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ABSTRACT 
The Objective of this study is to find a better method to remove Salt and Pepper noise from digital image. A new 
algorithm named Decision Based Adaptive Gradient Mean (DBAGM)is proposed in this study. It detects the salt and 
pepper noise from DN numbers of each pixel, calculates mean using noise free neighbour pixels and replace the DN 
number of the affected pixel. Based on performance evaluation using Peak Signal to Noise Ratio (PSNR) and Root 
Mean Square Error, the proposed method outperformsgeneral mean and median filter in Salt and Pepper noise 
removal. DBAGM algorithm is giving extraordinary performance even when the noise density is 70%. The 
important feature of DBAGM algorithm is that it doesn't account the noisy pixels while taking mean. 
Keywords: Salt and pepper noise, Peak Signal to Noise Ratio (PSNR),Root Mean Square Error (RMSE), Decision 
Based Adaptive Gradient Mean (DBAGM) and Digital Number (DN). 

1. INTRODUCTION 

1.1 Image 
An image is a two-dimensional array of pixels which generally represents the appearance of an object. It includes 
photos, finger prints, etc.  Some special images like MRI, X-Ray etc. in medical field and X-ray in industries are used 
to find the distribution of some selected matter in interested location. 

1.1.1 Analog and Digital image 

The photo-chemical process was used to generate an image on paper in 19th century and the beginning of 20th century. 
In this process, images were acquired by the optical system of camera and registered on a film which was light-
sensitive silver halide emulsion coated on a flexible base. Translucent type of image generated in this method was 
generally known as negative, and the image of negative was projected on sensitized paper to get a positive Image. 
Chemical bath of the film and sensitized paper was generally done in dark rooms in order to avoid unnecessary light 
reaching the sensitized emulsions.  Due to the chemical processing this process is time consuming and tedious. Minute 
image correction and enhancement are not possible. 

 The opto-electrical property of semi-conductor detectoris utilized to produce digital image instantly without chemical 
process. Charge Coupled Devices (CCD) or Active Pixel Arrays (APA) is used in digital camera to produce digital 
image that can be further processed by the software. There are two types of detectors namely, linear array detectors and 
area array detectors.  In linear array detector hundreds of pixels are arranged in a line and the image is acquired by the 
movement of detector or the object.  In the case of area array detector, pixels are arranged in two dimensional and the 
full image of the object is collected instantly. These pixels generate electrons proportional to the number of collected 
photons and associated circuits generates binary numbers proportional to the generated electrons.  In the digital image, 
each pixel associated with a Binary number generally called as Digital Numbers (DN) which represents the brightness 
of the image at that pixels. 

1.1.2 Advantage of Digital image 

 The digital image generators like camera, X-Ray, MRI etc. provide images in digital form instantly. As the digital 
images are stored in binary form, computers can process the image easily. Images are captured in binary format and 
that can be stored in any memory device. Digital images can be transferred from one computer to another without the 
loss of picture quality. Same memory device can be used many times for storing images. Multiple copies of the acquired 
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image can be prepared without loss of pixel intensity.  The digital images can be transmitted to one place to another by 
means of electronic communication easily and in near real-time.  

1.1.3 Digital Image processing 

Image processing includes the changing of DN values of pixels, generating new pixels, increasing/ reducing the size of 
the image, reducing redundancy to reduce the size of the image file, extracting various information from the image. 
Image processing methods can be classified into two major categories as pre-processing and post-processing.  The pre-
processing activities cover noise removal (radiometric correction) and geometric correction etc. and they are usually 
done with imaging system or by the image supplier before handing over the image to the user.  The radiometric 
correction includes the removal of noise generated due to the defects of the optical systems, detector and associated 
electronics. The geometric correction includes the removal of the defects due to the distortion/aberrations of the optics, 
detectors mounting error w.r.t the optics, camera view angle during the image acquisition. The post processing methods 
like edge detection, feature extraction, area estimation, distance estimation between two features etc. vary with respect 
to the final application. 

