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Abstract— As the noise may introduced anywhere within 

image, a filter is the essential part of the image processing units. 
The noise may corrupt the desired signal which may result in 

degradation in quality of the image. Among the different noises, 

the salt and pepper noise is also the frequently occurred noise 

within the image due to transmission error. In order to 

eliminate the effect of noise within the image, a special filter 
called median filter is used. As the noise density increases, the 

conventional median filter fails to provide noise-free image. 

Therefore, different algorithm that uses some decision to 

reduce the salt and pepper noise is proposed in the literature. 

This paper provides a comprehensive literature review on the 
different median filter algorithm and architectures. 
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I. Introduction 

With the advancement in the very large scale integration 

(VLSI) technology, there is the exponential usage of the 

portable devices exh ibiting multimedia application, in the 

recent years. This integration of huge functionality is 

imposing several challenges to the VLSI designer as 

increasing functionality increases the complexity which in 

turn increases failure probability. Further as area, power and 

delay are main  area of concern and at the same time it  is 

very difficult to achieve optimal value of these parameters. 

Image processing application is the prime component of the 

multimedia applicat ions. The image processing tasks are the 

area and performance inefficient and demands architecture 

that exhib its low computational complexity. Thus, a high 

performance image processing is the requirement of modern 

devices to work with the real-time applications.  

In the VLSI design the area, power and delay are the three 

primary parameter that designer wants to improve. But these 

parameters form a tradeoff triangle i.e. improving one 

parameter damages the other. The conventional approach of 

VLSI design provides accurate results i.e. follow the given 

specification. However, in real scenario it is not always 

required. There are many applications where minor erro r can 

be tolerated called as error tolerant applications.  

The image/video processing applications are error tolerant 

applications. In these applications, small error is tolerable as 

these applications produce output for human consumption as 

human have limited visual perception. Along with the 

multimedia applications, several other applicat ions such as 

that exh ibit probabilistic  computations and iterative 

computation also exhibits error tolerance. Thus, the accurate 

designs for these applications are the waste of power/area 

and performance. For these applications, accuracy can be 

seen as the new design parameter that can be traded to 

improve all design parameters.  

Filtering is the process that is commonly used most of the 

image processing cores as noise may occur anywhere in the 

image. From d ifferent types of noise [1-4], Salt and pepper 

(SAP) noise is the noise that occurs due to incorrect 

computations. Median filter is the most commonly used 

filter for reducing the SAP noise. In median filtering noisy 

pixel is replaced by the median of its neighbour. As the 

noise density increases, the conventional median filter fails 

to provide image of good quality. Further large size image 

sub-matrix is required that increases the computational 

complexity. There are d ifferent efficient algorithms for 

median filtering is developed such as modified decision 

based trimmed median filter. Although, these algorithms 

remove high density SAP noise, their complexity is large. 

There is demand of low complexity median filter design. 

In this paper, existing median  filter designs are implemented 

and then evaluated using design and error metrics and 

compared with the well-known existing architectures. 

II. Literature Review 

This section details different types of noises, their sources 

and severity on the image. 

2.1 Noises in the image 

Noise is unwanted signal which corrupts the desired 

informat ion in the image. The noise may come from either 

while sampling the input, incorrect computations, 

transmission error, or while storage.  This noise may have 

additive or mult iplicative nature i.e. it may  corrupt original 

signal in way that noise is added to the original signal or it 

may multip ly with the original signal. A lthough, the 

multip licat ive noise is very severe compared to the additive, 

it is rarely  occurred and most noises are of addit ive nature. 

The mathematically the noisy signals may be expressed by 

   (   )   (   )   (   )                       (1) 

   (   )   (   )   (   )                          ( ) 

Where, Ina(x,y), In m(x,y), I(x,y) and n(x,y) are the addit ive-

noisy, multip licative-noisy, original signal and noisy signal 

respectively.  

As the most of the noise affects the image signal at the pixel 

level and therefore signal manipulat ion or filtering is done at 

pixel level and image morphing is application where it is 

commonly  employed. The noise main ly affects the 

brightness of the orig inal signal. The following subsections 

provide detailed discussion on different noises where it starts 
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with the Gaussian noise followed by Speckle Brownian 

noise and “Salt and pepper” noise.  

2.1.1 Gaussian Noise 

It is a noise which exh ibits Gaussian distribution [1] over the 

location at which noise is introduced therefore it is called as 

Gaussian noise as shown in Figure 1. The pixel at which 

noise is cantered will be affected more as compared to the 

farther pixels noise intensity reduces exponentially. Its 

distribution of probability can be represented by a bell 

shaped graph. The mathemat ical model of the Gaussian 

noise can be represented by the Equation 1 given below. 

