to restore a blurred image, the only thing 
required to be known is the blurred image itself; while a prior knowledge of the point 
spread function (PSF) with the original unblurred image is a must in the Richardson-Lucy 

methods. This makes the MFPIA method more powerful for practical applications.             
  الخلاصة 

صѧممت الخوارزمیѧة المѧستخدمة    . دلة لاسترجاع الѧصور الملونѧة المѧضببة مѧسبقا     یقدم ھذا البحث طریقة تكراریة مع        
ان التعدیل الذى اجري على تلѧك الخوارزمیѧة   . على اساس خوارزمیة استرجاع الصور بطریقة تكراریة مع ثبات الطور    

یѧث اصѧبحت عملیѧة    ح)    Lap lace Operator( بني اساسا على تعزیز الصورة المسترجعة باستخدام معامل لابѧلاس  
  .الاسترجاع تعتمد على نمط معزز من الصورة المضببة بدلا من اعتماد الطریقة على الصورة المضببة فقط 

 و قورنѧت   ( Gaussian & motion )لقѧد تѧم اختبѧار الخوارزمیѧة علѧى عѧدد مѧن الѧصور الملونѧة المѧضببة بطریقتѧي            
، فأثبتت انھѧا الاكفѧأ فѧي أسѧترجاع الѧصور بنوعیѧة         ( Richardson-Lucy ) مع خوارزمیة ریشاردسون لوسي النتائج 

بالاضافة الى ما تقدم فѧأن الخوارزمیѧة المعدلѧة لاتحتѧاج الѧى معلومѧات مѧسبقة        . جیدة وبأقل عدد من المحاولات التكراریة   
عѧѧن الѧѧصورة الاصѧѧلیة ولا علѧѧى التѧѧضبیب الѧѧذي تѧѧم علیھѧѧا وعلѧѧى العكѧѧس مѧѧن طریقѧѧة ریѧѧشاردسون لوسѧѧي ھѧѧذا ماجعѧѧل          

   .الخوارزمیة المعدلة أكثر ملائمة للتطبیقات العملیة 
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 Introduction.1 
    

    There are many techniques used to 
deal with blurred images. Some of them 
are used to reduce the blurring effect on 
an image by enhancing that image using 
edge enhancement technique [1] , while 
the other techniques aim to remove the 
blurring effect by making benefit of 
prior information about the original 
image and the blurring process (i.e. the 
point spread function  (PSFor the 
frequency response H(u,v) ehich is 
convolved with the original unblurred 
image to produce the blurred image). 
Some of the frequency domain filters, 
e.g., inverse filter. Wiener filter or others 
[2] are examples of these techniques. On 
the other hand in practice when there is 
no information about the PSF (for 
example in remote sensing and space 
imaging the fluctuations in the PSF are 
difficult to be characterized as a random 
process, and there is a difficult in 
statistically modeling the original image 
. Some iterative techniques are used here 
to restore the blurred image. The 
degraded image can be modeled as [2, 3] 

                                                  
  

       210212121 ,,*,, nnnnnhnnfnng   
(1)  

Where  
F(n , n ) is the original image function, h 
(n , n ) is the impulse response function 
for blurring, 
 n  ( n  , n  ) is the additive noise, 
g (n ,n ) is the degraded image , and  n , 
n  are the spatial domain coordinates (0 
< n  , n  <N  , where N is the number of 
pixels in each dimension for a square 
image ) with the * denotes the convolution 

operator. Supposing that there is no noise 
effect,Eq.(1) can be reduced to[ 2 ]              
     212121 ,*,, nnhnnfnng                   (2) 

So that the purpose of all the restoration or 
deblurring techniques is to separate the 
convolution product in order  to restore f 
(n ,n ) from g (n ,n  ). In the absence of the 
prior information about the image and the 
blurring process the restoration process 
here is referred to as the blind 
deconvolution process [4, 5].                       
Practically an image can be blurred using 
Matlab6p 1 programming language. 
Images can either be Gaussian or motion 
blurred using special instructions. The 
Gaussian blur can be generated by the 

following filter response  

    22
2

2
1 2/

21,
 n

g ennh                    (3) 
 

