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Abstract - Noise is a big issue in the electronic communication while transferring images. One of the most common noise in 
electronic communication is an impulse noise which is caused by unstable voltage. In this paper, the performance comparison 
of moon image with different denoising techniques is discussed for the removal of impulse noise. All these methods can 
primarily preserve image details while suppressing impulsive noise. The principle of these techniques is at first introduced and 
then analyzed with various simulation results using MATLAB. Most of the previously known techniques are applicable for the 
denoising of images corrupted with less noise density. The comparisons are made based on visual appreciation and further 
quantitatively by Structural Similarity Index (SSIM)) and Peak Signal to Noise Ratio (PSNR) of moon image with different noise 
level. 
 
Key Index: PSNR, MSE, Median Filter, Adaptive filter, Image processing with grey scale images. 

 

1. INTRODUCTION 
Image Processing is rapidly growing fields in the area of 
computer science and engineering. The advancements of this 
field has been improved by the technological advances in 
digital computing, computer processors, digital signal 
processing and mass storage devices. All fields which were 
operating on the traditionally analog imaging are now 
gradually switching to the digital systems for their ease of 
use, affordability and flexibility. Image processing is very 
useful and has been extensively used in the area of medicine, 
film and video production, photography, remote sensing, 
desktop publishing, military target analysis, and 
manufacturing automation and control. The various 
applications, such as those mentioned, usually require bright 
and clear images or pictures, hence corrupted or degraded 
images need to be processed to enhance easy identification 
and further works on the image. Image processing techniques 
such as image enhancement, object detection and image 
filtering are used to process the image depending on the type 
of interference that has caused the degradation factor. 
Filtering is an essential part of any signal processing system 
which involves estimation of a signal degraded in most cases 
by impulse noise which is mostly caused by the error 
generated when converting an analog signal to a digital signal 
using the analog-to-digital converter. Several filtering 
techniques have been developed over the years for various 
applications. The type of noise factor and intensity of the 
noise that has corrupted the image is also taken in to account 
before the filter is developed and used. Digital image filtering 

techniques can be categorized into two broad areas; spatial 
domain filtering and frequency domain filtering. The spatial 
domain filtering techniques are based on the direct 
manipulation of the image pixels whiles the frequency 
domain filtering techniques has to do with modifying the 
Fourier transform of the image. The spatial domain nonlinear 
filtering techniques are preferred in the presence of impulse 
noise (salt and pepper), since they can cope well with the 
nonlinearities of the image formation model and also takes 
into account the nonlinear nature of the human visual 
system. Order statistic filters are nonlinear spatial filters 
whose response is based on ordering (ranking) the pixels 
contained in the image area encompassed by the filter and 
then replacing the value of the center pixel with that value 
determined by the ranking result . The best known order-
statistic nonlinear filter is the median filter. A large number of 
methods have been proposed to remove impulse noise from 
digital images. The Standard median filter and mean filter are 
used to reduce salt pepper noise and Gaussian noise 
respectively. When these two noises exist in the image at the 
same time, use of only one filter method cannot achieve the 
desired result. The standard median filter] is a simple rank 
selection filter that attempts to remove impulse noise by 
changing the luminance value of the center pixel of the 
filtering window with the median of the luminance values of 
the pixels contained within the window. Although the median 
filter is simple and provides a reasonable noise removal 
performance, it removes thin lines and blurs image details 
even at low noise densities. The weighted median filter [6] 
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and the center-weighted median filter [7] are modified 
median filters that give more weight to the appropriate pixels 
of the filtering window. These filters have been proposed to 
avoid the inherent drawbacks of the standard median filter by 
controlling the tradeoff between the noise suppression 
Many researchers have been working on different non-linear 
filtering techniques. In Section 2, some of these filtering 
techniques will be discussed like the standard median filter 
(SM), differently applied median filter (DAMF), adaptive 
median filter(AMED), and noise adaptive fuzzy switching 
median filter (NAFSM) . 