 ( )  
 

√    
 
 (   ) 

   
⁄

                  ( ) 

Where, m, g  and σ  represent the mean  or average, gray  level 

and the standard deviation of the noise respectively.  

 
Figure 1: Illustration of Gaussian noise distribution for varying 

mean and standard deviation 

The noise density is very high at the pixel and reduces 

exponentially. Thus noise effect is seen only on the few 

neighbour pixels.  

In order to remove the effect of Gaussian noise from the 

image and smoothing filter is commonly employed. The 

smoothing filter provides a weighted average value o f the 

considered neighbouring pixels. Therefore, the s moothing 

filter spread out the noise to the widow and makes it  less 

severe at a given pixel. Various energy efficient Gaussian 

smoothing filter architectures are present in the literature.  

2.1.2 Speckle Noise 

The Speckle noise [2] is mult iplicative in nature i.e. it affects 

the signal value severely. The prime sources of this noise the 

coherent returns of randomness in the coherent system such 

as synthetic aperture radar imagery, LASER and acoustic 

etc. A fu lly  developed speckle noise has the property of 

multiplicative property. 

 

 

2.1.3 Brownian Noise 

Brownian noise [3] also called flicker noise exh ibits inverse 

relationship with the frequency i.e. its magnitude is severe at 

lower frequencies compared to the higher frequencies. The 

Brownian motion represents the behaviour of the 1/f noise. 

A stochastic process which is non-stationary and exhib iting 

normal distribution is the Brownian  noise. Mathemat ically 

the 1/f noise can be achieved by integrating white noise. 

 

2.1.4 Salt and Pepper (SaP) Noise 

It is the impulse noise where noisy pixels achieve either 

maximum or min imum value. Therefore, Salt  and pepper 

noise [4-14] is kind of noise which exh ibits maximum error 

in the original signal i.e. it either makes the pixel va lue to 0 

or 255. Th is kind of error occurred in the image due to error 

in the data transmission. Let the probability of the error is a 

and b as shown in Fig. 2. This minimum or maximum setting 

of input image value is called  as Salt  and pepper noise due 

the fact that maximum value will be represented as white 

point while the min imum value will be represented by the 

black pixel. The SaP noise may also occurs due to the faulty 

memory locations or improper digit izat ion process. The 

image containing SaP noise is shown in Fig. 3. 

 
Figure 2: PDF for salt and pepper noise 

 
Figure 3: Salt and pepper noise 

2.2 Filter Algorithms and Architectures  

This subsection details different median filter design to 

eliminate Salt and Pepper noise. 
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2.2.1 Principle of median filtering 

A median filter is a nonlinear filter d ifferent to that of the 

mean filter. It follows same moving window principle as 

mean filter. In th is filter kernel size of 3x3, 5x5, o r 7x7 are 

consider at once and median of the sub-image matrix o f 

kernel size is taken as the output as shown in Fig. 4. In other 

words, the pixels of the selected window sizes are sorted and 

the central element is considered as the output of the median 

filter as compared  to mean filter where the mean  of the 

selected window is taken as output. 

 

Figure 4: Illustration of median filtering operation 

 

The example shown in Fig. 5 illustrates that window size of 

3x3 exhib its median value of 124 which will replace the 

central noise pixel (red co lour) of value 255. Thus the 

median filter can easily eliminate the effect of noise as the 

noisy pixels will always fall on the boundaries.  

 

 
Figure 5: Median filtering concept 

 

As the noisy pixel does not affects the neighbour pixels  in 

the salt and pepper noise, the median filter provides better 

filtering compared to the mean. Further, in the median filter, 

the noisy pixel is replaced by the one of its neighbour pixels; 

it does not create false value which  cannot occur in the 

image. Therefore, the median filter provide image which 

exhibits good edge characteristics over the mean filter which 

generates new pixels from the mean of its neighbours.  

 

In the MATLAB, tool of image processing contains 

medfilt2(). The function takes input image and the window 

size as input parameters. The image can be loaded into the a 

variable using imread() function. The noise in this image 

can be added to make noisy image by using inbuilt function 

imnoise(). This noisy image can  be filter using median  filter 

function medfilt2() existing in the MATLAB toolbox. The 

function imnoise() have feature to allow noise of different 

mean and standard deviation while  medfilt2() can filter 

image with different kernel size. Fig. 6 shows the filtered 

image using median filter. From the filter image it can be 

seen that edges in the image are not spoiled and are very 

sharp.  