The number of selected pixels and the 
deviation sigma ( Q) can be modified in 
order to control the Gaussian blurring 
degree on the image , while in motion 
blur, the number of selected pixels can be 
changed to be shifted  with an angle of 
shifting (   ) that is called the shifting 
direction [ 6 ] .                                             
        Recently , new method for restoration 
of gray –scale blurred images called the 
modified fixed phase iterative recovery   
algorithm  (MFPIA) is proposed  [7 ] and 
compared with a well known method 
called the fixed phase iterative recovery 
algorithm ( FPIA) [8]. The comparison 
proved that the new method is better from 
the complexity and the speed points of 
view of algorithm with a better correlation 
measures between the original and the 
restored images .This paoer proposes the 
same MFPIA method for restoration of 
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color blurred imagees and gives a 
comparison with another known  method 
called the R Richardson-Lucy iterative 
algorithm which will be described in 
section 2 of this paper . Section 3 presents 
the proposed method .A comparative study 
is given in section 4. Finally some 
discussion and conclusions are drawn in 
section5.                                                       

 
 Lucy –Iterative Richardson . 2 

deblurring      algorithm       
     
    This iterative algorithm was introduced 
by Richardson –Lucy in 1972 [9]. The 
algorithm maximizes the likelihood at the 
resulting image, when convolved with the 
PSF. It also supposes the existence of the 
PSF.                                                               

  Starting with an iterative form of Eq. (2), 
which can also be given as [10]  
 

     212121 ,*,, nnfnnhnng Pp           (4) 
  
Where p is the iteration step number .It 
should be noted that the Richardson Lucy 
method supposes that 

 
     212121 ,,, nngnngnnR PP          (5) 

  
Or  

  
     212121 ,,, nnRnngnng PP          (6) 

while the Richardson-Lucy algorithm 
equation is given as  

 
 

 

     
   







 



21
*

21

2121
21

211

,*
,

,,
,ˆ

,ˆ

nnh
nng

nnRnngnnf

nnf

P

PP
P

p  

(7) 
 Where R  ( n  ,n  )  is the Richardson-
Lucy restoration filter and small * denotes 

a complex conjugation .An example on 
image restoration using Richardson-Lucy  
algorithm is shown in Fig.1.  

 
 The MFPIA method.3 

       In this section the MFPIA method will 
be presented. The basic idea of 
formulation  depends on two concepts , 
one that is introduced by Zho Ren Feng 
and Zhou Hui in the fixed phase iterative 
recovery algorithm (FPIA) of blurred 
images [8] which states that the phase 
spectrum of the original clear image is the 
same as that for the blurred image . The 
other fact was presented in the derivation 
and analysis of Slepian method or Soundhi 
method [11],which states that the 
restoration of a blurred image can be 
implemented by using its derivative .                                     
The proposed method combines these two 
concepts in a modified way in order to 
deblur the blurred image . That is why we 
call it the modified fixed phase iterative 
algorithm  (MFPIA) . The algorithm 
supposesthat there is no noise effect n  (n  

,n  ) = 0 so that Eq.(2) can be used here . 
The algorithm is carried out by 
implementing the following steps:-             
1. for the first iteration, set                         

     f (n , n  ) = g  (n  ,n  )                          
2. suppose that  p  is the time of the             

     iteration and for the sake of algorithm   
    simplicity, f  (n  ,n  ) is converted            
    initially to a one- dimensional form  f    
    (n) where 0< n <N  by using vector        
     transformation[12].           
3.convert  f (n) to its frequency domain      
 representation  F  (k) i.e. magnitude &      
  phase using the fast Fourier transform      

  (FFT). The length of FFT and FFT   must 
  be greater than 2N  to ensure that the 

recovery is done perfectly so  
    

FP (k) =FFT [fp (n) ] for 0k 2 N2    (8) 
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It should be noted here that for the I 
iteration, since 

  
   

 
  f  (n  , n ) = g (n  ,n ),  then the 
transformed version will be 
  

F0 (k) =G (k)=FFT[g(n)]for 0 k  2N2 (9) 
  