1.2 Various types of noise in image  

 This section explains types, nature, causes and removal methods of various noises. 
 Salt and Pepper noise 
 Periodic noise 
 Shot noise 
 Gaussian noise 
 Quantization noise 
 Anisotropic noise 

1.2.1 Salt and Pepper noise 

 Salt-and-Pepper noise [1]-[3] is impulsive noise. An image containing salt-and-pepper noise will have dark pixels in 
bright regions and bright pixels in dark regions. This type of noise can be caused by analog-to-digital converter errors, 
latch and read timing error, transmission errors, etc.  The salt and pepper noise are generally eliminated by mean filter 
[4], [5], median filter [3], [6]. 

 
1.2.2 Periodic Noise 

A repeating pattern of DN numbers or number variation are classified into this type of noise. Common source of 
periodic noise in an image is from electrical or electromechanical interference during the image capturing 
process.Significant reduction of this noise can be achieved by applying notch filters in the frequency domain. 

1.2.3 Shot noise 
This type of image is more dominant in darker part of image.That is caused by statistical quantum fluctuations, that is, 
variation in the number of photons sensed at a given exposure level.Shot noise can be reduced by M-transform, it can 
also be reduced by the influence of space charge. 

1.2.4 Gaussian noise  

Main source of Gaussian noise is due to poor illumination, optics aberration and effect of high temperature on 
electronics. Gaussian noise [7] can be reduced by Interpolation of the Binary Mask Residual; it can be also reduced by a 
modified fuzzy filter. 

1.2.5 Quantization Noise  

This type of noise is generally caused due to conversion of continuous signal into discrete one. Quantization noise can 
be reduced by adaptive [8] filter, it can also be reduced by using multiphase PLLs. 

1.2.6 Anisotropic Noise 

Some of the columns and rows of the image are generally affected by anisotropic noise. In all the frames a particular 
row and column are affected by this noise.  This may be due to the defect in a particular detector pixel in the Linear 
Array, periodic error in the read clock etc.  

1.3Organization of paper 

This paper is organized as follows. A short detail of impulse noise i.e. Salt and Pepper noise[1]-[3] is presented in 
section 2. Mean and Median filter[3], [6]are given in section 3. Adaptive Gradient and Mean Based Salt and Pepper 
Noise removal is discussed in section 4. Experimental results are shown in section 5. Finally, conclusions are drawn in 
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Figure 2 Salt and Pepper Noise 

section 6. For explanation of DBAGM method eight bits image is considered. This method is also applicable for the 
image which is having the higher number of bits. 

2. CHARACTERISTICS OF SALT AND PEPPER NOISE NATURE AND REMOVAL 

Here, Salt and Pepper noise and its removal method is focused more. And the eight bits images of Lena and Steve Jobs 
are taken the for the removal of noise. Digital images are generally corrupted by the impulse noise [2], [3] (Salt and 
Pepper noise)[1]-[3]. This is due the error in the analog to digital convertor. Mean and Median filter[3], [6] are the 
famous filters for the removal of impulse noise [2] – [3].  

Mean filter is ineffective when the noise density is high and it also leads to the 
blurring of image on the other hand median filter gives better results than the mean 
filter[4], [5] but it also fails at higher noise density. In Mean and Median filters, 
zero padding is done and the impulse noise [2] – [3] lying in the nearby region of 
zero padding is very difficult to be removed by these filters. Most the DN number of 
pixels in an image after being filtered by the Median and Mean filter[4], [5] are 
changed, this makes the picture blur.  Mean and Median filter[3], [6] are not a 
decision-based filter, these filters will do filtering even if noise is not there in the 
picture. For overcoming the above drawback, Adaptive Gradient and Mean Based 
Algorithm is proposed. In this method it selects the noisy pixels and then processes 
the image. In the proposed method, even with the higher noise density RMSE[7]is 
very less and PSNR [9] is higher than that of mean and median filters[3], [6]. 

