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Abstract: In this paper, we will introduce a new method capable to remove or reduce salt and pepper noise (OPCLOSE 

method). The first phase of the method is to remove salt noise points by applying morphological image opening, while the 

next phase will remove the pepper noise points by applying morphological image closing. A comparative experimental 

analysis will be performed for various method of salt and pepper noise removal. 

The existing methods of salt and pepper noise removal such as based on pixel density filter method (BPDF), average 

filtering, median filtering, and other method. 

Salt and pepper noise removal method will be tested using   noisy gray and color images, PSNR and MSE will be 

calculated in order to do some recommendation based on the on the calculated quality factors 

Keywords: Salt and pepper noise, noise removal, opening, closing, PSNR, MSE, correlation coefficient. 
 

1. Introduction 
 

1- Introduction 

Digital gray image [1] is a 2D matrix with values range from 0 to 255, while the color image is a 3D matrix to represent the 

red, green and blue colors as shown in figure 1[2], [3], [4]. 

 
Figure 1: Color image components 
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The quality of gray image or color image deteriorates from a moment it was captured to a moment it was seen by the human 

eyes [5].  Digital image is subject to many kinds of distortion during any phase of the image processing, the distortion may 

be occur as a result of affecting the image by a noise such as salt and pepper noise which can affect gray image or affect one 

or more components of the color image [5], [6].  Salt and Pepper noise is generally caused by a defected of camera sensor, 

software, or hardware failure in image capturing or transmission. Due to this situation, Salt & Pepper noise model, only a 
proportion of all the image pixel s are corrupted whereas other pixels are non-noisy [7], [12]. A standard Salt & Pepper noise 
value may be either minimum (0) or maximum (255). The typical intensity value for pepper noise is close to 0 and for salt 
noise is close to 255. Furthermore, the unaffected pixels remain unchanged. Figures 1 shows an example of gray and color 
images affected by salt and pepper noise. 

Gray image Noisy gray image

Color image Noisy color image

 
Figure 2: Example of affected images 

 
Many methods and techniques are now widely used to remove or reduce salt and pepper noise and here we will introduce 
some of them. 
1-1 Median filter 
Median filter is a nonlinear filter widely used to remove salt and pepper noise [8], [9], it uses a kernel usually 3 by 3 and it 
treat the noise by manipulating each pixel by sorting the values of the neighbors covered by the kernel and setting the pixel 
value to a new one which is located in the middle of the sorted neighbors values (median) as shown in figure 3. 
 

 
Figure 3: Median filtering 

 

1-2 Average filter 

The average filter uses a mask and noise reduction can be done by applying convolution between the mask and the noisy 

image [11] as shown in figure 4: 

 

 
Figure 4: Average filtering 
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1-3 Gaussian filter 

Gaussian filter is used to smooth the image by applying convolution between the noisy image and a mask giving by formula 

(1): 

 
Where sigma is a positive standard deviation and n1 and n2 are the mask dimensions [12], [15]. 

1-4 Laplacian filter 

This filter used a mask calculated by using the gradient of the second order partial derivative as shown in formula (2), 

applying convolution of this mask with the noisy image we can smooth the noisy image 

 
The parameter alpha is used to control the shape of the Laplacian filter and must be in the range 0.0 to 1.0 

[13], [15]. 
1-5 LoG (Laplacian of Gaussian) filter 

Log is a rotationally symmetric Laplacian of Gaussian filter and it uses a mask calculated by formula (3) to smooth the noisy 

image: 

 
1-6 BPDF method 

A based on pixel density filter (BPDF) was proposed in [16], this filter can be implemented in 2 phases. The first phase of 

the BPDF is to determine whether or not a pixel is noisy, and the second phase to decide on an adaptive window size that 

accepts the noisy pixel as the center.  

1-7  Quality parameters 

Here in this paper we will use mean square error (MSE) and peak signal to noise ratio (PSNR) [6], [15] to measure the 

quality after removing salt and pepper noise, this can be done using original un noisy image and denoised image. 

MSE can be calvulated using formula (4), while formula (5) used to calculate PSNR: 

 

 

 
The higher the PSNR value is the higher quality of noise removal; while the lower the MSE value is the higher of the noise 

removal. 
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2. Experimental Results of Existing Methods 
A gray image was affected by salt and pepper noise with using various noise densities (number of affected  pixels in the 

image), table (1) shows the implemntation results by applying average filtering 

 

 

Table (1) : Results for average filter 

Image size=291x240=69840 pixels, Mask 3 by 3 

 
 

Table (2) shows the results for median filter, while table (3) shows the results for BPDF method: 

 

Table (2): Results for median filter 

Image size=291x240=69840 pixels, Mask 3 by 3 

 
                                             

Table (3): BPDF method results 

 
 

The other methods were excluded from the analysis because of bad obtained experimental results as shown in table (4): 
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Table (4): Other methods results 

 
 

3. The Proposed Method 
The proposed here OPCLOSED method can be implemented applying the fo;;owing steps: 

- Select a structuring element with size 2 by 2[17]. 

- Apply morphological opening operation to remove the salt noise. 

- Apply morphological closing operation to remove the pepper noise. 

This method was implemented using the same image, figures (5) and (6) show the results of noise removing using defernt 

noise dencities.  

The same image with size =291x240=69840 pixels was affected by salt and pepper noise with various values of noise 

density, the proposed method was implemented using 3 b 3 and 2 by 2 structuring elements and as shown in tables (5) and 

(6) we can recommend using a 2 by 2 structuring element to increase the quality of the proposed method. 
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Figure (5): Example 1 of using OPCLOSE method  
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Figure (6): Example 2 of using OPCLOSE method  
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Table (5): Results using structuring element 3 by 3 

 
 

Table (6): Results using structuring element 2 by 2 

 
 

Figure (7) shows a comparison between the proposed method and BPDF and median filter methods: 

 

 

 
Figure (7): Results comparison 

 

From figure (7) we can see that BPDF method gave the best results for salt and pepper noise removal, and the proposed 

method has a medium capability which falls between BPDF and median filter method. 

 

 

1- Using OPENCLOSE method to remove salt and pepper noise from color image 

The proposed OPENCLOSE method was applied using affected with salt and pepper noise color image, the noisy red, green 

and blue components were treated using OPCLOSE method to remove the noise, then after that the de-noised colors were 

used to form the de-noised color image, figure (8) shows an example of color image de-noising: 
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Figure (8): Example of de-noising color image 

 

The affected color image was treated by OPCLOSE and BPDF method using various values of noise density, table (7) shows 

the obtained experimental results: 

Table (7): Color image de-noising results 

 
 

From table (7) we can see that the quality parameters of OPENCLOSE method are better than those for BPDF method (see 

figure 9), and here we can recommend OPENCLOSE method for salt and pepper noise removal in color images. 
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Figure (9): OPENCLOSE and BPDF comparisons 

4. Conclusion 
The proposed OPENCLOSE method was tested and implemented, a comparative experimental analysis was done, the 

obtained experimental results showed the following facts: 

- The best method for salt and pepper noise removal in gray image is BPDF. 

- The quality of noise reduction for OPENCLOSE method using gray image it better than median filter but lower than 

BPDF quality. 

- For removing salt and pepper noise from color image, the best method to use is OPENCLOSE method because it 

gave the highest PSNR values and the lowest MSE values. 
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