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Abstract: 

The image enhancement is the basic problem in the digital image processing. The salt & pepper noise (Impulse Noise) is the on e 

type of noise that occurs in images during transmission or analog to digital conversion. This paper deals the performance 

comparison of the various   filters which are used to remove the impulse noise from the images. The performance criteria are the 

mean square error (MSE) and peak signal to noise ratio (PSNR). 
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INTRODUCTION 

The basic problem in image processing is the image 

enhancement and the restoration in the noisy environment. If 

we want to enhance   the quality of images, we can use 

various filtering techniques which are available in image 

processing. There are various filters which can remove the 

noise from images and preserve image details and enhance 

the quality of image. Salt & Pepper noise is the one type of 

noise which occurs due to the dead pixels or analog to digital 

conversion of images. To remove this impulse noise we have 

filters like Min. filter, Max. filter , MinMax . Filter, Mean 

filter, Median filter, weighted median filter, Adaptive 

Median Filter. In this  paper we check that which filter is best 

for impulse noise removal.  

 

Noise Model  

Image noise is the degradation of the quality of the image. 

Image noise is produced due to the random variation of the 

brightness or the color information in images that is 

produced by the sensors and the circuitry of the scanner or 

digital cameras. Image noise can also originate in film grain  

and in the unavoidable shot noise of an ideal photon 

detector. Image noise is generally regarded as an undesirable 

by-product of image capture. 
 

Salt-and-pepper noise  

The image which has salt-and-pepper noise present in image 

will show dark p ixels in the bright regions and bright pixels 

in the dark regions. [1]. The Impulse noise occurs due to the 

quick transitions such as faulty switching , can be caused by 

the dead pixels, or due to analog-to-digital conversion  

errors, or b it erro rs in the  transmission, etc. This all can be 

eliminated in  large amount by using the technique dark 

frame subtraction and by interpolating around dark/bright 

pixels. 
The pdf of Impulse noise is given by: 

          p(z) =        
                     

                      
                       

  

If b>a, intensity b will appear as a light dot in the image or 

level a will appear like a dark dot or vice-versa. 

 

 

Impulse noise removal  Filters  

There are various filters which can be used to remove the 

impulse noise which is explained below: 

 

Max. Filter 

The max filter is used to find the brightest point in an image. 

It uses the maximum intensity value in a sub image area. 

This filter reduces the pepper noise because it has  very low 

values of intensities. So it can only remove pepper noise. 

  (x,y ) =             
         

Where, g(s ,t) is the sub image area of m*n image.  

 

Min Filter  

This filter is used to find the darkest point in an image. It  

uses the min imum intensity value in a sub image area. This 

filter reduces the salt noise as a result of min operation. 

  (x,y ) =                      

Where  g(s, t) is the sub image area of the m*n image. 

 

MINMAX Filter 

This filter is the combination of the Min and Max filter. This 

filter does not remove the impulse noise but it is best suitable 

for the Gaussian or uniform noise. 

  (x,y )= 1/2[              
          

         
          

Where g(s, t) is the sub image area of the m*n image.  

 

Mean Filter  

This filter is used to remove the salt & pepper noise both 

simultaneously from the image. We consider a sub image 

area of size m*n centered at (x,y).We find the mean value of 

that sub image area and replaces the mean value with the 

central value. The image details are not preserved in this 

operation, some details are lost. 

  (x,y ) = 
 

  
                

 

Where g(s, t) is the sub image area of the m*n image.  

 

Median Filter  

Median filtering is a nonlinear operation used in image 

processing to reduce "salt and pepper" noise. Also Mean 

filter is used to remove the impulse noise. Mean filter 
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replaces the mean of the pixels values but it does not 

preserve image details. Some details are removes with the 

mean filter. In the median filter, we do not replace the pixel 

value with the mean of neighboring pixel values, we replaces 

with the median of those values. The median is calculated by 

first sorting all the pixel values from the surrounding 

neighborhood into numerical o rder and then replacing the 

pixel being considered with the middle pixel value. (If the 

neighboring pixel which is to be considered contains an even 

number of pixels, than the average of the two middle pixel 

values is used.) Fig.1 illustrates an example calculation.  