2.1 Salt noise 

The white pixels which are present in the figure 1, represents salt noise. The image shown here is eight bits image and 
the digital number of the salt noise in this case is 255. This is named as salt noise because the noisy pixel is looking 
like salt. 

2.1.1Causes of Salt noise 

 The salt noise is increase in DN values by 2n where n is integer.  This may happen due 
to the latch and read time error or due to a bit error.The bit error at MSB affects the 
image severely. From the figure 2, we can easily see that the correct value must be 127 
but due to the bit error occurred at MSB, we are getting 255, that is the unexpected 
value and that pixel will appear as completely white and that is known as salt noise. 

2.2 Pepper noise 

The black pixels which are present in the figure 1, represents pepper noise. Whatever be the bit size of the image the 
digital number of the image is always zero. This is named as pepper noise because the noisy pixel is looking like 
pepper. 

2.2.1 Causes of Pepper noise 

Salt and Pepper noise is generally caused by the error in Analog to Digital converter and 
data transmission system. From the figure we can easily see that the correct value must 
be 128 but due to error in one of bit we are getting 0, that is the error value and that 
pixel will appear as completely black and that is known as the pepper noise. 
 
3. Mean and Median Filter 

3.1 Mean Filter  

Mean filter is generally used for smoothing the image and it will remove the impulse noise [2] – [3] i.e. Salt and Pepper 
Noise[1]-[3]. Mean Filter[4], [5] used to give good results when the noise density is very low but when the noise density 
increases it will not give the good results. It is generally a sliding-window spatial filter that replaces the central value of 
the square window [6] with the mean of all pixels values and the great disadvantage of this method is that it will make 
the picture blur. Pixels value which are lying on the edges are generally reduced due to the zero padding and the other 
great disadvantage of this filter is that it takes the mean even if the image is noise free. While taking mean of the pixels 
lying in the window it will also consider the noisy pixels i.e. 0 or 255, if the window is lying in the region where the 
pixels value lies in the range of 50 and within that window [6] any noisy pixel is there having the pixel value 255 then 
the mean will definitely make the picture brighter than required. In the proposed method, if any pixel is noisy like 0 or 

Figure 3Cause of Pepper Noise 

Figure 2 Cause of Salt Noise 
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255 then that pixel will be not considered to calculate mean. As this proposed algorithm only removes the noisy pixels 
and keep the other pixels as it is, picture does not become blur. Pixels value which are lying on the edges are not 
affected by zero padding and the noise which are lying on the edges are easily removed.  

3.1.1. Working of Mean Filter 

In this filter a window of (N x N) is taken and the central pixel of the window is replaced by the value which is 
obtained by the equation 1.   
 

         (1) 
 

Where,           f (i, j) – represents the pixel value 
     N – represent the number of rows of the window 
 
and again, the window slides forward and the same process repeats. In Mean filter[4], [5] square window is used. 
Among them 3*3 window is generally preferred as the DN values variation among neighboring pixels are less.  Larger 
size windows will have much variation among the DN values and will take more time for processing. We should not 
take (n*n) window where n is even because in this case we are not able to get the central pixel for processing. We can 
take rectangular window (n*m) but n and m must be odd number and we can get the central pixel of the window. 

Generally, zero padding is done at the edges of the matrix for maintaining the symmetry of the window [6]. For 
explanation of working of Mean filter[4], [5] a small section of matrix from the image of Lena is taken in the figure 4. 
But this zero padding reduces the edge pixel value of the image drastically as shown in figure 4. The 3 x 3 window 
corner pixels will have 5 zero pixels and other edge pixels will have 3 zero pixels, this will reduce the resultant value 
drastically. In the figure 4, the red box contains five zero pixels and the average of the 9 pixels is 61 and the blue box 
contains three zero pixels which leads to 91. The figure 4 shows that the pixel value lying in the edges are decreased 
and that is due to the zero padding. Additionally, it can be seen that most of inside pixels value are also changed and 
this leads to the blurring of the image. 
 

