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Abstract 

Denoising is an important link in image processing. Median filtering is an effective way to 

suppress the noise of the image. According to the salt and pepper noise is isolated and the gray 

value of extreme properties, First, OTSU is used to divide the noise gray range from the signal 

gray scale. Secondly, the traditional median filter is improved. Further experiments verify the 

application effect of the improved median filter denoising algorithm. Meanwhile, three 

denoising algorithms are compared with mean filtering, median filtering and adaptive median 

filtering, and the feasibility of the improved algorithm is explained from two aspects of 

subjective evaluation and objective evaluation. 
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1. Introduction 

Generally speaking, the real images are noisy images, there is a certain degree of noise interference in 

any unprocessed original image. Before edge detection, image segmentation, feature extraction, 

pattern recognition and other high-level processing, it is a very important pre-processing step to select 

appropriate methods to remove noise interference as far as possible. Denoising has become an 

extremely important step in image processing. 

Salt and pepper noise is a kind of common noise in image, and its classical filtering algorithm is 
median filter series algorithm[1]. For the standard median filtering algorithm, the size of the filter 

window directly affects the noise reduction ability and the detail retention ability of the algorithm, it 

is difficult to balance. In order to balance noise reduction and detail retention, scholars at home and 

abroad have proposed a series of improved algorithms based on standard median filter: (1) Adaptive 

median filtering[2], adaptively adjusting the size of the filtering window according to a preset 

condition, and adopting a standard median algorithm for noise pixels satisfying the condition. (2) 

Fuzzy median filter [3], respectively establishing a membership function for the noise point and the 
non-noise point according to the gradient of the pixel point, and setting the weight value of the pixels 

in the filtering window by using the function. (3) Center weighted median filter algorithm[4], setting 

different weights for each pixel point in the filtering window and adjusting according to the content. 

(4) Switch median filter[5], Based on noise pixel detection, the algorithm only filters the detected 

noise pixels. 

According to the salt and pepper noise is isolated and the gray value of extreme properties, improved 
the traditional median filtering algorithm, combined with the Otsu method to the gray distribution of 

salt and pepper noise of segmentation, denoising method an improved median filtering algorithm to 

image is given. 

2. Improved median filter image denoising method  

It is assumed that the gray scale range of the black pepper noise is  1,0 T , the gray scale of the white 

pepper noise is  255,2T , and the gray value range of normal signal point is  21,TT .The total number 

of pixels in the image is N , the number of pixels with a gray value of i  is iN , the corresponding 
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probability is
N
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The value of 1T  and 2T  corresponding to the maximum value max is the obtained optimal global 

gray-level interval classification threshold. 

We have now completed the determination of the gray range of salt and pepper noise, In other words, 
the gray value of the current pixel is within the range of the noise gray, and the pixel is likely to be a 

noise point. We need to further judge the pixel and then deal with it accordingly. The current pixel 

gray value is within the normal gray range, the pixel is almost impossible to be a noise point, we can 

regard it as a normal point and retain it. 

At the same time, we also consider the influence of filter window size on filtering results. If the image 
is less polluted by noise, considering the inherent local consistency of the image, using the larger 

window can make full use of the original information of the image to reduce the influence of noise as 

much as possible. If the image is seriously polluted by noise, in order to reduce the effect of the noise 

point on the median value of the action window, a smaller size window should be adopted. 

Further, we give the specific steps of improved median filter image denoising method: 

Input a gray image with a size of 256*256 ; 

Getting the signal-to-noise ratio M of the input image, a signal-to-noise ratio threshold T  has been 

given. If TM  , we adopt 5*5  mask window. If TM  , we adopt 3*3  mask window. 

The gray interval of noise and normal points is divided by the OTSU method, and the interval of noise 

gray distribution is  1,0 T  and  255,2T . 

Mark out the pixels in the window that are not in the two intervals kXXX ,...,, 21 , 0k , and take the 

median ),...,,( 21 kXXXmed . 

If the gray value of the center pixel of the window is in the range of  1,0 T  or  255,2T , and 

321 ),...,,( TXXXmedX kij  , ijX is the gray value of the center pixel of the window , 3T  is a given 

gray value threshold to determine the abnormal noise point , the gray value of the center pixel is 
replaced by the median value. 
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If the gray value of the window pixel is within the interval of the noise gray level, that is k=0, find the 

median value of all pixels in the window ),...,( 1,11,1  jiji XXmed , 

and 
31,11,1 ),...,( TXXmedX jijiij  
, the gray value of the center pixel is replaced by the median 

value. 

If neither of the above conditions is satisfied, output the primary value of the gray value of the pixel in 
the center of the window.  

3. Experimental results and analysis 

Image quality assessment methods are divided into subjective evaluation method and objective 

evaluation method [6, 7]. The subjective evaluation method is used to judge the quality of the image 

by the observer's score. It takes the subjective factors such as the human visual psychology into 
account. Objective evaluation is obtained by the method of mathematical calculation. The following 

two evaluation methods are used to evaluate the processing effect of the algorithm. 

