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Abstract—Despite the considerable progress in the field of imaging, the ac-
quired image can undergo certain degradations which are mainly summarized in 
blur and noise. The objective of the restoration is to estimate from the observed 
image an image as close as possible to the original image. The iterative blind 
deconvolution (IBD) can be used effectively when no information about the dis-
tortion is known. This algorithm starts with a random initial estimate of the 
point spread function (PSF) whose its size affects strongly the restoration pro-
cess of the degraded image. In this paper, we have implemented a fuzzy infer-
ence system (FIS) to determine the size of the PSF through the examination of 
the blurred satellite image edges and the measurement of the blur width in pix-
els around an obviously sharp object. The obtained results are encouraging, 
which confirms the good performance of the proposed approach. 

Keywords—Satellite image, PSF, edge detection, image restoration, IBD algo-
rithm, fuzzy logic 

1 Introduction 

The research in the field of satellite imagery is considerably evolved in recent dec-
ades. However, the satellite image remains now limited in quality because of degrada-
tion effects which are due, on the one hand, to the intrinsic properties of instruments, 
and on the other hand, to the acquisition conditions [1]. The light coming from the 
original scene first passes through the atmosphere where it is subjected to the effects 
of turbulence, then the optical system where diffraction, defocusing and aberration 
act. The image thus arriving at the sensor is blurred. The latter is also contaminated by 
noise from various sources [2]. 

In order to overcome these distortions and produce a better image, two ways of 
improvement are possible. The first way is material, it consists of developing the new 
imaging devices, while the second way is the numerical methods, it seeks to reverse 
the process of image formation that is modeled by mathematical formulas. The digital 
restoration step is therefore indispensable to correct as much as possible the errors 
caused by the degradations [3]. Indeed, the image restoration is a problem that has 
occupied different scientific communities, its object is the reduction or even the elim-
ination of the deterioration present in the acquired images. It is sufficient to know the 
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parameters of blur and noise which are sometimes accessible, but in practice they are 
generally unknown. Unlike the classical filtering techniques, the blind deconvolution 
does not require any prior knowledge of the PSF, hence, it can be lot more useful in 
practical situations. The IBD is a very common algorithm for its low computational 
complexity, it restores the image and the PSF simultaneously based on a random 
initial estimate of the PSF whose its size is more important than the values it contains. 
In a real application, PSFs of different sizes are experimented, until the achievement 
of a satisfactory result [4]. 

In this work, we rely on the edge detection and the fuzzy logic, and we assume that 
the blur linked to the image is spatially invariant. The developed approach revolves 
around the blind restoration of degraded satellite image through the estimation of the 
appropriate PSF size using fuzzy logic. In order to ensure this, we design a FIS for 
deciding the PSF size to give to the IBD in terms of the maximum difference repre-
senting the sharp change of the luminous intensity of the unique edges image and of 
the maximum intensity of the same unique edges image. 

The paper is organized as follows: in Section 2, we indicate some related works. In 
Section 3, we introduce the degradation process of satellite image and the IBD algo-
rithm. Section 4 presents in detail our proposed approach based on fuzzy logic, which 
consists of determining the PSF size for blind image restoration. In Section 5, we 
assess the effectiveness of our idea by some experimental results. Finally, in Section 
6, we give a conclusion. 

2 Related works 

In the literature, several methods and approaches of image restoration have been 
proposed. The Wiener deconvolution processes the images degraded by both spatially 
invariant blur and additive noise, it attenuates the sensitivity of noise through the 
minimizing the mean square error between the original image and the estimated im-
age [3]. In [5], a new technique for the satellite image deconvolution based on non-
local means is proposed. An overview of the blind image deconvolution through the 
problem formulation and existing approaches has been introduced in [4]. The general 
technique adopted by IBD algorithm consists of deconvolving the degraded image 
using the iterative process, returning both the deblurred image and a restored PSF 
which are constrained in some manner. The restored PSF is a positive array that has 
the same size as initial PSF [6]. The paper [7] proposes a new regularized Richardson-
Lucy algorithm for remote sensing image deconvolution, a piecewise local regulariza-
tion term is introduced to make the standard Richardson-Lucy algorithm capable of 
suppressing noise and ringing artifacts, and the proposed method is combined with 
residual deconvolution to strengthen the image edges. A new approach has been de-
veloped, in which a rough deconvolution is followed by noise filtering in the wavelet 
transform domain [8]. The paper [9] presents a new practical deblurring method, 
small-support-regularized (SSR) deconvolution, for low quality remotely sensed im-
agery. The aim of [3] is to optimize the compression/restoration chain in the context 
of satellite imaging through the proposition of a reliable technique to address the 
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optimal decoding-deconvolution-denoising problem. The paper [10] develops an 
iterative algorithm based on convex optimization techniques and a wavelet frame 
regularization for restoration of satellite image degraded by spatially variant PSF. 

