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Abstract 

In the present paper a comparative performance evaluation of standard median filter and adaptive 

median filter for impulsive and non- impulsive noises has been discussed. The Adaptive Median Filter 

eliminates the problems faced with the standard median filter, preserving the edges while smoothing the 

image. The difference between the two filters is that, in Adaptive Median Filter, the size of the window 

surrounding each pixel is variable. This variation depends on the median of the pixels in the present 

window. It is seen that impulse noise is greatly attenuated if filtered adaptively. 
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INTRODUCTION 

Removal of noise is an important step in the image 

restoration process, but de-noising of image 

remains a challenging problem in recent research 

associate with image processing. De-noising is 

used to remove the noise from corrupted image, 

while retaining the edges and other detailed 

features as much as possible. This noise gets 

introduced during acquisition, transmission & 

reception and storage & retrieval processes. Noise 

may be classified as substitutive noise (impulsive 

noise: e.g., salt and pepper noise, random valued 

impulse noise, etc.), additive noise (e.g., additive 

white Gaussian noise) and multiplicative noise 

(e.g. speckle noise). However, in this paper the 

investigation has been limited to salt and pepper 

noise, additive Gaussian noise and speckle noise. 

In general, the goal of any noise removal scheme 

is to suppress noise as well as to preserve details 

and edges of image as much as possible. The 

probability density function of the noise used in 

this paper is given below: 

 

 

Salt & Pepper Noise: These are dark pixels on 

light background and bright pixels on dark 

background. It is also called as impulse noise 

whose probability density function is given: 

p(z) =    ,  for z=x 

p(z) =    ,  for z=y 

p(z) = 0 , Otherwise 

If y>x, gray level y will appear as light dot in the 

image else x will appear as dark dot. 

Gaussian Noise: These are randomly distributed 

normal noise expressed as: 

P (z) =  
    

   
       

    …..(1) 

Where z is gray level, μ is mean of z, σ is standard 

deviation,    is called variance of z. 

 

Speckle Noise (SPKN): The distribution noise is 

given as: 

 J=I + n*I                                                                     

…… (2) 

Where J is the distribution speckle noise image, I 

is the input image and n is the uniform noise 

image. 
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In this paper, noise removal is done using both 

standard median filtering and Adaptive median 

filtering. The Adaptive Median Filter is used to 

eliminate the problems faced with the standard 

median filter. The basic difference between the 

two filters is that, in the Adaptive Median Filter, 

the size of the window surrounding each pixel is 

variable. This variation depends on the median of 

the pixels in the present window. If the median 

value is an impulse, then the size of the window is 

expanded. Otherwise, further processing is done 

on the part of the image within the current window 

specifications. ‘Processing’ the image basically 

entails the following: The center pixel of the 

window is evaluated to verify whether it is an 

impulse or not. If it is an impulse, then the new 

value of that pixel in the filtered image will be the 

median value of the pixels in that window. If, 

however, the center pixel is not an impulse, then 

the value of the center pixel is retained in the 

filtered image. Thus, unless the pixel being 

considered is an impulse, the gray-scale value of 

the pixel in the filtered image is the same as that of 

the input image. Thus, the Adaptive Median Filter 

solves the dual purpose of removing the impulse 

noise from the image and reducing distortion in the 

image. Adaptive Median Filtering can handle the 

filtering operation of an image corrupted with 

impulse noise of probability greater than 0.2. This 

filter also smoothens out other types of noise, thus, 

giving a much better output image than the 

standard median filter. 

 

The remainder of this paper is organized as 

follows: Section 2 gives the overview of the 

related works. Section 3 describes the 

implementation of the algorithm. Results are 

analyzed in section 4. Section 5 contains the 

concluding remarks and future enhancement. 

1. Overview of related works 

Over the last few years there has been innumerable 

research carried on median filters for removal of 

salt and pepper noise from the images, by various 

authors [3,4,5 ]. The success of median filters can 

be attributed to two intrinsic properties: edge 

preservation and efficient noise attenuation with 

robustness against impulsive type noise. Adaptive 

median filter proved better than a standard median 

filter, but owing to its increasing window size lead 

to blurring of images [4]. Switched median filters 

[5,6] were proposed. But these filters do not have a 

strong decision or does not consider the local 

statistics. To elude the flaw, Decision based filter 

[7] was proposed. This filter identifies the 

processed pixel as noisy, if the pixel value is either 

0 or 255; else it is considered as noiseless pixel. 

Under High noisy environment the DBA filter 

replaces the noisy pixel with neighborhood pixel. 

To modified median filter the concept of median 

deviation is added and used in estimating and 

removing the noise, and implemented by 

developing a Graphical User Interface in 

MATLAB and also implemented using the Spartan 

3E Filed Programmable Device [8]. The results are 

found to be better than earlier methods and also 

robust in terms of preserving the contrast and fine 

details of the image even at high noise densities. 

