
 

International Journal of Applied Information Systems (IJAIS) – ISSN : 2249-0868  

Foundation of Computer Science FCS, New York, USA 

Volume 4– No.10, December 2012 – www.ijais.org 

 

40 

  - Neighbourhood Median Filters to Remove Speckle 
Noise from CT – Images 

 
Gnanambal Ilango  

Postgraduate and Research Department of 
Mathematics,  

Government Arts College (Autonomous),  
Coimbatore - 641018. Tamilnadu, India.  

 

B. Shanthi Gowri 
Department of Mathematics, 

Sri Krishna College of Engineering and 
Technology, 

Coimbatore - 641008. Tamilnadu, India. 

 

ABSTRACT 

Removal of noise from the medical images is very 

challenging in image processing. In recent years, 

technological development has improved significantly in 

analyzing medical imaging. This paper proposes different 

filtering techniques for the removal of speckle noise from CT 

medical images by topological approach. The filters are 

constructed based on metric topological neighbourhood. The 

quality of the enhanced images is measured by the statistical 

quality measures: Root Mean Square Error (RMSE) and Peak 

Signal to Noise Ratio (PSNR). 
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1. INTRODUCTION 
Digital image analysis plays a vital role in medical imaging 

like magnetic resonance imaging, ultra sound imaging, X-ray 

and computed tomography. Departure of the ideal signal is 

usually referred to as noise. Noises in such digital images 

arise during image acquisition and/or transmission. The data 

dropout noise is generally called as speckle noise. Speckle 

noise is a multiplicative noise that degrades the visual 

evaluation in medical imaging. Speckle noise suppression 

plays a very essential role in diagnosis. The image acquisition 

devices need despeckling techniques for medical imaging in 

routine clinical practice. Image filtering is an important 

technique used for the detection and removal of noise from 

the digital images. Median filter has been introduced by 

Turkey in 1970 [1]. It is a  non-linear  filter  used  for  

smoothing   the images. Sudha et al [2] recommends a novel 

thresholding algorithm for denoising speckle noise in 

ultrasound images with wavelets. An improved adaptive 

median filtering method for denoising impulse noise was 

carried out by Mamta Juneja et al   [3]. Thangavel    et al [4]   

showed   that     the   M3-filter had performed better than 

Mean, Median, Max, Min and various other filters. The 

Hybrid Max filter which performs significantly better than 

many other existing techniques for removal of speckle noise 

was shown by Gnanambal Ilango et al [5]. R. Marudhachalam 

and Gnanambal Ilango [6] proposed different Center 

Weighted Hybrid filtering techniques for denoising of medical 

images. The objective of this study is to develop new filtering 

techniques based on different metric topological 

neighbourhoods   and   investigate their performance   on   CT 

  

images. In this experimental work, the different filtering 

techniques for noise removal were applied on CT image of the 

liver with speckle noise. The quality of the de-noised image is 

measured by the statistical quality measures: RMSE and 

PSNR.  

This work is organized as follows: In Section 2, basic 

definitions are given. Section 3 discusses the various filtering 

techniques for de-noising the speckle noise in Medical 

images. Section 4 deals with the proposed new filtering 

techniques based on    Metric      topological    neighbourhood 

for de-noising the speckle noise in CT images. Section 5 

explains the experimental work done. Section 6 discusses the 

comparison of results of various new filtering techniques. 

Section 7 concludes the experimental results. 

2. BASIC DEFINITIONS: 

2.1 Definition [7] 
A metric on a set X is a function    d: X x X    R having the 

following properties:                     

                                                    
                                                                               
                                         

                                               
Given a metric d on X, the number        is called as the 

distance between x and y in the metric d. For a given      , 

consider the set 

                                     

of all points y whose distance from x is less than    . Here  

        is called the   -       centered at x. If d is a metric 

on the set X, then the collection of all  

  -                                        is a basis 

for a topology on X, called metric topology induced by d. A 

set U is open in the metric topology induced by d iff for each 

     , there is a                 . If X is a 

topological space, X is said to be metrizable if there exists a 

metric d on the set X that induces   the   topology   of   X. A 

metric space is a metrizable space X together with a specific 

metric d that gives the topology of X. 

