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Abstract 

The principles of inverse filtering, wiener filtering, and histogram equalization 
combined median filtering are introduced and studied. Three image restoration 
methods are compared in a variety of blur and noise conditions. Their own 
advantage and disadvantage are described. The simulation experiments of three 
methods for the motion blurred image with and without noise have been done by 
MATLAB. It is demonstrated that, in certain conditions, one restoration method 
is preferable to others. 
Keywords:image degradation, image restoration, inverse filtering, wiener 
filtering, median filtering. 

1. Introduction 

The image is the human visual basic, gives specific and visual effects. Image in 
the acquisition, transmission and storage process will be subject to such as 
blurring, distortion, noise and other reasons, these reasons will make the image 
quality degradation. The purpose of image restoration is to rebuild original 
image from observation of its degraded image. It is studied widely as is the basis 
of image processing, model identification, machine vision, and so on. It has been 
applied on such fields as astronomical, remote sensing and medical image. The 
restoration of images is a hot research topic in the field of digital image 
processing, and the recovery of motion blurred or noise image is one of the 
important subjects of image restoration. As an important aspect of image 
processing, image restoration has got more and more attentions in recent years. 

Many factors can cause the degradation, such as noise of sensor, not focus of 
camera, object movement, object illumination, light scatter. In cases like motion 
blur, it is possible to come up with a very good estimate of the actual blurring 
function and undo the blur to restore the original image. In cases where the 
image is corrupted by noise, the best we may hope to do is to compensate for the 
degradation it caused.  Image restoration task is to find out the noise property 
and come up with a method to remove them and to find out the degradation 
function and perform the inverse process. The principal method of image 
restoration is firstly to construct the model of image degradation, then implement 
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the image approximation according to the preceding model. According to 
unconstrained restoration, inverse filtering is used; according to constrained 
restoration, wiener filtering is used. Several of the methods used in the image 
processing world to restore images will be introduced and implemented in the 
paper. 

 The paper is organized as follows. In the next section, we propose the 
degradation function and model that we research in this paper, and some 
definitions and assumptions are given. In Section 3, two common restoration 
methods are introduced. Combining histogram equalization and median filtering, 
a new image restoration method is presented. Section 4 presents experimental 
results. Finally, we conclude our paper in section 5. 

2. Estimating the degradation function 

The degradation process is modeled as a degradation function. H is the 
degradation function with some knowledge, ( )yx,η  is the additive noise term 

with some knowledge, the object is to obtain an estimate ( )yxf , of the original 

image. The objective of restoration is to obtain an estimate ( )yxf ,ˆ  of the 

original image. The estimate image ( )yxf ,ˆ  is as close as possible to the 

original input image. The more H and η  are known, the closer ( )yxf ,ˆ  will be 

to ( )yxf , .  If H is a linear, position-invariant process, then the degraded image 
model is given in the spatial domain by Eq.1 or in frequency domain by Eq.2 or 
in vector form by Eq.3. Where ( )yx,η  is the additive noise term, ( )yxh ,  is 

called as Point Spread Function (PSF). A true image ( )yxf ,  is estimated from 

a degraded image ( )yxg ,  based on prior knowledge of PSF ( )yxh ,  and the 

statistical properties of noise ( )yx,η . 
( ) ( ) ( ) ( )yxyxfyxhyxg ,,,, η+∗=                          (1) 

( ) ( ) ( ) ( )vuvuFvuHvuG ,,,, η+=                            (2) 
η+= Hfg                                                  (3) 

A mathematical model of motion blur will be derived. If T is the duration of 
the exposure, the blurred image is obtained by Eq.4.  Where ( )txo  and ( )tyo  
are the time varying components of motion in the −x direction and 
−y direction. 

 ( ) ( ) ( )[ ]dttyytxxfyxg
T

∫ −−=
0 00 ,,                            (4) 

The spatial noise may be considered random variables characterized by a 
probability density function. For example, Gaussian noise’ mathematical 
tractability in both spatial and frequency domains, this model is used frequently. 
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The noise image is obtained by Eq.5.Where z  is gray level (Gaussian random 
variable), u is the mean of average value of z, and σ is standard deviation. 

( ) ( ) 22 2

2
1 σ

πσ
uzezp −−=                                      (5) 

 

3. Image restoration methods 

3.1 Inverse filtering 

If a good model of the blurring function is created, the quickest and easiest way 
to restore that is by inverse filtering. If ( )vuG ,  is divided by ( )vuH ,  to get an 

estimate of ( )vuF , , then equation 6 is get. This is called direct inverse filtering. 