3.1 Subjective evaluation of denoising effect 

In order to compare the advantages and disadvantages of the algorithm, this method is compared with 

the traditional mean filtering algorithm, median filter method and adaptive median filter algorithm. 

Given the images of salt and pepper noise with 10%, 20%, 30%, 40%, 45%, 50%, 55%, 60%, 70% 

degree of pollution. In this paper, we give three result graphs, see Fig. 1, Fig. 2, Fig. 3. 

 
Fig.1 Processing results of 30% salt and pepper noise images with different algorithms. 

 
Fig.2 Processing results of 50% salt and pepper noise images with different algorithms. 
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Fig.3 Processing results of 70% salt and pepper noise images with different algorithms. 

Where the NMF denotes the mean filter image, the MF denotes the median filter image, the AMF 

denotes the mean filter image, the IMF denotes the mean filter image. From the image above, we can 

see that with the increase of salt and pepper noise concentration, the improved algorithm still has 
good anti-noise performance. 

3.2 Objective evaluation of denoising effect 

Image fidelity is typically measure with a peak signal - to - noise ratio (PSNR). The greater the peak 

signal to noise ratio is, the smaller the distortion is. The peak signal to noise ratio is defined as: 

MSE
PSNR

2255
lg10                                                                 (5) 

Where mean square error (MSE) is defined as: 
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Where ),(' jif is a noisy image to be evaluated or a processed noisy image, ),( jif  is a standard image 

without noise, M and N represent the length and width of the image, respectively. 

Table 1 shows the quantization data of different methods for the denoising effect of Lena image, from 
which we can see that the algorithm in this paper is obviously better than other algorithms for noise of 

various densities. 

Table 1 Denoising result of Image lena (PSNR) 

Method 
Salt & Pepper noise densities (%) 

10 20 30 40 45 50 55 60 70 

NMF 20.7 20.6 18.9 17.4 16.8 15.4 13.8 12.4 10.1 

MF 23.9 20.9 20.5 19.0 17.1 16.2 15.7 15.1 14.3 

AMF 34.5 29.8 23.9 19.4 18.5 17.3 15.8 14.4 11.4 

IMF 43.1 40.0 37.8 35.6 34.4 34.0 32.7 31.7 29.8 

4. Conclusion 

Compared with the traditional method of median filtering, In this paper, using OTSU method to 

improve the traditional median filter not only has the advantage of automatically dividing the noise 

gray interval, but also the gray scale image contaminated by the pepper salt noise can be well 
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processed, particularly when processing the image with severe contamination of the pepper salt noise, 

the algorithm displays the superiority of the image and has good practical value. 

References 

[1]  X. W. Liu, S. Xiao, L. Quan: Noise Density Insensitive Random Sampling Pepper Noise Filtering    

Algorithm. Signal Processing, 2016, 32(6): 644-650.(In Chinese) 

[2]  Y. H. Tang, M. F. Hu, H. Z. Lu: One Pixel Width Morphological Edge Detection Algorithm Based 

on Adaptive Filter. Signal Processing,2011,27(8):1166-1170.( In Chinese) 

[3]  G. J. Wang, Y. Q. Yang: Algorithm Design of Fuzzy Filter Based on Salt-and-Pepper Noise with 

High Probability in Image Restoration. Acta Electronica Sinica, 2015,34(1):24-29.(In Chinese) 

[4]  H. Deng, D. Zhang, T. Wang, et al. Objective Image-Quality Assessment for High-Resolution 

Photopheric Images by Median Filter-Gradient Similarity.Solar Physics,2015,290(5):1479-1489. 

[5]  K. K. V. Toh, H. Ibrahim, M. N. Mahyuddin: Salt-and-pepper noise detection and reduction using 

fuzzy switching median filter. IEEE Transactions On Consumer Electronics,2008,54(4):1956-1961. 
[6]  Z. Wang, A. Bovik: Modern Image Quality Assessment. Synthesis Lectures on Image Video & 

Multimedia Processing, 2006,2(1):156. 

[7]  L. Zhang, X. Q. Mou, et al. A Comprehensive Evaluation of Full Reference Image Quality 

Assessment Algorithms//Proceedings of IEEE International Conference on Image Processing. 

Washington D. C.USA:IEEE Press,2012:1477-1480. 

[8]  L. Xiao, K. He, J. L. Zhou. Improved adaptive median filter for image denoising. laser magazine, 

2009(2):44-46. 

[9]  Y. J. Li, H. Q. Su, F. Yang, et al. Improved median filter image denoising method. Computer 

Engineering and Design, 2009(12):2995-2997. 

[10]  Z. J. Xing, Y. F. Qu, J. Xu, et al. A multi-window median filter for restraining salt and pepper 

noise. Journal of Electronics and Information, 2002, 24/12:1912-1916. 

 

 