 

 
 

(a) Input to median filter (b) Output from median  

filter 
Figure 6 Cameraman image with (a) Salt and pepper noise (b) 

filtered image 

 

Although, the median filter prov ides noise free image with 

higher quality over the mean and other filter at low no ise 

density, its performance degrades with increasing the noise 

density. The median of a given kernel will always a noisy 

pixel if the noise is very high. To achieve h igh image quality 

even under present of high noise, different decision based 

median filter algorithm and  their architectures are developed 

in the literature.  

 

2.2.2 Modified decision based asymmetric trimmed 

median filter (MDBATMF) algorithm 

An asymmetric trimmed median filter algorithm [15] 

employing decision making circuitry such that the filter can 

eliminate noise of colour or gray scale image even under 

higher salt and pepper (SAP) noise. Algorithmic step can be 

understood by the flow chart as shown in Figure 7 below.  

International Journal of Advanced and Innovative Research (2278-7844) / # 245 / Volume 5 Issue 4

   © 2016 IJAIR. All Rights Reserved                                                                                245



 
Figure 7: Flow chart of the proposed algorithm 

 

In the proposed algorithm the noisy pixel is replaced by the 

median of the trimmed window where pixels having value 0 

or 255 are eliminated. Further in the algorithm if all the 

pixels are having value 0 or 255, then the noisy pixel is 

replaced by the selected window mean value. It is observed 

that proposed technique provides better noise reduction over 

the prevailing for d ifferent gray-scale and colour images. 

The MDBATMF algorithm first detects the noisy pixels and 

if the entire pixels are noisy then the selected window mean 

will be the resulting pixels otherwise the algorithm 

eliminates the noisy pixels and performs the median 

operation on the remaining pixel.  

 

IV. EXPERIMENTAL RESULT & ANALYSIS 

In order to evaluate the quality metrics, MATLAB tool is to 

model the proposed and existing architectures of the median 

filters. These implemented designs on MATLAB. The noisy 

images are created and then filtered via proposed and 

existing median filters. The filtered images are ext racted and 

compared.  

4.2 Simulation results on MATLAB 

To evaluate the quality metrics , in the original image [16], 

salt and pepper noise is first introduced with d ifferent noise 

density using MATLAB inbuilt function. The noisy images 

having different noise density are shown in Fig. 7 while the 

filtered images using various filters are shown in Fig. 8. 

 
(a) Image with 2% noise 

density 

 
(b) Image with 20% noise 

density 

 
(c) Image with 50% noise 

density 

 
(d) Image with 100% noise 

density 
Figure 7: Original and noisy images with varying noise density 

 

 
(a) Filtered via CMF with 

20% noise 

 
(b) Filtered via CMF with 

50% noise 

 
(c) Filtered via MDBTMF 

with 20% noise 

 
(d) Filtered via MDBT-MF 

with 50% noise 
Figure 8: Filtered Lena images using CMF (a), (b), MDBTMF 

(c), (d) and proposed MF (e), (f). 

The error between the original image and the filtered output 

image is extracted for d ifferent image median filters  as 

shown in Table 1.  

 

Table 1: Comparison error metrics for different median 

filter architecture 

Metrics CMF MDBTMF 

20% 50% 20% 50% 

PSNR 85.81 77.01 88.44 84.44 

SSIM [17] 0.938 0.314 0.980 0.934 

 

The simulat ion results of the conventional and MDBTMF 

filters show that MDBTMF filter provides higher quality 

(SSIM) value over the conventional median filter. Similarly 

it can also observed that MDBTMF median filter provides 

International Journal of Advanced and Innovative Research (2278-7844) / # 246 / Volume 5 Issue 4

   © 2016 IJAIR. All Rights Reserved                                                                                246



much higher PSNR metrics over the conventional median 

filter architecture as shown in Figure 9.  

 

 
Figure 9: Comparison of PSNR for various MF at different 

noise density 

 

It can be concluded from the quality metrics and the image 

obtained after filtering  is that the proposed median  filter 

performs better noise filter over the existing median  filter 

architectures.  

 

V. CONCLUS ION 

There are different  types of the noises that corrupt the 

images. The salt and pepper noise the common noise which 

occurs due to transmission error. The median filter is 

commonly used to reduce the salt and pepper noise 

compared to the mean filter. In this work existing techniques 

of the median filters are explored and analyzed.  
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