2. REVIEW OF MEDIAN FILTERS 

 
There exist different filters for impulse noise removal 

from images. Linear filters such as averaging filters do good 
noise filtering to some extent, but produces blurring effect 
on the restored images. Non linear filters such as median 
filters are popular techniques for removing impulse noise 
because of its good denoising power and computational 
efficiency. Median filters (MED) replace the value of a pixel 
by a median of the intensity levels in the neighborhood of 
that pixel. Median filters use a fixed filtering window size for 
finding out neighborhood pixels. However most of the 
median filters are implemented uniformly across the image 
and thus tend to modify both noisy and noise free pixels. So 
there is a chance of replacement of good pixels by some 
corrupted ones. Consequently denoising is often 
accomplished at the expense of blurred and distorted 
features thus removing fine details in the image. There are 
different variations of median filters such as standard 
median filters (SM), differently applied median filters 
(DAMF), noise adaptive fuzzy switching median 
filters(NAFSM)and adaptive median filters (AMED). An 
adaptive median filter discriminates pixels in the filtering 
window as corrupted and uncorrupted and then a filtering 
technique is applied to corrupted pixels in the window. In 
this method noisy pixels are replaced by the median value of 
the pixels in the filtering window. AMED performs well at 
low noise densities since the corrupted pixels that are 
replaced by the median values are very few. At higher noise 
densities, window size has to be increased to get better 
noise removal which will lead to less correlation between 
corrupted pixel values and replaced median pixel values. In 
differently applied median filter the noise pixel alone are 
dealt neglecting the noise free pixel, noise pixel position are 
replaced with the corresponding median filter and the 
window size is also changed accordingly to increase the 
removal of the noise pixel in the image, the size of the 
window depends on the noise in the image, taking these in 
count this algorithm is efficient than other median filters 
that are being compared to(DAMF). The standard median 
filter is the simplest algorithm as it finds the median for the 
specific window and replaces the median, it does have a 
drawback of changing the median of noise free pixel so to 
overcome the drawback other algorithms are being 
practiced(SM).  A hybrid method, combining fuzzy approach 
and directional weighted median method FBDWM consists 
of two noise detection modules and a fuzzy filtering module 

for uniform impulse noise detection and reduction. Noise 
detection modules are based on fuzzy logic and four main 
directions whereas fuzzy filtering module utilizes the 
directional weighted median. But both  the methods work 
well only in the case of low density impulse noises. Switching 
median filters are shown to be simple and yet more effective 
than uniformly applied methods such as median filters. They 
perform noise filtering as a two stage process – detection 
and filtering. During detection stage, it will identify the 
possible noisy pixels in the image and then filtering 
algorithm is applied to replace noisy pixels. Usually noisy 
pixel replacements in switching median filters are done by 
using median filters and its variants. The efficiency of a 
switching median filter heavily depends on the efficiency of 
detection algorithm used. The earlier developed switching 
median filters were commonly found, being non adaptive to 
a given, but unknown, noise density and prone to yielding 
pixel misclassifications especially at higher noise density 
interference. There are different methods for impulse noise 
detection fuzzy approaches as in, neural approaches and 
boundary based approaches. Among the three categories 
boundary based approach is preferred due to its simplicity 
compared to computational complexity and system 
structure of other two categories. To address pixel 
misclassification issue in switching median filters at high 
density noise, a noise adaptive soft switching median filter 
(NASM) was proposed, which consists of a three level 
hierarchical soft switching process. The boundary based 
approach called boundary discriminative noise detection is 
very good in detecting impulse noises of various densities. 
BDND can handle image corruption even up to 90% noise 
density. Highly effective impulse noise reduction algorithm 
provides an efficient method for noise detection. This 
method uses both boundary based information and 
directional based information for detection purpose. This 
method is more efficient in noise detection than BDND 
method in terms of false alarms and misdetection produced. 
The detection scheme used in Noise Adaptive Fuzzy 
Switching Median Filter (NAFSMF)] uses a histogram based 
approach for detection. In this method, the two peaks in the 
image histogram that corresponds to noisy pixel values are 
identified by traversing histogram from both sides. In noisy 
pixel replacement stage many median based schemes have 
been proposed. The NASM noise replacement strategy gives 
robust performance in removing impulse noise while 
preserving signal details across a wide range of noise 
densities, ranging from 10% to 50%. However, for those 
corrupted images with noise density greater than 50%, the 
quality of the recovered images become significantly 
degraded, due to the sharply increased number of 
misclassified pixels. NAFSMF uses fuzzy membership value of 
luminance difference value and median value in the filtering 
window for noisy pixel replacement. The noisy pixels are 
replaced either partially or fully depending on fuzzy 
membership value. The MNASM is modified with BDND 
detector which gives better performance for high density 
impulse noises as compared to filtering in NASM but this 
modified NASM also causes blurring of edges and loss of 
finer details in the image. Due to this blurred edges  and 
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finer details further improvement is required in Adaptive 
filters. 

 
Simulation results 
In this subsection, we compared the results of standard 

median filter(SM),differently applied median filter(DAMF) 
adaptive median filter(AMED) and noise adaptive fuzzy 
switching median filter(NAFSM) it is being compared with 
two image quality metrics which are more preferred than 
others. The objective measurement of any filter for image 
processing, there are various parameters on the basis of 
which performances of the filtered images are evaluated. 
The peak signal to noise ratio is one of the parameter which 
gives best comparative analysis among others because Peak 
Signal to Noise Ratio  should be as large as possible which 
means that the content of signal in the output is large and 
the noise is less. Since it is peak signal to noise ratio that’s 
why the value of the signal is considered as maximum which 
is 255 (for gray scale images the gray scale ranges from 0 – 
255) and give the noise less images. 

