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Abstract ـــ Despite begin known for many years that an 

enhancement and analysis of digital image has been played an 

important role in many engineering applications. The 

enhancement technique usually performed through nonlinear 

filter rather than linear filter. The performance of an image 

filtering system depends on algorithms ability to detect the 

presence of noisy pixels in the image. This paper, deals with 

impulse noise in every pixel in the image which will be tested first 

to determine whether it is corrupted with noise or not. Although 

a Modified Enhanced Recursive Median Filter will be applied on 
the corrupted pixel while the uncorrupted pixel value is retained.  

The performance of proposed filter is measured visually 

preview and also numerically using Mean Square Error (MSE) 

and Peak Signal to Noise Ratio (PSNR) of different filtered 

images. It shows the capability to remove low and high density 
impulsive noise and preserving the edges.  

Keywords—Impulse Noise, Modified Enhanced Recursive 
Median Filter, Mean Square error, Peak Signal to Noise Ratio. 

I. INTRODUCTION 

An image consists of a two-dimensional array of numbers. 
The color or gray shade displayed for a given picture element 
(pixel) depends on the number stored in the array for that 
pixel. [1] When an image is acquired or is transmitted for 
image processing applications, there are chances of image 
degradation. The degradation could be noise. Noise can be 
Gaussian, Impulse noise (Salt & Pepper), Speckle, Poisson 
etc. [2] 

Impulse noise is a special type of noise where the intensity 
of the corrupted pixels has the tendency of being either 
relatively high or low, the principal sources of impulse noise 
in digital images arise due to transmission errors, faulty 
memory locations or timing errors in analog-to-digital 
conversion. [3]  

So, noise suppression or restoration the images are one of 
the major important task in the field of image processing. 
There are many works on the suppression or restoration of 
images corrupted by impulse noise. The Median Filter, 
Recursive Median Filter and Enhanced Recursive Median 
Filter are most popular approaches for impulse noise 
suppression. However, Median Filter, Recursive Median 
Filters are fail to restore the images at considerably higher 
densities of noise, but suitable for low density of noise. On the 

other hand, Enhanced Recursive Median Filter has high 
efficiency in suppression high density of noise compared to 
Median Filter and Recursive Median Filters, but at low density 
of noise, the efficiency of this filter less than or equal 
Recursive Median Filter. In this paper, we have proposed filter 
(Modified Enhanced Recursive Median Filter) for the 
suppression of high and low density impulse noise in 
difference types of grey scale images.   

II. SOURCES AND TYPES OF NOISE 

Digital noise is generally caused by insufficient light levels 
at the site location. It may also occur when the imaging 
sensors come under the effect of environmental conditions at 
the time of image acquisition. Many types of noise can be 
effect on images one of these types is impulse noise. [2]  

Impulse (Salt & Pepper) noise corruption is very common 
in digital images, it is always independent and uncorrelated to 
the image pixels and is randomly distributed over the image, 
in (salt & pepper) type of noise the noisy pixels takes either 
salt value (gray level 255) or pepper value (grey level 0) and it 
appears as black and white spots on the images. If p is the total 
noise density, then salt noise and pepper noise will have a 
noise density of p/2.This can be mathematically represented 
by. [4] 

yij =  {

zero  or 255        with probability  p

xij        with probability 1 −  p 

              (1) 

where yij represents the noisy image pixel, p is the total 
noise density of impulse noise and xij is the uncorrupted 
image pixel. At times the salt noise and pepper noise may 
have different noise densities p1 and p2 and the total noise 
density will be 

 p = p1+ p2.  

III. FILTERING METHODS 

Filtering in an image processing is a basis function that is 
used to achieve many tasks such as noise reduction, 
interpolation and re-sampling. The choice of filter is 
determined by the nature of the task performed by filter and 
behavior and type of the data.  Filters can be described by 
different categories: - 
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 Filtering without Detection:  

In this filtering there is a window mask which is moved 
across the observed image. This mask is usually of the size 
(2N+1)/2, in which N is an any positive integer. This category 
performs some arithmetic operations without discriminating 
any pixel of image. 

 Detection followed by Filtering:  

This filtering involves two steps. In the first step it 
identifies the noisy pixels of image and in second step it filters 
those pixels of image which contain noise. The filtering 
operation is performed only on those pixels of image which 
are found to be noisy in the first step, keeping the non-noisy 
pixel of image intact.  

 .Hybrid Filtering:  

In hybrid filtering scheme, two or more filters are used to 
filter a corrupted location of a noisy image. The decision to 
apply a particular filter is based on the noise level of noisy 
image at the test pixel location and the performance of the 
filter which is used on a filtering mask. [5] 

This paper will be test efficiency proposed filter (Modified 
Enhanced Recursive Median Filter) in impulse noise 
suppression and then compare the performance to another 
types of filter like Median Filter, Recursive Median Filter and 
Enhanced Recursive Median Filter. 

a. Median Filter 

The Median Filter (MF) is a simple nonlinear smoother 
that can suppress noise while retaining sharp sustained 
changes (edges) in signal values. To define the running 
median smoother, let { x ( ▪  ) } be a discrete time sequence. 
The running median passes a window over the sequence          
{ x ( ▪  ) } that selects, at each instant "n". The median 
smoother operating on the input sequence { x ( ▪  ) }, where { 

x ( ▪  ) } is a discrete time sequence this produce the output 
sequence {y}, at time index  "n". 

