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ABSTRACT 

This paper presents the comprehensive study of the various 

filters and their comparative analysis using statistical 

parameters in digital image processing. We have simulated 

the various statistical parameters and viewed their results 

using plots. We have done their comparative analysis with the 

help of MATLAB simulation to ease the selection of best 

filter for a specific noise introduced in MRI and USG image. 
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1. INTRODUCTION 
Suppression of noise efficiently in an image is a very 

important. Here the detection of the noise patterns which 

affect the USG and MRI image and to apply the Spatial filters 

to remove those noises. The common noises found in these 

images are speckle noise, salt and pepper noise and Gaussian 

noise. These images come across these noises from 

background and through equipment [1]. The noise can be of 

any type, high or low leading to the degradation of the image 

quality. The Spatial Filters are categorized according to their 

performance judged by Statistical analysis to find the best 

suitable Spatial Filter for a particular noise. The various 

statistical parameters used are MSE, NAE, NCC, max diff and 

PSNR. In the next few sections we have discussed about the 

various noises, filters and the statistical parameters for an 

input MRI and USG image. Section II deals with the 

statistical model of the proposed work done throughout the 

project in brief. Section III discusses about various noises 

used, followed by statistical parameters in section IV and 

section V contains experimental results for de noised images 

passed through filters. 

 

2. PROPOSED STATISTICAL MODE 
Although research has already been done on few of these 

measures at quite advance level, we have proposed a simple 

statistical model for experimental work. The proposed 

statistical model consists of the following steps: 

 

1. Adding noise to input image, I(x, y): In this step noise is 

added to input image. Here three basis noises are added to 

input image differently, namely: Speckle, Salt and pepper and 

Gaussian noise. 

 

2. Passing of noisy image through various filters : The noisy 

image is passed through various filters namely: Maximum 

filter, Minimum filter, Midpoint filter, Median filter, 

Harmonic filter, Contra harmonic mean filter, Arithmetic 

Mean filter , Alpha mean filter, Alpha trimmed mean 
filter and de noised images are obtained. 
 

3.Statistical parameters for Comparing de noised images: 

Various statistical parameters used are Maximum 

Difference(MD), Normalized Absolute Error(NAE), 

Normalized Cross Correlation(NCC), Structural Content(SC), 

Average Difference(AD), Mean square Error(MSE), Peak 

Signal-to-Noise Ratio(PSNR). These parameters compared 

the various de noised images. The compared values for these 

parameters are given by comparison tables and plots. The best 

filter is retained through those values for all the noises. 

 

3. VARIOUS NOISES USED 
The various noises used for converting an input noiseless 

image into noisy image are: Speckle, Salt and pepper and 

Gaussian noise. 

 

A. Speckle Noise: Speckle noise is defined to have a 

granular pattern. Speckle is the result of the diffused 

scattering, which occurs when an ultrasound pulse 

randomly interferes with small particles or objects 

comparable to the sound waves. In this, the ratio of 

variance and mean is constant over a wide region which 

is also a property of Rayleigh distribution [2]. 

     
    

        
  

 
                  

B. Salt and pepper noise: The corrupted pixel values are 

set alternatively to the maximum or to the minimum 

value, giving the image a salt and pepper like appearance 

as salt looks like white(one) and pepper looks as 

black(zero) for binary ones. For an 8 bit image, value of 

pepper noise is 0(minimum) and for salt noise 

255(maximum) [3]. Image with salt and pepper noise. 

 

C. Gaussian Noise: Gaussian noise is statistical noise 

which has probability density function equal to that of 

the normal distribution [4], also known as the Gaussian 

distribution. A special case is white Gaussian noise, in 

which values at any pair of times are statistically 

independent and are uncorrelated [5]. 

     
 

      
                                                     

                  

                IV. Various Filters Used 

Each noise is passed through a particular set of filters to get 

the resultant output image. 

A. Max Filter: The max filter, also known as the 100th 

percentile filter, replaces it with the maximum value. 

Max filter is usually used to identify the brightest pixel 

gray value of an image [5]. The brightest pixel becomes 

the new pixel value at the center of the window. This 

filter is normally considered best for the removal of salt 

and pepper noise. 
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B. Min Filter: The min filter, also known as the zeroth 

percentile filter, replaces it with lowest value [5]. Min 

filter is used to identify the darkest pixel gray level 

value and usually used to remove salt noise from the 

images. 

                                

 

C. Midpoint Filter: The midpoint filter [5] calculates 

average of highest and lowest pixel values in a window 

by combining ordered statistics and averaging them into 

one filter. It is used to reduce Gaussian and uniform 

noise in images. 

                           

                      

 

D. Harmonic Mean Filter: In harmonic mean filter, the 

color value of each pixel is replaced with harmonic 

mean of pixels in the neighborhood. The harmonic 

mean filter [16] has another variation of the arithmetic 

mean filter and is useful for images with Gaussian or 

salt noise. 

  
 

 
  

 
 
  

     
 
  

 

 

E. Contra Harmonic Mean Filter: Contra Harmonic 

Mean is a function complementary to the harmonic 

mean [4]. Image with salt noise can be filtered using 

negative value of R, whereas image with pepper noise 

can be filtered with positive values of R. 