              

A comparative study on three types of noise as 

Salt & Pepper noise, Gaussian Noise and Speckle 

noise has been undertaken under six different 

noise densities varying from 10% to 60% with the 

use of four filters as Average filter(AF), Adaptive 

Median filter(AMF), Standard Median filter(SMF) 

and Alpha Trimmed Mean filter (ATMF) in [9]. 

Improved Impulse noise Detector (IID) for 

Adaptive Switching Median (ASWM) filter is 

presented in [10]. The idea behind the improved 

impulse noise detection scheme is based on 

normalized absolute difference within the filtering 

window, and then removing the detected impulse 

noise in corrupted images by using ASWM filter. 

This detection scheme distinguishes the noisy and 

noise-free pixels efficiently. A ROAD (Rank 

Order Absolute Difference) statistics in adaptive 

median filter is introduced to identify the noisy 

pixels in image corrupted with salt & pepper noise 

[11]. ROAD statistics values quantify how 

different in intensity the particular pixels are from 

their most similar neighbors. After identify the 

presence of impulse noise, adaptive window 
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filtering concept is used to filter the salt & pepper 

noise. 

IMPLEMENTATION 

The adaptive filter works on a rectangular region 

    . The adaptive median filter changes the size of 

    , during the filtering operation depending on 

certain criteria as listed below. The output of the 

filter is a single value which then replaces the 

current pixel value at (x, y), the point on which 

     is centered at the time. The following notation 

is adapted from the [1] and is reintroduced here: 

     = Minimum gray level value in      

     = Maximum gray level value in      

    = Median of gray levels in      

    = gray level at coordinates (x, y) 

    = Maximum allowed size of      

The adaptive median filter works in two levels 

denoted Level A and Level B as follows: 

Level A:  

A1=      -      

A2=      -      

If A1 > 0 AND A2 < 0, Go to level B 

Else increase the window size 

If window size <=     repeat level A 

Else output      

Level B:   

B1 =      –      

B2 =      –      

If B1 > 0 And B2 < 0 output      

Else output      

The algorithm has three main purposes: 

(a) To remove ‘Salt and Pepper’ noise. 

(b) To smoothen any non-impulsive noise. 

(c) To reduce excessive distortions such as too 

much thinning or thickening of object boundaries. 

RESULTS 

The adaptive median filter is designed to remove 

impulsive noise from images. Therefore, our 

algorithm’s performance was first tested with basic 

salt and pepper noise with a noise density of 0.25.  

The next test involves processing images that 

contain impulsive and/or non-impulsive noise. It is 

well known that the median filter does not provide 

sufficient smoothening of non-impulsive noise.  

Therefore, Gaussian and ‘salt and pepper’ noise 

were added to the image which was then processed 

by the algorithm. The adaptive median filter does a 

fairly good job of smoothening the image out in 

the presence of non-impulsive noise. 

 

The image used here is tested for all three noises. 

Firstly it is processed for salt n pepper noise (fig 

1(a)), the results of standard and adaptive median 

filter are shown in figure 1(b) & (c) respectively. 

Figure 2(a) show the image corrupted by Gaussian 

noise and results of standard and adaptive median 

filter are shown in figure 2(b) & (c) respectively. 

Figure 3 shows the image corrupted by Speckle 

noise and output of standard and adaptive filter. 

 

Figure1 (a): Image corrupted by salt n pepper 

noise 

 

Figure1 (b): Output of standard median filter 
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Figure 1(c): Output of adaptive median filter 

Figure1: Processing of salt n pepper noise  

 

 

Figure2 (a): Image corrupted by Gaussian noise 

 

Figure 2(b): Output of standard median filter 

 

Figure 2(c):Output of adaptive median filter 

Figure2: Processing of Gaussian noise 

 

 

Figure 3(a): Image corrupted by Speckle noise 

 

Figure 3(b): Output of standard median filter 
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Figure 3(c): Output of adaptive median filter 

Figure3: Processing of Speckle noise 

CONCLUSION 

We have implemented the above-mentioned 

adaptive median filter in Matlab. Our inputs 

include deciding the initial size of the window, the 

maximum allowable size of the window for a 

particular pixel etc. For example, for pixels located 

near the edge of the image, we would be devising a 

method for determining the maximum window 

size, the pixels that would make up the window 

beyond the image dimensions etc. 

The adaptive median filter successfully removes 

impulsive noise from images. It does a reasonably 

good job of smoothening images that contain non-

impulsive noise.  Overall, the performance is as 

expected and the successful implementation of the 

adaptive median filter is presented. 
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