Y(n) = MEDIAN [x(n – NL ), …, x(n), … , x( n + NR)] 

        = MEDIAN [x1(n), … , xN (n)]                           (2)                                            

where NL and NR range in value over the nonnegative 
integers and N = NL + NR + 1 is the window size. That is, the 
samples in the observation window are sorted and the middle, 

or median, value is taken as the output. [6] 

b. Recursive Median Filter 

The Recursive Median Filter (RMF) is a modification of 
the median filter defined in equation (2). Specifically, the 
output y(k) of the median filter of size 2N + 1 is given by[6]  

Y(n) = MEDIAN [y(n – NL ), …, y(n – 1 ),  x(n), … ,  

                                                   x( n + NR)]               (3) 

c. Enhanced Recursive Median Filter 

Enhanced Recursive Median Filter (ERMF) has efficient 
noise suppression capability than median filter. The size of 
moving window has a significant effect on the performance of 
Recursive Median Filter in reduction of noise in image. When 
an image has high density of noise and small size window is 

used for filtering, then a probability of selecting noisy pixel 
increases and performance of filter degraded. [7] 

Therefore, enhancing the performance of recursive median 
filter, the window size must not be same for whole image. The 
size of the moving window should be adjusted as per the noise 
density or randomness of image. Entropy is a statistical 
measure of randomness that can be used to characterize the 
texture of the input image and is defined as: [7] 

E =  − ∑ P(ak)  log2 P(ak)                                          (4) 

k

k=1

 

Where {P(a1),P(a2),……,P(ak)} is a set of probabilities 
which is associated to a source of random events 
{a1,a2,…..,ak}. An image is elucidated as specimen of gray 
level source. The probabilities of source can be exhibited by 
the grey level histogram of a digital image. By using equation 
(4) the randomness in an image can be found.  

d. Proposed Filter  

As per the description in the section III sub section (c) 
Enhanced Recursive Median Filter, it works with the principle 
of changing the mask or window based on noise density. This 
type of filters is efficient if the noise density is high, but if the 
density of noise is low, efficiency of this filter will be less 
than or equal to Recursive Median Filter, because firstly, 
processing it will be done for all pixel in the image and 
secondly, large size of mask or window will suppression noise 
but reduce preserve or details of the image, these reasons 
reduce efficiency of the filter at low density of noise. 

The proposed filtering algorithm technique works by same 
manner of Enhanced Recursive Median Filter except. 

 Firstly, processes only the corrupted pixels in order to 
preserve the fine details and textures that are contained in the 
original image. Otherwise, the pixel value is retained and the 
filtering window moves to the next pixel position. 

 Secondly The size of the moving window will be constant 
with size 3x3 for all the image, the moving window has pixel 
values and to find the randomness of these pixel value uses the 
equation (4). Now will use the concept of uncertainty and 
adapt the median value of the Recursive Median Filter. If the 
pixel is noisy and ratio of uncertainty low then recursive 
median filter is applied as in equation (3), if the pixel is noisy 
and ratio of uncertainty is high then recursive median filter 
also is applied but median value is taken from last output only 
as.  

Y(n) = MEDIAN [y(n – NL ), …, y(n – 1 )]                    (5)  

Proposed filter algorithm performs better than Median 
Filter, Recursive Median Filter and Enhanced Recursive 
Median Filter. 

IV IMAGE QUALITY ASSESSMENT METRICS 

The image quality assessment measures are helpful in 
detecting the quality of the processed image in comparison 
with the original image. In this work it has been concentrate 
on objective quality measurement like Mean Square Error 
(MSE), Peak Signal to Noise Ratio (PSNR). 
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A. Mean Square Error 

The most frequently used image quality measures are 
deviations between the original and processed images of 
which the mean square error MSE or signal to noise ratio SNR 
are the most common measures. The effectiveness of the 
algorithm stands in minimizing the mean square error. If   
F(X, Y) is the original clean image, G(X, Y) is the corrupted 
image and I(X, Y) is the denoised image then MSE is given by  

MSE =
1

M ∗ N
 ∑ ∑[F(X, Y) − I(X, Y)]2

N−1

Y=0

M−1

X=0

               (6) 

Where, M and N are the number of rows and columns or 
(dimension) in the input image. 