 
PSNR := 10 log (2552 / MSE) 

In this equation MSE  is mean square error that should be 
less, which means that the pixel intensity of the input and 
output image should be as close as possible. 

MSE := 𝟏𝟏
𝒎𝒎𝒎𝒎

∑ ∑ (𝑥𝑥𝑥𝑥𝑥𝑥 − 𝑦𝑦𝑥𝑥𝑥𝑥𝒎𝒎
𝒋𝒋+𝟏𝟏

𝒎𝒎
𝒊𝒊=𝟏𝟏 )2 

 
Table 1:SSIM Values for Moon image with different filtering 
Technique 

 

The mean squared error (MSE) or mean squared deviation 

(MSD) of an estimator (of a procedure for estimating an 
unobserved quantity) measures the average of the squares of 
the errors—that is, the average squared difference between 
the estimated values and what is estimated. 

The second of these metrics, simplified, Structural 
Similarity (SSIM) given in  is defined as  

 

 
Figure1: Noisy images from 10% to 90% of noise ratio 

 
 
SSIM ( X, Y ) := (2𝜇𝜇𝑥𝑥𝜇𝜇𝑦𝑦 +𝑐𝑐1)+(2𝛿𝛿𝑥𝑥𝑦𝑦 +𝑐𝑐2)

(𝜇𝜇𝑥𝑥2+𝜇𝜇𝑦𝑦 2+𝑐𝑐1)+(𝛿𝛿𝑥𝑥^2+𝛿𝛿𝑦𝑦^2+𝑐𝑐2)
 

 
 
where μX, μY, σX, σY μX and σXY are the average intensities, 

standard deviations and cross-covariance for images X and Y , 
respectively. Here, C 1 : = ( K 1 L ) 2 and C 2 : = ( K 2 L ) 2 such 
that K 1 and K 2 are small constants and L = 255 for 8-bit 
grayscale images. In generally, K 1 = 0.01 and K 2 = 0.03. 

Table 1 and 2 shows the SSIM & PSNR values for different 
filters for the moon image with different noise level. 

 

 
 

Figure 2: Reconstructed image  for adaptive  median filter 
algorithm

 

Noise 
(%) 

SM DAMF NAFSM AMED 

90 0.7548 0.8549 0.0066 0.007 
80 0.8759 0.904 0.0142 0.0146 
70 0.9074 0.9267 0.0353 0.0369 
60 0.9253 0.9445 0.0962 0.0937 
50 0.9395 0.9582 0.2483 0.2657 
40 0.9502 0.9697 0.5005 0.5019 
30 0.9625 0.9787 0.7513 0.7811 
20 0.9727 0.9864 0.9024 0.9326 
10 0.9852 0.9933 0.9453 0.9736 
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Figure 3:Reconstructed images for differently applied     

median filter 
 

 
Table 2:PSNR values of the Moon image with different 

Filtering techniques 
 
 

 
Figure 4: Graph Representing the PSNR values comparison 

with respect to moon image 
 

 
Figure5 :Reconstructed images for noise adaptive fuzzy 

switching median filter 

 
Figure 6: Graph Representing the SSIM values 

comparison with respect to moon image. 
 
 

 
Figure 7:Reconstruced images for standard median filter 

 

Noise 
(%) 

SM DAMF NAFSM AMED 

90 31.769022 38.068867 37.771749 32.265743 
80 32.8271807 39.5442237 38.8570874 33.4794373 
70 33.4832154 40.788242 39.7177579 34.9629867 
60 34.2728379 41.8272777 40.3856444 36.8617879 
50 35.2943033 43.0073551 41.134433 38.8318928 
40 36.5424438 44.1482659 41.9843559 40.8888607 
30 38.2237798 45.8349262 43.3228995 42.9841242 
20 38.2237798 47.7623389 44.4977039 44.8989748 
10 41.3057152 51.1769069 47.3530626 46.1012725 
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2. CONCLUSION 

Different median filtering techniques have been discussed 
.The results presented above reveal that differently applied 
median filter technique gives better performance for image 
denoising of impulsive noise based on PSNR, SSIM and 
visual clarity. Both differently applied median filter and 
noise adaptive gives better results but on the basis of the 
metrics differently applied median filter is efficient . Thus, 
as a whole, differently applied median filtering technique 
are better techniques than any other techniques described 
above for filtering impulse noises and the computation time 
for these techniques are considerably less making them the 
ideal technique for use in real time application.  
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