
IJECT Vol. 6, IssuE 1, spl- 1 Jan - MarCh 2015  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 44   InternatIonal Journal of electronIcs & communIcatIon technology

Moderate Density Salt & Pepper Noise Removal
1Shubhendu Banerjee, 2Aritra Bandyopadhyay, 3Rajib Bag, 4Atanu Das

1Narula Institute of Technology, Agarpara, Kolkata, West Bengal, India
2,3Supreme Knowledge Foundation Group of Institutions, Mankundu ,Hooghly, India
4Netaji Subhash Engineering College, Technocity, Garia, Kolkata, West Bengal, India

Abstract
Digital gray scale images are susceptible to salt and pepper noise 
contamination often due to capturing difficulties. Salt and pepper 
noise are treated by intensity values 0 & 255. This paper proposes 
a denoising technique for images corrupted by moderate density 
salt and pepper noise. The proposed method first divided the image 
into four equal segments across the middle and different pixel 
approximation (averaging) method is applied for each segments. 
The method is iterated a number of times till desired performance 
is achieved.  Experimental results with this proposed novel method 
shows that method outperform with respect to Mean Square 
Error (MSE), Peak Signal-to-Noise Ratio (PSNR) and Image 
Enhancement Factor (IEF).
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I. Introduction
DIGITAL images are often corrupted by impulse noise also 
known as salt and pepper noise. The salt and pepper noise are 
also called shot noise or spike noise caused by memory cell failure, 
malfunctioning camera sensor cells or by synchronization error 
in image digitizing or transmission for which a certain amount of 
pixels in the image looks black & white[16,19]. If the intensity 
of every pixel is represented by 8 bits, it gives 256 possible 
combinations of gray levels in the range 0 to 255. The intensity 
values 0 and 255 are considered as salt and pepper noise intensities. 
Positive impulse appears as white (salt) point with intensity ‘255’ 
and negative impulse appears as black (pepper) point with intensity 
‘0’ respectively[3]. It gradually distorts the images. There are 
certain popular filtering or de-noising techniques [1-15] to remove 
this type of noise. Filters can be linear or non-linear. Linear filters 
suffer from blurring and edge issues which may be removed with 
the introduction of non-linear filters [7]. The traditional non linear 
filters are not very effective when the noise level is above 40%. 
The proposed method can specially recover moderate density 
(40%-70%) noise effectively and also give satisfactory result 
where the noise densities are high. In these situations it was found 
interesting to divide the image in to segments (equal in this case) 
and run averaging operations with neighbourhood (3 x 3 here) 
pixels intensities separately. The averaging operations are applied 
iteratively until some desired results are achieved.
Rest of the paper is organized as follows. Next section II presents 
some related works contemporary to this research. Section III 
presents the proposed novel method in detail. Section IV presents 
the results and discussions for the investigations carried out with 
the proposed method. The paper is ended with a section (Section 
V) demonstrating the conclusion and future scope of this present 
work.

II. Related Work
There have been different traditional filters [1-4,10-15] for 
removing salt and pepper noise. Among them the simplest and 
traditional way to remove salt & pepper noise is by windowing 

the noisy image with a conventional mean filter. Mean filters 
[12] are the most traditional filter used as smoother purpose. But 
median filters [1, 2, 4, 6] are the most effective non-linier filters 
available for de-noising salt & pepper noise. SMF (Standard 
Median Filter) is the preliminary non-linier filter introduced by 
Tukey [17] who has applied it to the smoothing of statistical 
data. It is also useful for edge preservation in an image while 
removing a noise. Apart from that it is famous for its great de-
noising performance and computational efficiency. But the main 
disadvantage of SMF is that the modifications are implemented in 
all pixels of an image. So with the corrupted pixel, noiseless pixels 
also get modified. Apart from that SMF[4] is effective only at low 
noise densities; its activity is poor when number of noisy pixels 
in a window are greater than the half of the number of the pixels 
in that window [3].To overcome such problems median filters 
are modified to produce various new filters. An AMF (Adaptive 
Median Filter) eliminates the above drawbacks. Here only noisy 
pixels are identified and changed leaving behind the noiseless 
pixels unchanged. The AMF[18] works better in lower noise 
densities. Also the coupling between the corrupted and replaced 
pixels are not so much. Therefore edges are smeared. But it is also 
not very effective for high noise density levels and its increasing 
window tends to blurring of images. These causes the introduction 
of Decision Based Filter (DBA). It was possible to eliminate the 
blurring issue by DBA but there is a chance to develop streak in 
the image due to repeated neighborhood pixel replacement [8]. 
That leads to a new Decision Based uniform trimmed median filter 
(DBUTMF) and successively Modified Decision Based uniform 
trimmed median filter (MDBUTMF)[9].

III. Proposed Method
Let xi,j for (i,j) Є A ≡ {1,2,3,…M} × {1,2,3,……N} be the gray 
intensity level at pixel location (i,j) of a true (M×N) image X.
The intensity values 0 and 255 are considered   as corrupted pixels. 
All the intensity values of the corrupted pixels are replaced by 
zero (0) to overcome the high intensities may be the cause of 
blurring effects.