B.  Peak Signal to Noise Ratio 

Larger PSNR indicates a smaller difference between the 
original uncorrupted image and the denoised image. This is 
the most widely used objective image quality/distortion 
measure. The main advantage of this measure is ease of 
computation. PSNR is calculated using, [8] 

PSNR = 10log10  (
𝑅 ∗ 𝐶

MSE
 )                              (7) 

Where, R is the number of rows of the original image, C  is 
the number of columns of the original image. 

V. SIMULATION RESULTS 

In this paper we used MATLAB to implement the code to 
simulate the results. The performance of the proposed 
algorithm is tested with different grayscale images. The Peak-
Signal-to-Noise Ratio (PSNR) and Mean Square Error (MSE) 
schemes are used to quantitatively assess the strength and 
quality of the restored images. Then compared this 
performance with another filters. the proposed algorithm has 
been used an equation (4) to calculate the uncertainty of mask 
with a threshold value is 0.6. If the ratio of uncertainty is less 
than or equal to 0.6 then recursive median filter is applied, if 
the ratio of uncertainty is equal to or greater than 0.6 then 
recursive median filter also is applied but median value is 
taken from last output only. 

Figures (1, 2 and 3) show the obtained result from 
simulating of these filters with density of noise 50% for three 
images, image (1), image (2) and image (3) respectively, 
where 

 (a) represents the original image 

 (b) represents the corrupted image 

 (c), (d), (e)and (f) represent the filtered image using  

Median Filter, Recursive Median Filter, Enhanced 
Recursive Median Filter and proposed filter respectively. 

(d)

(a) (c)(b)

(e) (f)  

Fig. 1 Result at density of Noise 50% for image (1) 

(d)

(a) (c)(b)

(e) (f)  

Fig. 2 Result at density of Noise 50% for image (2) 

(d)

(a) (c)(b)

(e) (f)

Fig. 3 Result at density of Noise 50% for image (3) 
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Figure 1, 2 and 3 illustrated the one sample of filtering 
method at density of noise 50% on different images, while 
filtering image at other ratios from density of noise are 
illustrated only using PSNR and MSE in tables 1, 2 and 3 as 
well as figures 4, 5 and 6 respectively. 

Table -2 The performance of listed filters for image (1) 

Filters type 

Noise density 

10% 30% 50% 70% 80%  

MF 
PSNR 29.74 21.84 13.58 8.59 6.65 

MSE 69.96 530.04 2.89 e 3 9.12 e 3 1.42 e 4 

RMF 
PSNR 31.15 25.88 20.97 15.04 11.23 

MSE 50.64 170.45 527.61 2.06 e 3 4.96 e 3 

ERMF 
PSNR 28.15 23.54 21.17 16.87 13.39 

MSE 101.02 291.70 503.55 1.35 e 3 3.02 e 3 

MERMF 
PSNR 32.46 27.21 24.66 21.73 20.20 

MSE 37.51 125.33 225.87 442.48 629.61 
 

 

Table -2 The performance of listed filters for image (2) 

Filters type 

Noise density 

10% 30% 50% 70% 80%  

MF 
PSNR 35.81 26.07 17.88 12.67 10.82 

MSE 34.55 325.22 2.14 e 3 7.12 e 3 1.09 e 4 

RMF 
PSNR 34.99 30.23 25.71 19.81 15.34 

MSE 41.73 124.73 353.68 1.37 e 3 3.84 e 3 

ERMF 
PSNR 33.46 28.83 26.39 22.39 17.65 

MSE 59.27 172.27 302.25 759.47 2.26 e 3 

MERMF 
PSNR 36.68 30.99 28.46 25.92 24.39 

MSE 28.27 104.90 187.59 336.65 478.95 

 

Table -3 The performance of listed filters for image (3) 

Filters type 

Noise density 

10% 30% 50% 70% 80%  

MF 
PSNR 30.96 23.74 16.60 11.46 9.65 

MSE 85.80 452.89 2.34 e 3 7.64 e 3 1.16 e 4 

RMF 
PSNR 30.50 26.50 23.16 17.44 14.04 

MSE 95.34 239.47 517.42 1.93 e 3 4.24 e 3 

ERMF 
PSNR 29.34 25.66 23.20 19.78 16.31 

MSE 124.77 290.66 512.28 1.12 e 3 2.50 e 3 

MERMF 
PSNR 34.97 29.21 26.08 23.24 21.31 

MSE 34.11 128.39 264.03 508.14 791.58 

 

 

 
Fig4: The Peak Signal to Noise Ratio of Filers for image (1) 

 
Fig5: The Peak Signal to Noise Ratio of Filers for image (2) 

Fig6: The Peak Signal to Noise Ratio of Filers for image (3) 

VI. CONCLUSION 

In this paper different image filtering algorithms are 
implemented to suppression salt-pepper noise from 
different images. The performance of these filters are 
measured using the PSNR and MSE. The proposed filter 
gives desirable results, at high and low density of noise. 
That is clear from large PSNR value, ensuring high image 
enhancement. 

The efficiency of filters in noise suppression depend on 
the details of the image, this is appearing from large PSNR 
and small MSE values in tables and figures.   
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