2.2 Definition [8] 
 An  image  may  be  defined  as  a  two-dimensional function 

 f (x , y), where x and y are spatial (plane) coordinates, and 

the amplitude of f at any pair of coordinates (x , y) is called 

the intensity or gray level of the image at that point. If x , y 

and the intensity values of f are all finite, discrete quantities,  

we    call   the   image   a    digital     image. A digital image is 

composed of a finite number of elements (x , y) each of which 
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has a particular location and value. These elements are called 

picture elements or pixels. 

2.3 Definition 
An image in the positive quadrant is a function  

                          in which     is a 

positive whole number belonging to the natural interval 

[1,256]. The functional value of ‘ ’ at any point p(x, y) is 

called the intensity or gray level of the image at that point and 

it is denoted by              .                                                                                 

2.4 Definition [9] 
Let X be an array of points having positive integer coordinates 

(x,y), where                The 

neighbourhood of a point          is a subset of X which 

contains an open set containing p. It is denoted by N (p). 

2.5 Definition 

              

   
                        
                     

  

be the set of spatial coordinates of a digital image. The 

discrete topology on     is the collection of all subsets of  

     denoted by     . 

2.6 Definition [9] 

Let                             
 . Consider the 

functions  

i)                     , defined   by 

                                    .   
Then           is a   metric   space.  The   metric        is 

called City – block   metric  or  Manhattan   metric. 

ii)                       , defined by 

                                          . 
Then          is a metric space. The metric     is called 

the Chessboard metric. 

2.7 Definition 
For any metric space         , any           
                ,      consider        the             set 

                                       .           

is called the (open)    -                         . 

2.8 Definition 
For      any    point    p,     the       4 – neighbourhood      of     p   

 denoted          by                   
             is       defined       

as 

        
                                      

         

is       also           denoted          by                          and             

the 8 - neighbourhood of p denoted by        
       is 

defined as         
                                

       
      is also denoted by      . 

 

 

 

 

2.9 Definition 
For any point p, the 4 - neighbours of p are 

         
         , and the 8 - neighbours of p are 

        
         . 

2.10 Definition 
Let                   where      

                               . Let 

                                 .        Consider   the   

function                                                defined       

by                             .        is 

a metric space. For any point p, the      neighbourhood of p is 

defined as      
                              . 

Hence the    neighbourhood of p is        
    

                         and the    neighbourhood of p 

is        
                           . The      

neighbours of p are         
           and the     

neighbours of p are           
         . 

2.11 Definition 
Let           where 

                               . Let 

                                      .      Consider      

the         function                                 defined       

by                               .   

            is a metric space. For any point p, the     -      
neighbourhood of p is defined as 

       
                             . Hence the   

 -    neighbourhood of p is defined as       
    

                        and the  -    neighbourhood of 

p is defined as       
                            . 

The    -    neighbours of p are         
          and the   

 -    neighbours of p are          
         . 

2.12 Definition 
Let           , where  

            
                           

                 
 .   

Let                                     . Consider 

the function                                     defined                

by            
 

 
                       .  

 

              is a metric space. For any point p , the         
neighbourhood of p is defined as 
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                                . Hence 

the       neighbourhood        of         p       is         defined          

as       
                               and   the        

    neighbourhood of p is defined as         
    

                        .         
    is also denoted 

by      . The         neighbours of p are   

and the   LT2  neighbours of p are  . 
2.13 Definition 
Let          where   

   
                          

                 
 . Let 

                                    . Consider the 

function                                          defined             

by            
 

 
                        .   

            is a metric space. For any point p , the      

neighbourhood of p is defined as       
    

                           . Hence for any point p , 

the     neighbourhood of p is defined as       
    

                        and the     neighbourhood of p 

is defined as       
                            

 is also denoted by R3 (p). The   RT1 

neighbours of p are         
          and the   RT2 

neighbours of p are         
         . 