 
  Input Output 

Figure 4 Input and output of mean filter 

3.2 Median Filter 

This is one of the famous filters for the removal of Salt and Pepper Noise[1]-[3]. This is a nonlinear digital filter used 
for smoothing the image. It gives better result than the Mean Filter [4], [5] in higher noise density.  

3.2.1 Working of Median Filter  

Similar to the Mean filter[4], [5] a window of N*N window is taken where N must be odd integer so that in the window 
we can use the central position of the window for scanning the pixel. The window size of 3*3 is generally preferred as 
larger window need more computations. The working of the Median filter[3], [6] can be explained well by the matrix 
shown in figure 5. Before processing, zero padding is done and then a window of 3*3 is taken and the pixel values in 
the window [6] are sorted.  The fifth element of sorted list is called median value.  For example, the sorted values of the 
red window are 0, 0, 0, 0, 0, 135, 136, 137, 137 and the median is 0.  The median value will be placed in the new 
image.The same process is repeated for the entire image. 
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 Input Output 

Figure 5 Input and Output of median filter 

3.2.2 Effect of Median filter 

The great advantage of this method is that it is using sorting technique and most of the noise will lies on the extremes 
and the median value of the sorted pixels are generally noise free when the noise density is low and that median value 
will be used in the rectified image which is noise free. But the major disadvantage of this method is that most of the 
pixels value of the image got changed due to sorting and this affect the image and finally it leads to blur the image. The 
image filtered by this method will always has zero at corners as the window at corner has five zero pixels. From the 
study it was seen that the image gets corrected when the noise density is below 20%.  If the image has more than 20% 
noise density, the output image is not noise free.  As percentage of noise increases, the probability of having more than 
four pixels with DN values of 255 or 0 in the 3 x 3 window increases. As there is already three zeros present in the 
edge windows due to zero padding, the probability of having more than 4 zero pixels is high. This leads to pepper noise 
in the rectified image. 

 
Figure 6 Images filtered by the Mean and Median Filter 

3.3 Filtered Image  

The images rectified by the Mean and Median filter[3], [6] are shown in figure 6. From the figure, we can see that the 
output of Median filter has lesser noise than that of Mean filter. 

4. DECISION BASED ADAPTIVE GRADIENT MEAN (DBAGM) 

The proposed method has great advantage over Mean and Median filters[3], [6]. Unlike, Mean and Median filters, this 
method processes only noise pixels (DN values 0 or 255) and the blurring the image is avoided.  In this method 24 
neighbour pixels are considered for mean and the extra feature added in this method is that if any noise is present in 
the neighbour then that neighbour pixel will be not used in the mean calculation which will replaced the noise. 
Generally, in the Mean filter having 3*3 window, even if 0 or 255 lies in the window it will take the summation of the 
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noisy pixels and their summation is divided by nine and due to inclusion of 0 or 255 in the mean calculation there is 
adverse effect in the quality of the image but DBAGM filter is a decision-based filter. In this filter 24 neighbour pixels 
are considered and out of those 24 neighbour, five pixels contain noisy value like 0 or 255 then those five pixels will 
not be considered in the mean calculation in that case, the summation of the noise free 19 pixels will be divided by 19 
and that mean value willreplace the central noisy pixel. Due to the variation in mean calculation DBAGM gives very 
fine results. The only thing is that, in DBAGM filter extra six rows and six columns are used as zero padding. On the 
other hand, Mean and Median filters are using only two rows and two columns for zero padding. Unlike, Mean and 
Median filter DBAGM filter will not keep the mean and median value in the new matrix, it will simply replace the 
noisy pixel by the mean value in the existing matrix and each time as the pixel move forward, more fine results will be 
available in the matrix while Mean and Median filter used to put their processed value in the new matrix, and again the 
noisy pixels will be used in the calculation. Processing of the image which is done by Mean and Median filter 
generally, takes higher time than that of DBAGM as in Mean filter[4], [5], it will take the mean for all the pixels and 
Median Filter will do the scanning and shorting for all the pixels. On the other hand,DBAGM will simply scan the 
image and if it will find the noisy pixel then only computation will be done and the noisy pixel will be replaced by the 
corrected value,in this way it is also a time saving method.DBAGM algorithm has not any adverse effect of zero 
padding. DBAGM algorithm is the robust method for the removal of the noise present in edges where Mean and 
Median filters[3], [6] generally fail. 