The fuzzy sets theory is a generalization of the classical sets theory, which means 
that the latter is only a special case of the theory of fuzzy sets [11]. The fuzzy logic 
allows to take into account inaccuracies and uncertainties, one of his interests for 
formalizing human reasoning is that the rules are spelled out in natural language [12]. 

3 Blind image restoration 

3.1 Satellite image degradation 

The modeling of degradations suffered by the observed image is an essential step 
in order that the restoration takes place in good conditions. Consequently, the degra-
dation process of a satellite image subjected to spatially invariant blur and noise, 
commonly adopted in the literature, is modeled by [13]. 

 
Fig. 1. Image degradation model 

In the spatial domain, the modeling shown in figure 1 is denoted as follows: 

 ! !! ! ! ! !! ! ! ! !! ! ! ! !! !  (1) 

where ! represents the degraded image, ! is the original image, ! denotes the convo-
lution operator, ! is the degradation function which is also known as PSF, and ! is the 
Gaussian additive noise. 

Since the representation of the digital image is discrete, the equation (1) can be ex-
pressed as: 

 !
! !! ! ! !!! ! !! ! ! !!!!!!! !!!

!!!! ! !!!! !!!
!!!!  (2) 

where the size of mask ! changes according to the parameters of blur. 
In the frequency domain, the convolution product shown in equation (1) becomes a 

simple product of Hadamard (element by element): 

 ! !! ! ! ! !! ! ! !! ! ! ! !! !  (3) 
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where !, !, ! and ! represent the two-dimensional Fourier transforms of !, !, ! and 
! respectively. 

3.2 Iterative blind deconvolution 

The deconvolution consists of finding an estimate ! of the original image ! from 
the observation ! as given by equation (1), it is therefore an inverse problem. Because 
of the noisy data, this problem is part of the ill-posed inverse problems class [14]. 
According to Hadamard, the problem of type ! ! !!!! is well-posed if: 

1. a solution exists; 
2. the solution is unique; 
3. the solution depends continuously on the data. 

Thus, the solution may not exist, it is not necessarily unique and it may be unstable 
in other words a small error on the observation can lead to a large variation on the 
reconstructed solution. 

In order to reconstruct the image !, it is essential to determine the degradation pa-
rameters of blur and noise. These parameters are commonly unknown, then they must 
be estimated from the degraded image as shown in Figure 2. 

 
Fig. 2. Image restoration principle 

In the literature, there are two main approaches for blind image restoration [4]: 

1. identifying the PSF separately in order to use it later with one of the known classi-
cal image restoration methods; 

2. estimating the PSF and the restored image simultaneously, which leads to the de-
velopment of more complex algorithms. 

The first approach uses some simple algorithms and methods to estimate the PSF, 
and thus, the result of restored image is not perfect. Therefore, in this paper, we are 
interested in the second approach. Many methods have been proposed in previous 
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researches, among which the IBD method that is the most popular algorithm in the 
second class of approaches. 

The IBD algorithm begins with an initial estimate !!!!! !!, and uses it with a tradi-
tional deconvolution to get the initial image estimate !!!!! !!. The following se-
quences define the algorithm at iteration !: 

 
Algorithm 1 IBD algorithm 
Step 1: Find !!!!! !! the discrete Fourier transform of !!!!! !!.  
Step 2: Impose blur constraints in the Fourier domain (where !! !! denotes the 

complex conjugate): 

!! !! ! ! !!!!!!!!
!!!!!!

!!!!!!! !!! !!!!!!!!! !
 (4) 

Step 3: Find !!!!! !! the inverse discrete Fourier transform of !!!!! !!. 
Step 4: Impose spatial domain positivity and finite support constraints on 

!!!!! !! to give !!!!! !!. 
Step 5: Find !!!!! !! the discrete Fourier transform of !!!!! !!. 
Step 6: Impose image constraints in the Fourier domain: 

!! !! ! ! !!!!!!!!
!!!!!!

!!!!!!! !!! !!!!!!! !
 (5) 

Step 7: Find !!!!! !! the inverse discrete Fourier transform of !!!!! !!. 
Step 8: Impose spatial domain positivity and finite support constraints on 

!!!!! !! to give !!!!!!! !!. 
Step 9: Next iteration: set ! ! ! ! !; go to step 1. 

