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Abstract—To recover a sharp version from a blurred image 

is a long standing inverse problem. Although an image can 

be deblurred with any kind of deblurring technique. But type 

of image also matters a lot. In this paper, we analyzed the 

research on this topic experimentally through three 

paradigms: 1) the normal image; 2) average image; and 3) 

dense image. Firstly we blurred our image with Gaussian 

blur and Motion blur. Then, we will try to deblur the blurred 

image with basic deblurring techniques, that is Blind 

Deconvolution, Lucy Richardson Algorithm, Wiener Filter 

and Regularized Filter. All these filters have their own 

effects on the blurred image. 
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I. INTRODUCTION 

RECOVERY of a sharp image from a blurred one is an ill-

posed problem for many scientific applications, like 

astronomical imaging and photography etc. There are many 

features of a camera and a scene that can cause  blur, like 

spatially uniform defocusing blur and spatially varying 

defocusing blur, former dependent on  the depth and later  

due to focal length changes over the image plane, spatially 

uniform blur and varying blur because of  camera translation 

and due to camera roll and pitch motions respectively[1] . 

In short, we can say that camera movement or 

object motion during the image capture process, or when 

long exposure times are used by the subject, making use of a 

wide-angle lens, turbulence of atmosphere, or a short 

exposure time, that will reduce the number of photons 

captured and Scattered light distortion in confocal 

microscopy are some reasons for image blurring. In this 

paper, we  will try to analyze the effect of deblurring  on 

three types of images blurred with Motion blur as well as 

Gaussian blur, by applying four basic techniques of 

deblurring i.e. 1)Blind Deconvolution 2) Wiener Filter 3) 

Regularized Filter 4)Lucy Richardson Algorithm . 

The Blind Deconvolution Algorithm can be used 

effectively when no information about the distortion 

(blurring and noise) is known. The algorithm will restore the 

image and the point-spread function (PSF) at the same time. 

Wiener deconvolution can be used effectively only when the 

frequency features of the image and additive noise are 

already known, to at least some degree. In the absence of 

noise, the Wiener filter also known as lowpass filter is 

reduced to an ideal inverse filter. A regularized filter can be 

used effectively when limited information is known about 

additive noise. 

 
Fig. 1: Camera Translation and Camera Rotation 

A. Image Deblurring: 

1) Image Degradation Model: 

For a linear invariant system, the observed/distorted image 

       can be constructed as a convolution of the object 

function       , which is the actual object, having the image 

degradation function       , which is also commonly 

known as the point spread function (PSF).  

                                             (1.1) 

Where        is an additive noise function which describes 

the random variation of the pixel intensity.According to the 

definition of convolution theorem, a convolution of two 

spatial functions is expressed as product of their respective 

Fourier transform (FT) in frequency domain. Hence, the 

image degradation model can be written as shown above in 

equation (1.1). In an image degradation model, the 

degradation function can be modeled as a low pass filter, 

which will give blurry effect in result. Fig. 2 displays the 

block diagram of image degradation and process of 

restoration. Actually, the image restoration process involves 

in reversing the effects of distortion. 

2) Image Restoration Model: 

Image Restoration is defined as the removal or reduction of 

those degradations in images which occur by the limitations 

of a  camera sensor and its surroundings, noise filtering 

process, and correction of geometric distortion or non-

linearity due to sensors. Image is restored to its original 

quality by inverting the physical degradation phenomenon 

like defocus, linear motion, atmospheric turbulence and 

additive noise etc. As mentioned earlier, the image 

restoration process is achieved by inversing the image 

degeneration process. 

O(x, y) = (I(x, y) -- N(x, y)) / H(x, y) = I (x, y) /  ̂ (x, y) 

                                                                                - (1.2) 

where    ̂      is the inverse filter, and  ̂      is the 

recovered image after applying the filter.Although the 

concept looks simple, the actual implementation is not so 

easy to achieve, as one requires prior knowledge or 

identifications of the unknown degradation function        

and the unknown noise source       .  
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Fig. 2: Block Diagram of Image Degradation and 

Restoration 

Where 

 O(x, y) =original image 

 H(x, y) =degradation function 

 N(x, y) =additive noise 

  ̂(x, y)=restored image 

3) Objective of Restoration Process: 

The objective of restoration process is to estimate the  ̂(x,y) 

from the degraded version [2], when some knowledge of 

degradation function H and noise „n‟ is there. The degraded 

image I(x,y) can be represented as : 

i(x,y)=f(x,y)*o(x,y)+n(x,y)                            (1.3) 

This equation is in domain and * represents convolution and 

An equivalent frequency domain is expressed as: 

I(u,v)=F(u,v)*O(u,v)+N(x,y)                         (1.4) 

Here, 

 I(u,v)=O[i(x,y)] 

 F(u, v)=O[f(x, y)] 

 O(u, v)=F[o(x, y)] 

4)  Degradation / Point-Spread Function Estimation: 

“The PSF is the degree to what an imaging system or a 

technique spreads a point of light”. Usually there are 

assumptions about the degradation function which are: 

Linearity and Position-invariant, i.e., the response at any 

point in an image depends only on the value of the input at 

that point and not on its position in the image. For a finite 

camera aperture size, the impulse response of the  camera 

can be described by the airy function, as shown in Fig 3. 