A. De-noising

STEP–1: Division of Image
The image is first divided into four segments across the middle 
which are left-upper, right-upper, left-lower and right lower 
respectively.

Step 1.1: left-upper i.e. (1,1) to (M/2 , N/2) or (M/2 , (N+1)/2) • 
or ((M+1)/2 , N/2) or ((M+1)/2 , (N+1)/2) respectively  
whether M or N is even or odd.
Step 1.2: right-upper i.e. (1,N/2) or (1 , (N+1)/2) to (M/2 , • 
N) or ((M+1)/2 , N) respectively whether M or N is even 
or odd.
Step 1.3:  left-lower i.e. (M/2,1) or ((M+1)/2 , 1) to (M , N/2) or • 
(M,(N+1)/2) respectively whether M or N is even or odd.
Step1.4: right-lower i.e. (M/2,N/2) or (M/2 , (N+1)/2) or • 
((M+1)/2 , N/2) or ((M+1)/2,(N+1)/2) to (M,N) respectively 
whether M or N is even or odd.
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Fig. 1

Here we consider the M & N both are even. Therefore
1st part, left-upper (1,1) to (M/2,N/2)
2nd part, right-upper (1,N/2) to (M/2,N)
3rd part, left-lower (M/2,1) to (M,N/2)
4th part, right-lower (M/2,N/2) to (M,N)

STEP–2: Removal of Noise from Each Part
Step 2.1: Removal of left-upper: If Xi,j is a corrupted pixel then 
create a 3x3 matrix taking (i,j) as the top left corner.

 Replace Xi, j =  

















∑∑
+

=

+

=

n

x
i

ik

j

jr
rk

2 2

,

Where n is the number of uncorrupted pixels in the matrix. Repeat 
the process for (i,j) starting from (1,1) to (M/2,N/2)
Step 2.2: Removal of right-upper: Similar operation like 2.1 
for (i,j) from (1,N/2) to (M/2,N) is done but 3x3 matrix will be 
created taking (i,j) as a top right corner.

 Replace Xi,j=  
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Where n is the number of uncorrupted pixels in the matrix.
Step 2.3: Removal of left-lower:  Similar operation like 2.1 
for (i,j) from (M/2,1) to (M,N/2) is done but 3x3 matrix will be 
created taking (i,j) as a left lower corner.

 Replace Xi,j= 
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Where n is the number of uncorrupted pixels in the matrix.

Step 2.4: Removal of right-lower: Similar operation like 2.1 
for (i,j) from (M/2,N/2) to (M,N)  is done but 3x3 matrix will be 
created taking (i,j) as a right lower corner.

 Replace Xi,j=  
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Where n is the number of uncorrupted pixels in the matrix. Step 
2.5: Repeat process: Repeat the above steps 2.1, 2.2, 2.3, 2.4 
according the percentage of noise in the  image which is shown in the  
following Table 1.

Table 1
Noise Level up to % No of  iterations

40 3
50 4
60 6
70 8
80 9
90 10

Completing all stages 2.1, 2.2, 2.3, 2.4, 2.5 the image X1 is 
generated.

STEP–3 : Neighborhood operation:
Step 3.1: Taking a pixel (i,j) where i=2,3…...,  M-1 and j=2,3,……., 
N-1 from the image X1, create (3×3) matrix taking (i, j) as  middle 
one.
Step 3.2: Replace as

Xi,j =  
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Step 3.3: Repeat steps 3.1 and 3.2 for (i,j) starting from (2,2) up 
to (M-1,N-1) till the final output image X2(M×N) is generated.

IV. Results and Discussion 
The developed algorithm in the last section is tested in MATLAB 
7.12 (R2011a) environment on a standard PC equipped with 2.8-
GHz CPU, 2 GB RAM and other typical associated requirements. 
The performances of the proposed algorithm are tested for different 
popular gray scale images (like Lena, Bridge, Barbara, Pepper, 
Baboon and Boat etc explored across all references) usually 
considered while undertaken some standard image processing 
assignments where noise density ranges from 40% to 90%. It was 
revealed that the computational complexity and time complexity 
of the proposed algorithm were within acceptable limit.
The qualitative performances (by visual comparison) of the 
proposed method are tested step-wise and the results are shown 
in fig. 2.

Fig. 2: Result of Different Steps of Proposed Algorithm (a) Original 
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Lena Image (b) 70% noise corrupted image (c) Output of Step 2.1 
(left-upper removal) (d) Output of Step 2.2 ( right-upper removal) 
(e) Output of Step 2.3 (left-lower removal) (f) Output of Step 2.4 
(right-lower removal) (g) Output of Step 2.5 (repeated process) 
(h) Output of Step 3 (i.e. final output).

Quantitative performances of the proposed de-noising technique 
are measured by Mean Square Error (MSE), Peak Signal-to-Noise 
Ratio (PSNR) and Image Enhancement Factor (IEF)as defined in 
eq. (1), (2) and (3) respectively.