 

               
          

   

 

       
  
 

 

 

F. Alpha Mean Filter: It forms a hybrid of mean and 

median filters. It discards the elements at the start and 

end of ordered set and calculates its average or mean 

value [5]. 

 

G. Median Filter: Median Filter is also kind of non linear 

filter which preserves edges whilst removing noise. It 

works by selecting middle pixel from the ordered set of 

values within ‘m×n’ neighborhood around the reference 

pixel [5]. 

                              
 

H. Alpha Trimmed Mean Filter: In this case an average 

of the pixel values closest to the median, after the ‘D’ 

lowest and ‘D’ highest values in ordered set have been 

removed [5]. The filter behaves as a regular arithmetic 

mean filter. For D= (mn-1)/2 it is equivalent to the 

median filter. 

       
 

     
       

       

 

4.  STATISTICAL PARAMETERS 

Statistics is defined as the study of the collection, 

organization, analysis, and interpretation of data. Here we will 

study various types of statistical measures with respect to 

image processing and simulated all of these. 

 

A. Maximum Filter:  It differentiates between original 

and output image after the removal of noise. It must be 

least for the best filter. 

                      
 

B. Normalized Absolute Error: It is used to determine 

the outcome image to the input image. Its value must be 

closer to zero for better results. 

    
                   

   
 
   

           
     

   

 

 

C. Structural Content: Structured content is more related 

to human perception than Mean Square Error values. If 

value comes out to be 1 means the original image and 

the resultant images are identical.  

   
            

   
 
   

            
   

 
   

 

 

D. Average Difference: Also called mean difference is 

defined as the value obtained of absolute difference of 

the two images. The average difference should be least 

means more similar are the images hence better is the 

filter. 

   
 

  
                 

 

   

 

   

 

 

E. Mean Square Error: Also called root mean squared 

error (RMSE) denotes mean square error of two images 

m x n as I(i, j) and K(i, j) where one of the image is 

considered as the noisy approximation of the other 

image[6]. 

    
 

  
                  

   

   

   

   

 

 

F. Peak Signal-to- Noise Ratio: The lower value of 

PSNR represents that the image reconstructed is of 

lower quality and vice-versa. It is mostly defined by 

using means square error as shown in the above 

equation [6]. 

              

    
 

   
 

 

5. EXPERIMENTAL RESULTS 

The results are obtained by introducing different noises to 

original image forming noisy images. Each noisy image is 

further passed through various filters to de noise them. Then 

we compare them by calculating various statistical parameters 

explained above [7]. The values of these parameters are 

compared to find the best possible filter for a particular kind 

of noise including plots.  

A. Results for Speckle Noise: 

          

(A)                                                 

(B) 
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(C)                                            (D) 

   

                 (E)                                                (F)                

 

                (G)                                                 (H) 

  

                 (I)                                                  (J) 

(A) Original input MRI image (B) Output image with 

speckle noise (C) Alpha trimmed mean filter image for 

speckle noise (D) Arithmetic mean filter image for speckle 

noise (E) Contra harmonic mean filter for speckle noise 

(F) Harmonic filter for speckle noise (G) Maximum filter 

image for speckle noise (H) Medium filter for speckle 

noise (I) Midpoint filter for speckle noise (J) Minimum 

filter image for speckle noise. 
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a 

harmo

nic 

mean 

filter 

-

21.94

20 

0.3

744 

1.3

744 

0.529

4 

-

21.94

20 

  

481.4

528 

21.3

053 

Harm

onic 

mean 

filter 

-

27.17

42 

0.4

253 

1.4

253 

0.466

8 

-
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mum 
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-
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15 

0.4
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1.4
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6 

-

18.95

15 

360.2
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22.5
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n 

filter 

-

24.92

36 

0.5
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1.5
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0.492

3 

-

24.92

36 

621.1

839 

20.1

986 

Midp

oint 

filter 

-

23.69

08 

0.3

975 

1.3

975 

0.507

1 

-

23.69

08 

561.2

531 

20.6

392 

Mini

mum 

filter 

-

31.03

18 

0.2

564 

1.2
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0.427

5 

-

31.03

18 

962.9

736 

18.2

947 

Table 1: Comparison of Statistical parameters for Speckle 

noise in MRI image 
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Graph 1: Plot of parameters for Speckle noise in MRI 

image 

Maximum filter forms the best filter from the results for 

Speckle noise in MRI image. 

B. Results for Salt and pepper noise: 

   

(A)                                       (B)              

    

(C)                                         (D)   

 

               (E)                                              (F) 

  

             (G)                                                  (H) 

        

             (I) 

(A) Salt and pepper noise in MRI image (B) Alpha 

trimmed filtered image for salt and pepper noise (C) 

Arithmetic mean filtered image for salt and pepper noise 

(D) Contra harmonic mean filtered image for Salt and 

pepper noise (E) Harmonic mean filtered image for salt 

and pepper noise (F) Maximum filtered image for salt and 

pepper noise(G) Median filtered image for salt and pepper 

noise (H) Midpoint Filtered image for salt and pepper 

noise (I) Minimum Filtered image for salt and pepper 

noise. 
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4 
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12 
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65 
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Table 2:  Comparison of Statistical parameters for Salt 

and pepper noise in MRI image. 