( ) ( )
( ) ( ) ( )

( )vuH
vuNvuF

vuH
vuGvuF

,
,,

,
,,ˆ +==                       (6) 

If ( )vuH , has zero or very small value, the ( ) ( )vuHvuN ,,  can easily 
dominate the estimate. Through this method, an image assuming a known 
blurring function is looked. Restoration is good when noise is not present and not 
so good when it is. The inverse filtering is a restoration technique for de-
convolution, i.e., when the image is blurred by a known low-pass filter, it is 
possible to recover the image by inverse filtering or generalized inverse filtering. 
However, inverse filtering is very sensitive to additive noise. The approach of 
reducing degradation at a time allows us to develop a restoration algorithm for 
each type of degradation and simply combine them. 
 

3.2 Wiener filtering. 

The Wiener filtering executes an optimal trade off between inverse filtering and 
noise smoothing. It removes the additive noise and inverts the blurring 
simultaneously. The Wiener filtering is optimal in terms of the mean square error. 
In other words, it minimizes the overall mean square error in the process of 
inverse filtering and noise smoothing. The Wiener filtering is a linear estimation 
of the original image. The approach is based on a stochastic framework. The 
orthogonal principle implies that the Wiener filter in Fourier domain can be 

expressed as follows Eq.7. Where ( ) ( ) 2,, vuFvuS f = , ( ) ( ) 2,, vuNvuSn =  
are respectively power spectra of the original image and the additive noise, and 
( )vuH ,  is the blurring filter. 

( ) ( )
( ) ( ) ( )vuSvuSvuH

vuHvuH
fn

W
,,,

,, 2 +
=

∗

                                  (7) 
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It is easy to see that the Wiener filter has two separate parts, an inverse filtering 
part and a noise smoothing part. It not only performs the de-convolution by 
inverse filtering (high-pass filtering) but also removes the noise with a 
compression operation (low-pass filtering). Image restoration using wiener 
filtering is implemented, which provides us with the optimal trade-off between 
de-noising and inverse filtering. The result is in general better than with straight 
inverse filtering. 

 

3.3 A new image restoration method. 

Combining histogram equalization and median filtering, a new image restoration 
method is proposed. The median filter is a nonlinear digital filtering technique, 
often used to remove noise. For an even number of entries, there is more than 
one possible median, see median for more details. Where 

( )( )01 orWWW mnmn ==  is expressed as a filter window, the center value 

of the filter window (m, n) is (0, 0), and ( ){ ( ) }2,, Iyxyxf ∈  is expressed 
as the image gray value of each point. The restoration image is obtained by Eq.8. 

( ){ } ( ){ ( ) }2,,1,,ˆ IyxWnymxfMedyxfMedf mn ∈=++== (8)                                                              
Histogram equalization is a method in image processing of contrast adjustment 
using the image's histogram. This method usually increases the global contrast of 
many images, especially when the usable data of the image is represented by 
close contrast values. Through this adjustment, the intensities can be better 
distributed on the histogram. The method is useful in images with backgrounds 
and foregrounds that are both bright or both dark. A key advantage of the method 
is that it is a fairly straightforward technique and an invertible operator. The 

transformation function is Eq.9. Where ( )yxf ,  is the input image, ( )yxf ,ˆ  
is the processed image, and T is an operator on f defined over some 
neighborhood of ( )yx, . 

( ) ( )[ ]yxfTyxf ,,ˆ =                                             (9) 
 

4. Experimental results 

In this paper, a car image is the research object. Through MATLAB simulation 
soft, the experiment using three image restoration methods are done in noise 
conditions. The simulation experiment results are shown in Fig. 1. The effects of 
images restoration are the best using median filtering combined histogram 
equalization.  
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(a)Original image 

 

 
(b) Degradation image caused by noise 

 

 
(c) Inverse filtering 

 

 
(d) Wiener filtering 
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(e) New method 

 
In motion blurred conditions, the simulation experiments are carried on, which 
the effects are shown in Fig. 2. Using inverse filtering, the effect of image 
restoration is the best. 
 

Fig.1: Restoration image in noise condition 
 

 
(a)Original image 

 

 
(b) Degradation image caused by motion blurred 
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(c) Inverse filtering 

 

 
(d) Wiener filtering 

 

 
(e) New method 

 
Fig.2: Restoration image in motion blurred condition 

5. Conclusions 

The present paper is mainly concerned with the restoration problem. The 
degradation functions of motion blurred and noise are introduced. Three image 
restoration methods are introduced, compared and simulated by MATLAB. The 
result is demonstrated that, in certain conditions, one restoration method is 
preferable to others. 
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