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ABSTRACT: This paper presents an accurate and efficient noise detection and filtering algorithm for impulse noise 

removal. The algorithm includes two stages: noise detection followed by noise filtering. The proposed algorithm replaces 

the noisy pixel by clipping median value when other pixel values, 0’s or 255’s are present in the selected window and when 

all the pixel values are 0’s and 255’s then the noise pixel is replaced by mean value of all the elements present in the 

selected window. Even at high noise densities this algorithm gives better results in comparison with other existing 

approaches. 

The proposed algorithm is tested & compared for different grayscale images and it gives better Peak Signal-to-Noise Ratio 

(PSNR). 
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I.INTRODUCTION 

 

Salt & pepper noise is a type of impulse noise which is typically observed in images. It represents itself as randomly 

occurring white and black pixels. An image containing this type of noise will have dark pixels in bright regions and bright 

pixels in dark regions. This type of noise can be caused by dead pixels, analog-to-digital converter errors, bit errors in 

transmission, etc. 

 

In past years, linear filters became the most popular filters in image signal processing. The reason of their popularity is 

caused by the existence of robust mathematical models which can be used for their analysis and design. However, there 

exist many areas in which the nonlinear filters provide significantly better results. The advantage of nonlinear filters lies in 

their ability to preserve edges and suppress the noise without loss of details. The success of nonlinear filters is caused by 

the fact that image signals as well as existing noise types are usually nonlinear. As salt and pepper noise is a random valued 

shot noise, it is very difficult to remove this type of noise using linear filters because they tend to smudge resulting images. 

 

Traditionally, the impulse noise is removed by a median filter which is the most popular nonlinear filter. However, the 

standard median filter[1] gives a poor performance for images corrupted by impulse noise with higher intensity. A simple 

median filter utilizing 3×3 or 5×5-pixel window is sufficient only when the noise intensity is less than approx. 10-20%. 

When the intensity of noise is increasing, a simple median filter remains many shots unfiltered. Adaptive Median Filter 

(AMF) [2] perform well at low noise densities. But at high noise densities the window size has to be increased which may 

lead to blurring the image. In switching median filter [3], [4] the decision is based on a pre-defined threshold value. The 

major drawback of this method is that defining a robust decision is difficult. Also these filters will not take into account the 

local features as a result of which details and edges may not be recovered satisfactorily, especially when the noise level is 

high. To overcome this drawback, a decision based algorithm is proposed. In this, image is denoised by using a 3×3 

window. If the processing pixel value is 0 or 255 it is processed or else it is left unchanged. The selected 3× 3 window 

elements are arranged in either increasing or decreasing order. Then the pixel values 0’s and 255’s in the image (i.e., the 

pixel values responsible for the salt and pepper noise) are removed from the image. Then the median value of the remaining 

pixels is taken. This median value is used to replace the noisy pixel. 
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II. IMPULSE NOISE MODEL  

The Salt and Pepper (SP) noise is also called as fixed valued impulse noise will take a gray level value either minimal (0) or 

maximal (255) (for 8-bit monochrome image) in the dynamic range (0-255) [12] [20] [21]. It is generated with the equal 

probability. In the case of salt and pepper noise, the image pixels are randomly corrupted by either 0 or 255. 

Consider an image I and an observation image X of same size 

 

 
Where i=1,2,…..s1 and j=1,2,…..s2 and 0<p<1. Iij and Nij denotes the pixel values at location (i,j) of the original image 

and the noisy image, respectively and Nij a noise value independent from Iij.For gray level images with 8 bits per pixel 

,when the images are contaminated by fixed value impulse noise, Nij the corrupted pixel is equal to 0 or 255 each with 

equal probability (p/2). 

III. PROPOSED ALGORITHM 

The proposed Decision Based Median Filter  algorithm processes the corrupted images by first detecting the impulse noise. 

The processing pixel is checked whether it is noisy or noisy free. That is, if the processing pixel lies between maximum and 

minimum gray level values then it is noise free pixel, it is left unchanged. If the processing pixel takes the maximum or 

minimum gray level then it is noisy pixel which is processed by proposed algorithm. 

A. Algorithm 

Step 1: Select 2-D window of size 3× 3. Assume that the pixel being processed is P
ij 

 

Step 2: If centre pixel 0<P
ij
<255 then P

ij 
value is left unchanged.    