 

It is seen that the       ,  -  , LT1 and   RT1 neighbourhood 

has 3 points and the       ,  -  , LT2 and  RT2  

neighbourhood has 5 points. 

3. SOME EXISTING FILTERING 

TECHNIQUES 
In  this  section,  we  provide  the  definitions of some existing 

filters. The image processing function in a spatial domain can 

be expressed  as g(p) =  (f(p)),  where   is the 

transformation function,  f(p)  is the pixel value (gray level 

value) of the point p(x,y)  of  the  input  image  and  g(p)  is 

the pixel value of the corresponding point of the processed 

image. 

3.1 Median Filter [1] 
The median filter plays an important role in image processing 

and vision. It is useful for reducing salt and pepper noise in an 

image. In median filter, the pixel value of a point p is replaced 

by the median of pixel values of 8-neighbourhood of a point 

‘p’. The operation of this filter can be expressed as:  

                                         
     . 

3.2 Center Weighted Median Filter [6] 
Center weighted median filter is a filter that gives more 

weight to the center pixel. This weight corresponds to the size 

of the kernel. If the kernel is  3x3,  then  the  total  number   of 

pixels that  will  be converting to array for performing sorting 

will      be    11.        This        filter       is        defined        as  

 

            
           

                    
   

 ,         

where   represents replication operator and       is gray 

level value of the center pixel. 

3.3 Center Weighted Hybrid Max  

(CW Hybrid Max) Filter [6] 
In  Max filter [8] each output pixel value can be calculated by 

 selecting   maximum gray level   value of         The 

Center Weighted         Hybrid       Max     filter      is     

defined      as  

     

      

                                  
     

                                  
     

    

 

where  represents replication operator and       is gray 

level value of the center pixel. 

4. PROPOSED FILTERING 

TECHNIQUES 

4.1 Vε Median Filter 
In    Median filter, the pixel value of a point p is replaced by 

the median of the pixel values of    neighbourhood of p. The  

operation     of     this     filter     can     be     expressed        as   

                                      . 

4.2 ε – H Median Filter 

In    -    Median filter, the pixel value of a point p is 

replaced by the median of the pixel values of   -H  

neighbourhood of p. The operation of this filter can be 

expressed as 

                                     . 

4.3 LTε Median Filter 
In         Median filter, the pixel value of a point p is 

replaced by the median of the pixel values of       

neighbourhood of p. The    operation    of    this    filter    can    

be    expressed    as 

                                       . 

4.4 RTε Median Filter 
In        Median filter, the pixel value of a point p is replaced 

by the median of the pixel values of     neighbourhood of p. 

The    operation    of    this    filter    can    be    expressed    as 

                                      . 

4.5 Center Weighted Vε (CWVε)  

Median Filter 
Center Weighted    Median Filter is a filter that gives more 

weight  to  the  center pixel of the    neighbourhood of p. In 

this  filter,  the  pixel  value  of  a  point  p  is replaced by the 

median   of   pixel   values   of   2   times           and  the  

   neighbourhood   of   p.     This     filter      is      defined      
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as     

            
        

                   
       

where  represents replication operator and       is gray 

level value of the center pixel.  