 
             Fig.1:Exp . of median filtering 

 

The median filter g ives best result when the impulse noise 

percentage is less than 0.1 %. When the quantity of impulse 

noise is increased the median filter not gives best result. 

Now we consider a sub image area of total image.  

               
                                      

           

Where g(s, t) is the sub image area of the m*n image.  

 

Weighted Median Filter  

In the wmf the weights are assigned to the each element in a 

window. These weights are mult iplied to each element in the 

window. This filter also removes the impulse noise but 

image details are lost in this filter.  

MS E & PSNR 

The term MSE (mean square error) is the difference between 

the original image and the recovered image and it should be 

as minimum as possible.  

The term peak signal-to-noise ratio, PSNR, is the ratio 

between the maximum possible  

Power o f a signal and the power of corrupting noise signal. 

 

MSE=
 

  
                     

   
   
    

 

           The PSNR is defined as: 

 

  PSNR = 10.        
    

 

   
  

 

  = 20.       
    

    
   

 

Where, 

MAXI is the maximum possible pixel value of the image.  

 

Simulation Results 

 

We perform the result on the original cameraman.tif image. 

We check the performance on the different % of the impulse 

noise. The median filter gives the best result. These filters 

give the best result when the impulse noise percentage is 

0.1%. The PSNR is increasing when the noise % is 

decreasing. 

 
      Fig.1 

 
     Fig.2 

 
      Fig.3 

 
Fig.4 

original cameraman image in .tif  format

Impulse Noisy Image With % 0.01

MSE=1603.35,PSNR=16.11

output of Min. Filter

MSE=2024.04,PSNR=15.10

output of Max. Filter

http://en.wikipedia.org/wiki/Signal_(information_theory)
http://en.wikipedia.org/wiki/Noise
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Fig.5 

 
Fig.6 

 
Fig.7 

 
Fig.8 

Table 1 shows that when the % of impulse noise is 

decreasing, the mse is decreasing &  PSNR  is increasing. 

Impulse 

Noise 
Min. Filter  Max. Filter 

(In 

Percentage) MS E PSNR MS E PSNR 

0.2 11268.04 7.65 13931.34 6.72 

0.1 7263.7 9.55 8750.2 8.74 

0.01 1603.4 16.11 2024 15.1 

0.001 956.1 18.36 1074.3 17.85 

0.0001 885.96 18.69 1010.4 18.12 

Table 1 

 

Table 2 shows that when the % of impulse noise is 

decreasing, the mse is decreasing &  PSNR  is increasing. 

 

Impulse 

Noise 
MinMax. Filter  Mean Filter  

(In 

Percentage) MS E PSNR MS E PSNR 

0.2 150.98 26.13 77.74 29.26 

0.1 150.8 26.38 60.25 30.37 

0.01 143.43 26.8 28.41 33.63 

0.001 141.43 26.92 23.43 34.47 

0.0001 141.34 27.06 23.06 34.54 

Table 2 

 

Table 3 shows that when the % of impulse noise is 

decreasing, the MSE is decreasing & PSNR is increasing. 

 

Impulse 

Noise 

             

Weighted 

Median 

Filter 

  Median Filter  

(In 

Percentage) MS E PSNR MS E PSNR 

0.2 32.48 33.05 19.55 35.25 

0.1 30.28 33.35 17.37 35.77 

0.01 28.29 33.65 15.85 36.16 

0.001 28.08 33.68 15.7 36.21 

0.0001 28.09 33.69 15.68 36.21 

 

Table 3 

 

From the above table we conclude that when the impulse 

noise % is decreasing the PSNR. 

 

Conclusion 

From the above tables & figures we conclude that the 

median filter is the best salt & pepper noise removal filter.  
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