In magnitude and phase forms 

 
 )(exp)()( kjkFkF

pFpp   (10) 
and  

 )(exp)()( kjkGkG G           (11) 
 
4. the phase replacing process taking place 
here is given by  
0   (k) ------ 0    (k) 

For all p values then the new sequence F     
 

 )(exp)()(1 kjkFkF Gpp  ]       (12)    
  
5. now applying   FFT  to     F   (k) , f   (n) 
can be obtained , and since f   (n) is a 2N  -
point length it must be truncated into N  -
point length. The resulting truncated 
sequence can be obtained by the following 
time truncation process: 
 








 
 120

10)(
)(ˆ

22

2
1

1 NnN
Nnnf

nf p
p  

 (13) 
 
6. Using the inverse vector transform, the 
sequence f      (n) can be back transformed 
to f       (n  ,  n  )  

 
7. then the derivative operation is 
performed by using an edge detection 
operator  ( e.g. Laplacian operator ), thus f 
   (n  , n  )  is obtained . 

 
8. The restored image at iteration p+I is 
obtains y adding the transformed sequence   

 
 
 f    (n  ,  n  )  and its derivative  f      (n  ,n 
 ), Thus the final sequence is obtained as  

 
),(ˆ),(ˆ),( 211211211 nnfnnfnnf ppp    
(14) 

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

 
Fig. 2 shows the MFPIA method flow 
chart. Fig. 3 shows an example on image 
restoration using this method.  

 
 A comparative study .4 

        For comparison, two color images are 
selected with 256 x 256 spatial resolution . 
The 1 st image (House) is blurred using 
Gaussian blurring with Q=2 and number 
of selected pixels =7 [see Eq. (3)], while 
the other image (Wcat) is blurred using 
motion blur the number of the shifted 
pixels =8 ,and  a shifting angle 0=0,Fig.4& 
5 show both application of the 
Richardson-Lucy algorithm and the 
MFPIA method on the Gaussian blurred 
and motion blurred images respectively . 
From these figures , it can be seen that the 
restored color images using  MFPIA 
method are better than those restored using 
the Richardson-Lucy method. That's 
because the images restored using the 
Richardson-Lucy method appear with 
shaded edges which is not the case with 
the MFPIA method. The Signal to Noise 
Ratio (SNR) for the House image in Fig.4 
is 32.848 dB for image restored with 
MFPIA and 32.791 dB for image restored 
with Richardson-Lucy method. For the 
weat image of Fig.5, the SNR is 34.107 dB 
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for image restored with MFPIA and 
31.632 dB for image restored with 
Richardson-Lucy method.                           
     

   Conclusions&  Discussions .5  
   

 A new application of MFPIA method on 
color image deblurring has been presented 
in this paper. The MFPIA method is a 
modification of the FPIA method it is 
called the modified fixed phase iterative 
algorithm (MPFIA). The modification is a  

 
mixed idea between the FPIA using the 
derivative of the blurred image that is used 
in the restoration of images by Slepian 
method. This has made the proposed 
method depend on an enhanced version of 
the blurred image instead of the original 
blurred one only. The algorithm for the 
MFPIA method is given. This method has 
been applied to color images that had been 
originally blurred by using two methods:-
Gaussian blur method and Motion blur 
method. The Richardson-Lucy algorithm 
has been selected for comparison. It is 
evident from the results that the MFPIA 
method gives better performance than the 
Richardson-Lucy method. It should be 
noted that the restored image using 
Richardson-Lucy method has shaded 
edges; this undesired effect does not 

appear in this MFPIA method.                   
                  An important advantage of this 

MFPIA method is that all what we need to 
restore a blurred image is the blurred 
image itself, i.e., the prior knowledge of 
the PSF and the original unblurred image 
are not required here as in other methods 
such as Wiener method [2] and 
Richardson-Lucy method. This advantage 
makes the proposed method much more 
powerful in practical applications than 
those methods. The other advantage of the 
proposed method is that a final restored 

image of good quality can be achieved 
with less number of iterations as compared 

with Richardson- Lucy method and with   
  
  
  

the original FPIA method [7], which 
means the MFPIA method is better from 
the algorithm speed point of view.              
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