4.6 Center Weighted ε – H (CW ε -H) 

Median Filter 
Center  Weighted    - H  Median  Filter   is   a   filter  that  

gives    more    weight   to    the    center    pixel    of  the   - H 

neighbourhood of p. In this filter, the pixel value of a point p 

is replaced by the median of pixel values of      2 times           

and    the       - H     neighbourhood     of     p.   This    filter    

is    defined    as 

             
        

                      
 ,  

where     represents  replication  operator  and        is 

gray level  value  of  the  center  pixel.   Here   we   have   

used  the  notation   - H   instead of    to differentiate the 

Hybrid filters introduced by Gnanambal Ilango and  

R. Marudhachalam [5]. 

4.7 Center Weighted LTε  (CWLTε) 

Median Filter 
Center Weighted     Median Filter is a filter that gives more 

weight to the center pixel of the     neighbourhood of p. In 

this filter, the pixel value of a point p is replaced by the 

median of pixel values of 2 times                and      the      

       neighbourhood      of      p.      This      filter      is      

defined       as 

            
        

                        
 ,  

where  represents replication operator and       is gray 

level value of the center pixel. 

4.8 Center Weighted RTε  (CWRTε) 

Median Filter 
Center  Weighted         Median  Filter  is  a  filter  that  

gives more  weight  to  the center pixel of the     

neighbourhood of p . In this filter, the pixel value of a point p 

is replaced by the median of pixel values of 2 times      

         and       the              neighbourhood      of      p.      

This     filter      is      defined         as 

             
        

                       
  , 

 where  represents replication operator and       is gray 

level value of the center pixel. 

5. EXPERIMENTAL WORK 
In this work, CT image of liver infected by bacteria was taken  

from www.google.com - RadiologyInfo.org - Images/videos – 

CT images. For that image speckle noise of different 

variances were added. For de-noising the noisy images, the 

proposed filters based on   – neighbourhood were applied. 

The filtering techniques are implemented using  

MATLAB 7.0. The performance of all the eight new filtering 

techniques are analyzed and discussed. The enhancement of 

CT images were evaluated by using statistical tools Root 

Mean Square Error (RMSE) and Peak Signal to Noise Ratio 

(PSNR).        

         
                

 

  
   

                
   

    
  

 

Here        is pixel value of original CT image, g (i, j) is 

pixel value of enhanced CT image and m and n are the total 

number of pixels in the horizontal and vertical dimensions of 

the image. If the value of RMSE is low and the value of the 

PSNR is high, then the enhancement approach is better. The 

CT image of liver with speckle noise and filtered   image 

obtained by the proposed filters are compared and analyzed. 

6. RESULT ANALYSIS AND 

DISCUSSION 

The experimental results shows that the   - neighbourhood 

median       filters        for              are    better    than    

the   -  neighbourhood    median   filters     for          .    

Also the        results      indicate     that    the     center        

weighted    -  neighbourhood median filters   perform better 

than the corresponding median filters. In particular, the center 

weighted      median filter is better than the other proposed 

median filters as well as it is better than the center weighted 

hybrid max filter introduced by   R. Marudhachalam and 

Gnanambal Ilango [6]. 

 

Table-1 shows the RMSE and PSNR values of different 

proposed filters for CT image of liver corrupted by speckle 

noise with variances 0.01, 0.02, 0.03, 0.04 and 0.05. 

 

Fig. 1 shows the original image. Fig. 2 shows the noisy image. 

Fig.3 shows the images obtained by applying the proposed 

filtering techniques for the CT image of liver with speckle 

noise of variance 0.01. 

 

Chart-1 shows the analysis of RMSE and PSNR values of CT 

liver image corrupted by speckle noise of variance 0.01. 
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7. CONCLUSION 
In this work, we have introduced eight new filtering 

techniques for the removal of speckle noise from CT images, 

by metric topological neighbourhood approach. To 

demonstrate the performance of the proposed techniques, the 

experiments have been conducted on CT image of liver. The 

performance of speckle noise removal by proposed filtering 

techniques is measured using quantitative performance 

measures such as RMSE and PSNR. The experimental results 

indicate that the center weighted      median filter performs 

significantly better than the other proposed filters as well as it 

is better than the Center Weighted Hybrid Max filter 

introduced by   R. Marudhachalam and Gnanambal Ilango [6]. 

This result has been verified for some more CT and MRI 

images. 
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