One can see that when a point object is imaged by the image 

capturing system, the observed image is affected by the 

point spread function of the capturing system. Fig 4, 

displays the degraded image which is caused by the point 

spread function.  

 
Fig.3: Point spread function (Airy disk pattern) of a point 

source. Left figure is representing the perception of the light 

distribution when viewing an Airy disc (shown on the right 

figure) 

 
Fig. 4: Left Figure Represents an Impulse of Light and Right 

Represents Degraded Image of Light Impulse 

Similar to the idea of impulse response in the signals and 

system, the image capuring system response can be 

described by the point spread function (PSF), which is 

obtained by transforming a point object        by the 

system representation   

                                                                  (1.5) 

One must realize that imaging a point object is not 

practical; hence, instead of finding the PSF(point spread 

function) directly, edge spread function is computed first. A 

normalized edge is defined as a step function below: 

        {
      if x   
      if x   

                                                     (1.6) 

By differentiating the above edge spread function, 

a line spread function along x direction is obtained. Using 

the line spread functions acquired for both axial and azimuth 

direction, a two-dimensional PSF can be obtained, i.e.,  

Psf(x,y)=(step(x)/ dx)*step(y)/ dy                                 (1.7) 

In the process of estimating the PSF, the line 

spread function are computed by evaluating the gradient or 

an edge in an image, along axial and azimuth direction i.e. 

true north. 

Basic definition of a line spread function is a measure of the 

ability of a system to form sharp images. 

 
Fig.5: Process of Estimating 2-D Point Spread Function 

5) Point Spread Functions: 

The point spread function (PSF) describes the response of an 

image capturing system to a point source or point object. A 

more general definition for the PSF is a system's impulse 

response, the PSF being the impulse response or 

IRF(impulse response function) of a focused optical system. 

The PSF in many fields can be thought of as an extended 

blob in an image that represents an unresolved object. In 

practical terms it is the spatial domain version of the transfer 

function of the image capturing system. It is a useful 

concept in Fourier optics, astronomical imaging, electron 

microscopy and other imaging techniques like 3D 

microscopy (like in confocal laser scanning microscopy) and 

fluorescence microscopy.  

The degree of spreading (blurring) of the point 

object is a measure for the quality of an imaging system. In 

non-coherent image capturing systems such as fluorescent 

microscopes, telescopes etc, the image formation process is 



Study & Analysis of Effects of Deblurring on Different Sets of Images 

 (IJSRD/Vol. 3/Issue 02/2015/511) 

 

 All rights reserved by www.ijsrd.com 2080 

linear in power and described by linear system theory. This 

means that when two objects A and B are imaged 

simultaneously, then it results in an output object which is 

equal to the sum of the independently imaged objects. In 

other words: the imaging of A is unaffected by the imaging 

of B and vice versa, owing to the non-interacting property of 

photons.  

The image of a complex object can then be seen as 

a convolution of the true object and the PSF. However, 

when the observed light is coherent, image formation is 

linear in the complex field. Recording the intensity image 

then results in cancellations or other non-linear effects. 

 
Fig. 6: Image Formation in a Confocal Microscope 

 
Fig.7: Isotrophic PSF 

 
Fig. 8: Antistrophic PSF 

B. Image Deblurring / Restoration Operation: 

1) Restoration – Inverse Filter: 

The image restoration can be achieved by applying an 

inverse filter    ̂      to the     blurred image, that is 

 ̂      
      

 ̂     
                                           (1.8) 

Theoretically, the inverse filter is the inverse of the 

degradation or degeneration function. But, if this was 

implemented, the inverse filter will enlarge the high 

frequency noise. This is due to reason that most degradation 

function have low-pass filter nature, hence, it has low high 

frequency power spectrum. If an inverse operation has to be 

performed, the inverse filter will require having a high-pass 

filter nature, which will cause the blurred image to have a 

magnified high frequency noise. Therefore, the actual 

implementation of inverse filter need to consider the nature 

of the degradation function and blurred image function, i.e.,  

 ̂      {
                       

                         
                           (1.10) 

Where   is a threshold that is used to mitigate the effect of 

zeros in the degradation function? 