Working ofDecision Based Adaptive Gradient Mean (DBAGM) 
Following are the steps of DBAGM algorithm  
a) Select the noisy pixel from the image 
b) Take the 24 neighbour pixels 
c) Out of those neighbour pixels, noisy pixels should not be considered in the mean calculation. 
d) Summation of those neighbour pixels are taken which are non – noisy and that is divided by number of non 

– noisy pixels. 
e) Noisy pixel value is replaced by the mean.  
f) The same process is repeated till entire pixels are scanned. 

 

Figure 7 Flow chart of DBAGM filter 
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The working of the Decision Based Adaptive Gradient Mean (DBAGM) algorithm can be easily explained by the 
matrix shown in figure 8. A small section of the matrix from the image of Lena is taken for the explanation of 
algorithm of DBAGM filter. Noisy pixel like 255 or 0 is selectedas shown in the figure 8. And the summation of 24 
pixels surrounding the noisy pixel are calculated and out of those 24 pixels, 0 or 255 is not considered. The sum is 
divided by total number of noise free pixels. From the figure 8, 24 neighbour pixels surrounding the noisy pixel is 
scanned, out of those 24 neighbour pixels only nine pixels are noise free, summation of those nine pixels are taken. In 
this case, it is giving 1226 and after dividing this value by nine, it gives 137 and that value will replace the noisy pixel 
and the resultant value 137 is approximately equal to the intensity of the neighboring pixels, due to this reason the 
sharpness of image is maintained in DBAGM algorithm. Similarly, all the noisy pixels are processed in this way. 

 

 
 Input Output 

Figure 8 Input and Output of DBAGM algorithm 

5. EXPERIMENTAL RESULTS 

 Images with various level of noise were subjected to correction using mean, median and Decision Based Adaptive 
Gradient Mean filters[4], [5]. The original and noise corrected images are presented in the figure 9.    
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Figure 9 Image filtered by different filters 

Figure 9 shows that Decision Based Adaptive Gradient Mean (DBAGM) algorithm outperforms the existing Mean 
and Median filter.  The median filter performs better than the mean filter when noise density is low. When the image is 
affected by higher noise density of Salt and Pepper noise[1] - [3] then mean filter produces blur images and the median 
filter produces image with salt and pepper noise.   Even in the 10% noise density, Mean filter[4], [5] is not able to give 
clear image. Image filtered by Median filter[3], [6] also start deteriorating when the noise density is over 30%. But the 
Decision Based Adaptive Gradient Mean (DBAGM) method is providing fine result even when the noise density is 
70%.  

5.1 Performance Comparison of filters using RMSE and PSNR 

Generally, the efficiency of noise correction methods is studied using statistical methods. In this study the performance 
of the filters is studied using Root Mean Square Error (RMSE)[7] and Peak Signal to Noise Ratio (PSNR) [9]. These 
methods use the DN values of original and output images for the study.  The formulas to calculate the RMSE and 
PSNR are given below. 

http://www.ijaiem.org
mailto:editor@ijaiem.org


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 7, Issue 6, June 2018              ISSN 2319 - 4847 
 

Volume 7, Issue 6, June 2018                                                                                                                         Page  149 