 

Step 3: If P
ij 

=0 or P
ij 

=255then check for next condition  

 

Step 4: If processing pixel is 0 or 255 & also surrounding all elements has same value then processing element is an 

information instead of noise as there is high co-relation between neighboring pixels so pixel value should keep as it was. 

Otherwise check for next condition. 

  

Step 5: P
ij 

is a corrupted pixel then two cases are possible as given in Case i) and ii).  

Case i): If the selected window contain all the elements as 0’s and 255’s. Then replace P
ij. 

with the mean of the element of 

window.  

Case ii): If the selected window contains not  all elements as 0’s and 255’s. Then eliminate 255’s and 0’s and find the 

median value of the remaining elements. Replace P
ij.

with the median value.  

 

Step 6: Repeat steps 1 to 5 until all the pixels in the entire image are processed. 

B. Illustration  of   Algorithm 

 

Each and every pixel of the image is checked for the presence of salt and pepper noise. Different cases are illustrated in this 

Section. If the processing pixel is noisy and all other pixel values are either 0’s or 255’s is illustrated in Case i). If the 

processing pixel is noisy pixel that is 0 or 255 is illustrated in Case ii).  

 

Case i): If the selected window contains salt/pepper noise as processing pixel (i.e., 255/0 pixel value) and neighboring pixel 

values contains all pixels that adds salt and pepper noise to the image:  
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                                                            Fig 1  

where “255” is processing pixel, i.e., P
ij
 Since all the elements surrounding are 0’s and 255’s.If one takes the median value 

it will be either 0 or 255 which is again noisy. To solve this problem, the mean of the selected window is found and the 

processing pixel is replaced by the mean value. Here the mean value is 142. Replace the processing pixel by 142. 

  

Case ii): If the selected window contains salt or pepper noise as processing pixel (i.e., 255/0 pixel value) and neighboring 

pixel values contains some pixels that adds salt (i.e., 255 pixel value) and pepper noise to the image: 

 

 

 

 

 

 

                                                                   Fig.2   

 

Now eliminate the salt and pepper noise from the selected window. That is, elimination of 0’s and 255’s. The 1-D array of 

the above matrix is [78 90 0 120 0 255 97 255 73]. After elimination of 0’s and 255’s the pixel values in the selected 

window will be [78 90 120 97 73]. Here the median value is 90. Hence replace P
ij 

the processing pixel by 90. 
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Fig3 shows filter processing flow 
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IV. EXPERIMENTAL RESULTS  

The proposed algorithm is tested using 60X125, 8-bits/pixel standard images such as Cameraman, Rice & Eight. The 

performance of the this algorithm is tested for various levels of noise corruption. Each time the test image is corrupted by 

salt and pepper noise of different density ranging from 10 to 90 with an increment of 10 will be applied to the filter.  In 

addition to the visual quality, the performance of the proposed algorithm is quantitatively measured by the following 

parameters such as  peak signal-to-noise ratio (PSNR) & Mean square error(MSE). 
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PSNR = 10log10 

 

 

 

 

MSE =  

 

 

 

where MSE stands for mean square error, Y represents the original image, Ŷ denotes the denoised image and M x N is the 

size of the image. Filter is  implemented in MATLAB 7.1 and filtering window used for experiments is of size 3x3. 

 

Table shows values of PSNR for different images 

Image  Noise Density 

10% 20% 30% 40% 50% 60% 70% 80% 90% 

Cameraman 42.69 39.42 37.40 36.74 34.84 33.86 32.43 30.43 27.91 

Rice 40.16 36.88 35.33 34.09 32.96 31.81 30.60 29.17 27.02 

Eight 44.60 41.87 39.25 38.49 36.87 34.99 31.18 30.69 27.61 
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Fig 4. output of filter for different input images 
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Fig 5. Comparison graph of PSNR at different noise densities 

 

 

V.CONCLUSION 

 

A new algorithm is proposed which gives better performance in terms of PSNR. The performance of the algorithm has been 

tested at low, medium and high noise densities on  gray-scale  images. Even at high noise density levels the algorithm gives 

better results in comparison with other existing algorithms. Both visual and quantitative results are demonstrated. The 

proposed algorithm is effective for salt and pepper noise removal in images at high noise densities. 
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