2) Restoration – Wiener Filter: 

The effect of noise distribution is not considered in the 

inverse filter operation. Let us assume the additive noise 

power spectrum and image power spectrum are          

and          . Generally,          is having a dominant 

effect on          in the high frequency region, as          

goes on concentrating in low frequency spectrum.  

In the Fourier domain, the Wiener filter can be expressed as: 

W(u, v) =H*(u, v)/|H(u, v)|
2
+Snx(u, v)                  (1.11) 

Where                             is the 

noise-to-signal ratio (NSR). It is visible that in high 

frequency region, the resulting          is relatively large, 

i.e.,                  . As a result the high frequency 

response of the restoration filter is suppressed. Figure 6, 

implies the power spectrum characteristics of the inverse 

filter and Wiener filter. 

It is waste of time to  note that if no noise is presented, 

i.e.,          , the Wiener filter is the inverse filter: 

                  {
                     

                           
            (1.12) 

Wiener Filter is also called as Mean Square Error (MMSE) . 

Hmmse(w1, w2)=H*(w1,w2)/|H(w1,w2)|
2
 +K                    (1.13) 

K=ϭ
2

w/ ϭ
2
z where  

ϭ
2
w=noise energy,   

ϭ
2
z=signal energy 

 

Fig. 9: Comparison between Inverse Filter and Wiener Filter 

3) Restoration-Blind Deconvolution: 

Both inverse and Wiener filter require accurate estimation of 

the degradation function and knowledge about the noise 

elements . But when we will  do it practically, it is often 

hard to obtain. Blind deconvolution is a method where 

accurate estimation of the degradation function is not 

needed. model for restoring image.Instead, an earlier guess 

of the degradation function is sufficient. The blind 

deconvolution is an iterative process is shown in Fig 9. This 

is usually carried out in the frequency domain. The blind 

deconvolution algorithm not only tries to restore the blurred 
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image, but it also estimates the degradation function through 

MAP. 

 
Fig. 10: Process of Blind Deconvolutiom 

II. RESULTS AND DISCUSSION 

In this paper, we have studied the effects of deblurring on 

three kinds of images .The three type of images are: Normal 

Image, Average Image and Dense Image. We have assumed 

a Normal Image as one which has only a single object, 

Average Image as one which has two or more objects in it 

and a Dense Image as one which has multiple objects. One 

image is taken at a time and blurred with any one type of 

blur, either a Motion blur or a Gaussian blur. Then we 

analyze the result of deblurring on it by applying four 

deblurring techniques 

A. Effect of Deblurring On a Normal Image Blurred With 

Gaussian Blur: 

 
(a)                (b)                      (c) 

 

 
  (d)                   (e)                      (f) 

Fig. 11: (a) Normal Image(b)Blurred(c)Image After Blind 

Deconvolution(d)Image after Wiener Filter (e)Image After 

Regularized Filter(f)Image After Lucy Richardson 

Algorithm 

B. Effect of Deblurring on a Normal Image Blurred With 

Motion Blur: 

 

(a)                      (b)                        (c) 

 

              (d)                       (e)                      (f) 

Fig. 12: (a) Normal Image(b)Blurred(c)Image After Blind 

Deconvolution(d)Image after Wiener Filter(e)Image After 

Regularized Filter(f)Image After Lucy Richardson Algo 

C. Effect of Deblurring on an Average Image Blurred With 

Gaussian Blur: 

 
                (a)                          (b)                         (c)                   

 
(d)                          (f)                       (e) 

Fig. 13: (a) Normal Image (b) Blurred (c) Image after Blind 

Deconvolution (d) Image after Wiener Filter (e)Image after 

Regularized Filter (f) Image after Lucy Richardson 

Algorithm 

D. Effect of Deblurring On an Average Image Blurred With 

Motion Blur: 

 
(a)                       (b)                         (c) 
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(d)                          (e)                      (f) 

Fig. 14: (a) Normal Image (b)Blurred (c)Image After Blind 

Deconvolution(d)Image After Wiener Filter (e)Image After 

Regularized Filter (f) Image After Lucy Richardson 

Algorithm 

E. Effect of Deblurring On a Dense Image Blurred With 

Gaussian Blur: 

 
(a)                           (b)                          (c)  

 
(d)                           (e)                          (f) 

Fig. 15: (a) Normal Image (b) Blurred (c) Image After Blind 

Deconvolution(d)Image after Wiener Filter (e)Image After 

Regularized Filter (f) Image After Lucy Richardson 

Algorithm 

F. Effect of Deblurring On a Dense Image Blurred With 

Motion Blur: 

 
(a)                           (b)                          (c)

 
(d)                           (e)                          (f) 

Fig. 16: (a) Normal Image (b)Blurred (c)Image After Blind 

Deconvolution (d)Image after Wiener Filter(e)Image After 

Regularized Filter (f)Image After Lucy Richardson 

Algorithm 
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