RMSE =                                           PSNR = 20log10  

RMSE - Root Mean Square Error                             PSNR – Peak Signal to Noise Ratio 
f(i,g) – Original ( noise free) image pixel value 
g(i,j) -  Modified pixel value  
m – Total number of rows 
n – Total number of columns       

The original image was distorted with different levels of noise and used as input to the filters. Obtained results for 
various  
noise densities are compared and presented in Table.1 

 
Table.1 Comparison of RMSE and PSNR 

 

From the above table we can see that the Root Mean Square Error (RMSE) is very low in the Decision Based Adaptive 
Gradient Mean (DBAGM)and Peak Signal to Noise Ratio (PSNR) is very high in this method. The main features of a 
filter are that it must have lower RMSE and higher PSNR and all those features are satisfied by DBAGM filter. 
RMSE[7] of the DBAGM filter is 0.3390 and PSNR [9] is 57.5258 which is best among all the filters even when the 
noise density is 70%, it is giving the best result among all filters. 

Noise Density Filter RMSE PSNR (dB) 

10% 

Noisy Image 0.4947 54.2443 
Mean Filter 1.1614 46.8314 

Median Filter 0.8738 49.3027 
DBAGM Filter 0.3390 57.5258 

20% 

Noisy Image 0.6984 51,2491 
Mean Filter 1.2474 46.2108 

Median Filter 0.9084 48.9651 
DBAGM Filter 0.4791 54.5218 

30% 

Noisy Image 0.8556 49.4854 
Mean Filter 1.2930 45.8992 

Median Filter 0.9456 48.6165 
DBAGM Filter 0.5896 52.7203 

40% 

Noisy Image 0.9920 48.2005 
Mean Filter 1.3258 45.6809 

Median Filter 0.9920 48.1999 
DBAGM Filter 0.6865 51.3968 

50% 

Noisy Image 1.1077 47.2421 
Mean Filter 1.3493 45.5281 

Median Filter 1.0519 47.6910 
DBAGM Filter 0.7713 50.3862 

60% 

Noisy Image 1.2118 46.4617 
Mean Filter 1.3696 45.3986 

Median Filter 1.1310 47.0610 
DBAGM Filter 0.8513 49.5284 

70% 

Noisy Image 1.3082 45.7972 
Mean Filter 1.3874 45.2866 

Median Filter 1.2267 46.3557 
DBAGM Filter 0.9304 48.7568 
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Figure 10Comparison of quality of Median and DBAGM filter 

The figure 10 shows the noisy and corrected pictures of Steve Jobs.  Sharpness of image obtained using the Decision 
Based Adaptive Gradient Mean (DBAGM) method is much higher than that of Median filter. Finer details can be 
easily seen in the image processed by proposed method.  The visual and statistical methods show that the DBAGM 
outperform the Mean and Median filter in every aspects. Processing time for the proposed method is also very low as it 
processes only when noise is present. On the other hand,Mean and Median filters[3], [6] process each and every pixel.  

 
Figure 11Graph of RMSE and PSNR versus Noise density 

From the graph, it can be shown that RMSE [7] of DBAGM filter is always lesser than that of the other filters 
although, it is increasing with the increment of noise density but it is still lesser than the other filters.  

PSNR of the DBAGM filter is higher than the PSNR of the other filters although it is decreasing with the increase of 
noise density but it is still much higher than the other filter. 

 From the graph it can be observed that the RMSE[7] of the median filter[3], [6] output is higher than that of noisy 
input image up to 40% noise and lesser for the input images with beyond 40% noise. Similar trend is seen in PSNR 
values also. 

6. CONCLUSION 

By seeing the experimental results i.e. Root Mean Square Error (RMSE), Peak Signal to Noise Ratio (PSNR), 
resolution and the image filtration with having different noise density, we can say that the Decision Based Adaptive 
Gradient Mean (DBAGM)method has great advantage over Median and Mean Filter. 
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