The real constant ! represents the energy of the additive noise, and it must be cho-
sen carefully in order to obtain a reliable restoration. This algorithm is highly sensi-
tive to the size of the initial guess of the PSF which has a direct impact on the ex-
pected result. The figure 3 illustrates the importance of knowing the size of the true 
PSF: 
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(a) (b) 

  
(c) (d) 

Fig. 3. Influence of the PSF size on the image. (a) Original image, (b) Degraded image with 
PSF size !!!, (c) Degraded image with PSF size !!!, (d) Degraded image with PSF 

size !"!!"  

4 Proposed approach 

The edges constitute an essential information for estimating the strength of PSF ef-
fect on the degraded image. The Sobel filters are the processed filter set: 

! !
! ! !
! ! !
!! !! !!

  ! !
!! ! !
!! ! !
!! ! !

 

 
The unique edge image ! that does not take orientation into account is calculated 

as follows: 

 ! ! !!! ! !!! (6) 
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where !! and !! are two images containing the horizontal and vertical edges respec-
tively. 

The fuzzy logic is based on the mathematical theory of fuzzy sets, it is an extension 
of classical logic that allows the modeling of data imperfections and approximates to 
a certain degree of human reasoning flexibility [11]. The main goal of the proposed 
Mamdani FIS is to decide the appropriate PSF size !!"# according to the maximum 
difference !! representing the sharp change of the luminous intensity of the unique 
edges image and to the maximum intensity !! of the same unique edges image. It is 
necessary to specify membership function for each fuzzy subset of each of our three 
linguistic variables: 

1. input 1: !!; subsets: low, normal, high; 
2. input 2: !!; subsets: black, white;  
3. output: !!"#; subsets: small, medium, large. 

The form of each membership function is chosen by carrying out statistical studies 
in the figures 4, 5 and 6 [15]: 

 
Fig. 4. Input variable diff 

 
Fig. 5. Input variable intens 
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Fig. 6. Output variable size 

In order to manipulate the fuzzy sets easily, we select the operators of Zadeh 
MIN/MAX for And/Or methods to adapt them to the membership functions: 

 !!!!!! ! ! !"# !!! ! ! !!! ! ! (7) 

 !!!!!! ! ! !"# !!! ! ! !!! ! ! (8) 

The fuzzy reasoning is based on fuzzy rules that are expressed in natural language 
using the linguistic variables of which we have defined previously [16]: 

1. If (diff is high) and (intens is white) then (size is small); 
2. If (diff is normal) then (size is medium); 
3. If (diff is low) and (intens is black) then (size is large). 

5 Experimental results and evaluations 

The test satellite image used in this work is a grayscale image of the “Image Pro-
cessing Toolbox” proposed by the MATLAB software [17], while the fuzzy logic is 
implemented through the “Fuzzy Logic Toolbox” also developped by MATLAB [18]. 
When the causes of blur are various and complicated, a Gaussian degradation model 
is used to approximate the composite effect. 

A study is performed on an image subjected to the degradation of both the Gaussi-
an blur (mask of !!!, standard deviation !! ! !), and the Gaussian additive noise 
(mean !! ! !, variance !!! ! !!!!!!"). The estimation of the PSF size is presented 
in figure 7. 
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Fig. 7. Defuzzification with the centroid method 

The image quality is evaluated by the Peak Signal-to-Noise Ratio (!"#$) quality 
measure: 

 !"#$ !! ! ! !" !"#!"
!!

!!! !
! !!!"! (9) 

where !  is the maximum value of the image pixels intensities. In our case, 
! ! !"". 

The figure 8 shows the obtained result of the realized study. 
The image quality improves which is illustrated in figure 8, demonstrating that the 

blind restoration of the satellite image using proposed FIS gives a better result and 
remains effective when the image is degraded by both Gaussian blur and Gaussian 
additive noise. 

 

  
(a) (b) 
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(c) (d) 

  
(e) (f) 

Fig. 8. Unique edges detection using the Sobel method. (a) Original image, (b) Edges of the 
original image, (c) Degraded image, (d) Edges of the degraded image, (e) Restored im-
age !"#$ ! !"!!"!!", (f) Edges of the restored image 

6 Conclusion 

We have proposed an improvement of IBD algorithm based on fuzzy logic in order 
to get rid of the difficulties related to the initialization of the PSF size parameter. To 
do this, we have defined the most suitable FIS. Indeed, the result of realized study 
affirms the efficiency of the proposed approach that is useful and valid as long as the 
satellite image to restore is weakly or moderately degraded. For the execution, the 
presented approach ensures a reasonable calculation time. 

Despite the IBD algorithm is affected heavily by the size of the initial guess of PSF 
and less by the values it contains, the estimating of these values remains an important 
step, and thus, the knowledge of blur form using fuzzy logic for blind image restora-
tion may be the subject of a study thereafter. 
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