MSE = 
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where MSE is the mean square error between original image (I) 
and de noised image ( I

∧

). M and N are the number of rows and 
columns in the input image, respectively.

                        (2)

  (3)

where ( ),n i j  and ( ),Y i j  are the original and degraded intensity 

components, respectively and 
^
( , )Y i j  is the corresponding restored 

intensity field.

Table 2: MSE for Filters for Lena Image at Different Noise 
Densities

Noise 
%

Mean Square Error (MSE)

MF PSMF DBA MDBUTMF PROPOSED

40         822.30 206.84 91.63 61.10 50.68

50 1925.19 582.64 130.04 98.64 64.71

60 3774.38 3860.23 189.26 143.57 87.71

70 6545.43 6577.23 338.90 251.23 124.07

80 9902.36 10088.96 511.77 436.59 188.52

90 13962.06 14068.25 1004.81 893.47 363.67

Fig. 3: MSE vs Noise Density for Lena Image Ranges from 40% 
- 90%.

Table 2 presents the MSE of the proposed methods together with 
others considered traditional methods at varying noise density 

levels ranging 40%-90% for the Lena image. The quantitative 
values indicate that the proposed method produced much less 
error than that of the other methods at middle level noise densities. 
Fig. 3 presents the graphical representation of these data for better 
understanding. It is observed that the performance of MF and 
PSMF are not at all acceptable because of which we motivated 
to introduce this new de-noising technique. On the other hand, 
proposed method performs satisfactorily, as expected, at all noise 
density levels considered.

TABLE III
PSNR Values of Different Filters for Lena Image at Different 
Noise   Densities

Noise 
%

PSNR in dB

MF AMF PSMF DBA MDBA MDBUTMF PROPOSED

40 18.98 24.40 24.02 28.01 29.02 30.27 31.08

50 15.40 23.40 19.1 26.4 26.5 28.18 30.02

60 11.10 21.00 12.1 24.8 24.4 26.40 28.73

70 9.93 15.30 9.84 22.6 22.5 24.30 27.20

80 8.70 10.30 8.10 20.3 20.4 21.70 25.37
90 6.60 7.93 6.57 17.1 17.6 18.40 22.52

Fig. 4: PSNR vs Noise Density for Lena Image Ranges from 
40% - 90%.

Table 3 presents the PSNR values of the proposed algorithm along 
with other existing techniques for comparison with respect to the 
same Lena image. Fig. 4 presents the graphical representation of 
the PSNR values for the same but for visual representation and easy 
comparison. It is observed that the performance of the proposed 
method is comparable with that of other existing methods. It is 
found interesting to note that the proposed method outperform 
over existing methods particularly when noise level is in middle 
portion  numerically ranging 40%-90%, almost uniformly. Our 
test process was confined to that range because other considered 
methods were not performing well beyond the noise level of 50% 
according to the references given in section II. Moreover, the 
primary intention of this present investigation was to develop a 
method which will function specially at middle level noise density 
, found successful.
The scope of the present work is also extended to verify the 
performance of the developed method using IEF measure with 
respect to varying noise density levels. The results of these 
investigations are presented below in Table IV where the proposed 
method’s results are compared with the other considered filters.     
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Table 4: IEF Values of Different Filters for Lena Image at Different 
Noise Densities

       
Noise 

%

IEF

MF AMF PSMF DBA MDBA MDBUTMF PROPOSED

40 23.12 40.98 143.5 268.49 275.24 424.18 290.31

50 11.72 36.11 62.98 208.77 217.18 345.13 281.94

60 6.73 25.21 6.61 190.70 175.89 261.66 252.57

70 3.31 7.89 3.28 128.58 129.65 171.69 206.70

80 2.00   2.91 1.98 67.42 73.24 101.72 155.28

90 1.37 1.31 1.37   33.85   33.33 34.23 90.54

Fig. 5: IEF vs Noise Density for Lena Image Ranges from 40% 
-90%.

The result of IEF at different high noise densities suggest that 
the proposed method clearly shows better result than the other 
traditional filters. Fig.5 presents the graphical representation of 
the IEF values for the same. The graph clearly shows that at the 
noise densities like 40%-80% IEF values of the proposed method 
is better than the traditional filters. It satisfies the actual intension 
of the proposed technique to produce better result at high noise 
densities.
It should also be noted that the performance of the proposed filter 
found almost similar and comparable to that reported above for 
other broadly used images, namely, Bridge, Barbara, Pepper, 
Baboon and Boat etc. Hence these results are not repeatedly 
presented.

V. Conclusion
A new iterative method for salt and pepper noise removal has 
been explored in this paper. Qualitative checking of each step 
of the algorithm shows that gradually it has removed the noise 
from each of the four segments after the specified number of 
iterations as mentioned in section III. Quantitative performance 
comparisons using PSNR, MSE and IEF with the existing 
contemporary methods show that the proposed method performs 
much better than the median based methods as well as decision 
based methods. The proposed method is exceptionally successful 
in moderate densities ranging 40%-80%, where the traditional 
decision based filters were inefficient as evident from the MSE 
values. This method can produce better results for other types of 
noise removal which is left for further study.
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