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Abstract— Removing Salt & Pepper noise and Gaussian 

noise in digital images is one of the major challenges in image 

processing. For noise removal we are using different types of 

filters such as Mean, Median and proposed filter. It also 

highlights the comparable results between Mean, Median and 

proposed modified filter. The performance of the proposed 

method is analysed by using various parameters such as Mean 

Square Error (MSE), Peak Signal-to-Noise Ratio (PSNR), 

and Structural Similarity (SSIM). Simulation result shows 

that the proposed method performs well as compared to other 

filters. 
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I. INTRODUCTION 

Digital images are used as valid information sources which 

are corrupted by noise when transmitted over the channel. 

There are various types of noise which can affect the images. 

For our experiment, we have considered Salt & Pepper noise 

and Gaussian noise. Filters that are having better edge & 

image detail preservation properties are desirable in image 

filtering [2]. For this various filtering techniques are used to 

remove noise from noisy images. There are many filters used 

to remove noise from images. In our experiment we are using 

Mean Filter, Median Filter and the proposed filter. Filters are 

used for de-noising the noisy image and get the noise free 

image at the output. The advantage of using Median filter is 

that it is effective when the noise density is below 20%, but 

its drawback is that when the noise density is more than 20%, 

the edges in the image details are lost [9]. All these filters 

have limitation in practice when it comes to filtering high 

noise densities. To overcome these drawbacks we have 

proposed a new modified mean filter. As in Mean Filter we 

move a 3 x 3 fixed size of window over the entire image by 

first shifting the window across the column of the image 

matrix and after that shifting it across the row of image 

matrix, so it will take more time to shift window over the 

entire image. So we proposed a modified mean filter in which 

the size of window increases as per requirement. For a given 

pixel, firstly, we enlarge its window size continuously until 

the maximum and minimum values of two successive 

windows are equal respectively. Secondly, the given pixel 

value will be replaced by the weighted mean of the current 

window if it equals the maximum or the minimum values, 

otherwise, it will be unchanged. The proposed filter has lower 

detection errors and better restoration image quality than 

other existing filters. 

Figure.1 below show the basic block diagram: 

 It contains original image, noise adders, filters and 

we get output as a filtered image. The original images which 

we are taking are gray image and colour image. In Gray scale 

images each pixel value is normally from 0 (black) to 255 

(white). In Colour images each pixel has a particular colour 

that colour being described by the amount of red, blue and 

green in it. Each of these components has a range 0-255. In 

our experiment we are dealing with two types noises such as 

Salt & Pepper noise, Gaussian Noise. Salt & Pepper noise is 

the form of noise in which image pixels are corrupted by 

white and black spots. These spots randomly appear in the 

image. If the image is affected by salt noise, it will have 255 

values which appear to be white and if the image pixel is 

corrupted by pepper noise it will have 0 values which appear 

to be black. 

 Gaussian is caused by random fluctuation in the 

signal. The noise can be removed from images by using 

different types of filters. Mean Filter is an averaging linear 

filter, it replace each pixel value in an image with the mean 

value of its neighbours, including itself. This process is 

repeated for all pixel values in the image. Median Filter is 

quite popular for reducing the amount of intensity variation 

between one pixel and the other pixel. Here the centre value 

of the pixel is replaced by the Median of the pixel values 

under the filter. 

 
Fig. 1:  Basic Block diagram 

II. PROPOSED METHOD 

We have used a Modified Mean Filter (MMF) method for 

detecting and removing high density salt-and-pepper noise 

from digital images. It firstly determines the adaptive window 

size by continuously enlarging the window size until the 

maximum and minimum values of two successive windows 

are equal respectively. Then the current pixel is regarded as 

noisy pixel if it is equal to the maximum or minimum values, 

otherwise, it is regarded as noise-free pixel. Finally, the noisy 

pixel is replaced by the weighted mean of the current window, 

while the noise-free pixel is left unchanged. 

A. Algorithm 

 Input: A digital image and add Salt & Pepper noise or 

Gaussian noise to that image. 

 Output: Noise free image. 

 The steps for our algorithm are as follows: 

1) Step 1: Select a 3 x 3 2-D window, assuming that the 

processing pixel is Pij. 

2) Step 2: If 0<Pij<255, then the processing pixel or Pij is 

uncorrupted and left unchanged. 
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3) Step 3: If Pij=0 or Pij=255, then it is considered as 

corrupted pixel and four cases are possible as given 

below: 

 Case i) If the selected window has all the pixel value as 

0, then the Pij is replaced by the Salt noise (i.e. 255). 

 Case ii) If the selected window has all the pixel value as 

255, then the Pij is replaced by the Pepper noise (i.e. 0). 

 Case iii) If the selected window contains all value as 0 

and 255 both. Then processing pixel is replaced by mean 

value of the window. 