 

Graph 2: Plot of parameters for Salt and pepper noise in 

MRI image. 

For MRI image it was found that alpha trimmed filter is the 

best filter according to the results obtained. 

C. Results for Gaussian noise: 

      

(A)                                          (B) 

     

               (C)                                               (D) 

       

              (E)                                                (F) 

               (G)                                                (H) 

 

           (I) 

(A) Image with Gaussian noise of MRI (B) Alpha trimmed 

filtered image for Gaussian noise (C) Arithmetic mean 

filtered image for gaussian noisenoise (D) Harmonic mean 

filtered image for Gaussian noise (E) Contra harmonic 

mean filtered image for Gaussian noise (F) Maximum 

filtered image for Gaussian noise (G) Median filtered 

image for gaussian noise (H) Midpoint filtered image for 

Gaussian noise (I) Minimum filtered image for Gaussian 

noise 
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Max 
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Table 3: Comparison of Statistical parameters for 

Gaussian noise in MRI image 

 

Graph 3: Plot of parameters for Gaussian noise in MRI 

image. 

Comparing all the images of various filters for Gaussian noise 

in MRI image Maximum filter is the best filter. 

D. Results for speckle noise in USG image: 
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               (G)                                                (H) 

    

(I)                                   (J) 

(A) Original USG image without noise (B) USG Image 

with speckle noise (C) Alpha trimmed mean filter for 

speckle noise in USG (D) Arithmetic mean filter for 

speckle noise in USG (E) Contra harmonic mean filter for 

speckle noise in USG image (F) Harmonic mean filter for 

speckle noise in USG image (G) Median filter for speckle 

noise in USG image (H) Midpoint filter for speckle noise in 

USG image (I) Minimum filter for speckle noise in USG 

image (J) Maximum filter for speckle noise in USG.  
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Table 4: Comparison of Statistical parameters for Speckle 

noise in USG image 

 

Graph 4: Plot of parameters for Speckle noise in USG 

image 

The results received after comparing all the images of various 

filters for Gaussian noise in MRI image found Maximum 

filter as the best filter according to the results obtained. 

E. Results for Salt and pepper noise in USG image:  
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               (C)                                            (D) 

     

              (E)                                                (F) 

       

             (G)                                                    (H) 

 

               (I) 

(A) USG Image with salt and pepper noise (B) Arithmetic 

mean filter for speckle noise in USG (C) Alpha trimmed 

mean filter for speckle noise in USG (D) Contra harmonic 

mean filter for salt and pepper noise in USG (E) Harmonic 

mean filter for speckle noise in USG (F) Maximum filter 

for salt and pepper noise in USG (G) Median filter for salt 

and pepper noise in USG (H) Midpoint filter for salt and 

pepper noise in USG image (I) Minimum filter for salt and 

pepper noise in USG. 
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Table 5: Comparison of Statistical parameters for Salt and 

pepper noise in USG image 
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Graph 5: Plot of parameters for Salt and pepper noise in 

USG image 

Alpha trimmed mean filter and maximum filter are the best 

filters. 

F.  Results for Gaussian noise in USG  image: 
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(A) Image with Gaussian noise (B) Alpha mean filter for 

Gaussian noise in USG (C) Arithmetic mean filter for 

Gaussian noise in USG (D) Contra harmonic mean filter 

for Gaussian noise in USG (E) Harmonic mean filter for 

Gaussian noise in USG (F) Maximum filter for Gaussian 

noise in USG image (G)  Median filter for Gaussian noise 

in USG image (H) Midpoint filter for Gaussian noise in 

USG image (I) Minimum filter for Gaussian noise in USG 

image. 
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25 

onic 

mean 

filter 

31.5

692 

775 775 3 31.56

92 

6137 455 

Maxi

mum 

filter  

-

47.5

398 

1.0

203 

2.0

203 

0.245

0 

-

47.53

98 

2.26

00 

e+03 

14.5

896 

Media

n 

filter 

-

26.3

753 

0.5

661 

1.5

661 

0.407

7 

-

26.37

53 

695.

6570 

19.7

069 

Midp

oint 

filter 

-

24.5

247 

0.5

264 

1.5

264 

0.429

2 

-

24.52

47 

601.

4624 

20.3

387 

Mini

mum 

filter 

-

38.3

951 

0.8

240 

1.8

240 

0.300

6 

-

38.39

51 

1.47

42 

e+03 

16.4

453 

Table 6: Comparison of Statistical parameters for 

Gaussian noise in USG image 

 

Graph 6: Plot of parameters on Gaussian noise in USG 

image 

 

 

 

 

Comparing  all the images of filters for Speckle noise in USG 

image and found that Alpha trimmed mean filter and 

maximum filter are the best filter. 
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