 Case iv) If the selected contains not all the value as 0 and 

255. Then eliminate 0 and 255 and find the mean value 

of the remaining element. Replace Pij with mean value. 

4) Step 4: Repeat step 1 to 3 for the entire image until the 

process is complete. 

 
Fig. 2: Flow Chart of Proposed Filter 

III. EXPERIMENTAL RESULT & ANALYSIS 

In our experiment we have taken an image namely 

cameraman from a publicly available database. In the 

simulation, images are corrupted by salt & pepper noise and 

Gaussian noise with equal probability. A wide range of noise 

density from 0.4, 0.5, 0.6, 0.8 and 0.9 are added to the image. 

De-noising performance is quantitatively measured by the 

conventional Mean Square Error (MSE), Peak Signal to 

Noise Ratio (PSNR) and Structural Similarity (SSIM). For 

better comparison of image quality, PSNR should be high and 

MSE should be low. 

A. Mean Square Error (MSE) 

The Mean Square Error (MSE) is the cumulative square error 

between the reconstructed and the original image defined by 

the formula given below:- 

 
 Where, f is the original image and g is the filtered 

image. 

 The Mean Square Error (MSE) for our practical 

purposes allows us to compare the pixels of original image to 

our restored or filtered image. 

B. Peak Signal to Noise Ratio (PSNR) 

The Peak Signal to Noise Ratio (PSNR) is the ratio between 

the maximum possible power of a signal and the power of 

corrupting noise that affects the fidelity of its representation. 

The PSNR is defined as: 

 
 Where, MAXI is the maximum possible pixel value 

of the image. 

C. Structural Similarity (SSIM) 

Structural Similarity (SSIM) is used for measuring the 

similarity between two images. It is designed to improve on 

traditional methods such as peak signal-to-noise ratio 

(PSNR) and mean squared error (MSE). 

 SSIM is used for measuring similarity between two 

images X and Y. 

 
Where, µx is the average of x, 

µy is the average of y 

σx
2 the variance of x 

σy
2
 the variance of y 

σxy the covariance of x and y 

c1 = (k1L)2,  c1 = (k2L)2 two variables to stabilize the division 

with denominator, 

L the dynamic range of the pixel values 

D. Evaluation 

The performance of different methods is summarized in fig.3 

out of which the proposed filter is better as compared to other 

filters when the noise density is low.  However, when the 

noise density increases, the performance of mean filter and 

median filter degrades. 

 The proposed filter achieves a significantly low 

MSE, high PSNR and high SSIM even the noise density is 

high with comparison to mean filter and median filter. 

 The restoration result is shown in fig.4 for the noise 

density of 0.4, 0.5, 0.6, 0.8, and 0.9 for cameraman image. 

Among all these filters, the proposed filter gives best 

performance in terms of noise suppression and detail 

preservation. 
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 Using modified mean filter we are able to remove 

some amount of noise but a large amount of noisy pixels are 

present in the image. 

 
For Various Densities of Salt & Pepper Noise 

 
For Mean=0 and Various Values of Variance of Gaussian 

Noise 

 
For mean=0.1 and various values of variance of Gaussian 

noise 

Fig. 3 (a) (b) and (c) Results for corrupted cameraman 

image (Gray image) for removal of noise using different 

types of filters such as mean, median and proposed modified 

mean filter 

 Table for MSE, PSNR, and SSIM at different noise 

densities of Salt & Pepper noise and Gaussian noise for Gray 

images 

 
Table 1: MSE Values of Different Filter at Different Noise 

Density 

 
Table 2: PSNR Values of Different Filter at Different Noise 

Density 

 
Table 3: SSIM Values of Different Filter at Different Noise 

Density 
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IV. CONCLUSION 

The conclusion drawn from the above experiment is that 

proposed modified mean filter gives better result with higher 

intensity of noises. It is observed that the Mean square error 

(MSE), Peak-Signal-to-Noise-Ratio (PSNR) and Structural 

Similarity (SSIM) parameters gets improved while using 

modified mean filter as compared with Mean and Median 

filter respectively. The above concept works best with salt & 

Pepper noise which is random in nature and is most 

frequently occurring on transmitted images. At high noise 

densities the texture details and edges are preserved to an 

acceptable level. 

 The same experiment is tried out with Gaussian 

noise varying its mean and variance for various noise levels. 

The improvement in values of MSE, PSNR and SSIM is 

obtained for images with less noise density. With higher 

density noise images the proposed algorithms do not work 

sufficiently well. 

 Hence with higher density noise images the 

proposed filter need to be modified in case of Gaussian noise. 

V. FUTURE SCOPE 

In future the improved mean filter can be used for removing 

different types of noises such as exponential noise, speckle 

noise etc. depending upon the requirement of the application. 

Also different types of parameters for analysis can also be 

considered for different types of filters such as Mean absolute 

error etc. 
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