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Abstract 
The speckle noise removal is an essential preprocessing step in medical 

image processing. In this paper, fuzzy rules based algorithm is proposed 

for despeckling the ultrasound images. The proposed algorithm consists of 

two levels. In the first level, image areas are classified into three different 

regions by applying fuzzy rules on the normalized image. In the second 

level, the proposed algorithm adaptively uses suitable filtering techniques 

for filtering the classified pixels of the normalized image.  Experimental 

results indicate the development over other existing filtering techniques for 

speckle noise removal in an ultrasound image.  
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1. Introduction  

Medical image processing is used to generate human body images for the 

purposes of clinical or medical science. Techniques such as Ultrasound 

imaging, magnetic resonance imaging, computed tomography scan and X- ray 

are acts as a powerful tool in medical imaging. Among these techniques, 

Ultrasound imaging is considered as the most important one. A major advantage 

of Ultrasound imaging is that its waves are not dangerous for the human body. 

However, the poor image quality is the main drawback in Ultrasound imaging. 

This is due to the fact that it is suffered by a particular kind of noise called 

speckle. Hence, diagnose and analyze of speckle corrupted image is very 

difficult for a physician. Therefore, detecting and filtering of speckle noise is an 

important preprocessing stage in Ultrasound imaging. 

2. Related Works 

Nowadays, different types of methods have been presented for the speckle 

reduction in Ultrasound images.  Based on local statistics, spatial domain filters 

for Ultrasound images have been presented by [1-3]. These filters effectively 

reduce the speckle noise in the homogeneous region however, they are failed to 

detect the speckle noise present near to edge like regions. Similarly based on 

heat equation, anisotropic diffusion has been developed by [4]. This method 

performs well for additive noise removal, but it makes poor performance for the 

removal of multiplicative speckle noise. [5] Introduced a speckle reduction an 

isotropic diffusion for Ultrasound imaging.  This method used the ratio of local 

standard deviation to mean for defining the diffusion coefficient.  

Homomorphic filtering based speckle reduction method has been proposed by 

[6].  In this method, wavelet coefficients are modeled as a non Gaussian model.  

[7] Presented an algorithm for the speckle reduction in Ultrasound imaging. 

This algorithm works well for preserving image edges; however, it enhanced the 

edges by restraining diffusion crosswise edges. A Bayesian maximum 

aposteriori probability based wavelet thresholding method has been proposed in 

[8].  In this method, the noise free signal coefficient and the noisy coefficients 

are modeled by using symmetric normal inverse Gaussian and Gaussian 

distribution.  By using this modification a threshold value is acquired for 

denoising the speckle Ultrasound images. 

Nowadays, fuzzy techniques are used in different areas but they are widely used 

for removing speckle noise in synthetic aperture radar images and medical 

images.  These techniques can efficiently handle the ambiguity and vagueness 

present in the images.  Fuzzy logic can easily manage the human information as 

fuzzy if then rules.  The filters based on fuzzy rules are providing an alternative 

solution for the classical logical system [9].  Most of the fuzzy-based filters are 

used to remove impulse noise in digital images. An adaptive fuzzy filter for 

impulse detection has been introduced by [10].  Fuzzy two-step filter and fuzzy 

impulse noise detection and reduction method are proposed in [11, 12] for 
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impulse noise pixels.  Different fuzzy technique based methods have been also 

developed for speckle noise images.  Fuzzy logic based speckle reduction in 

synthetic radar images has been proposed by [13].  However, this technique is 

suitable only for filtering noise in homogeneous regions.  Mean and median 

based triangular fuzzy filters have been developed in [14, 15].  However, these 

mean and median-based filters are not performs well in case of edge 

preservation. Local gradient based fuzzy filter is introduced in [16] for 

enhancement of ultrasound images. This filter used fuzzy if -then rules for 

classifying the image pixels as edge, noisy and homogeneous regions. Though, 

this method takes a lot of iterations to establish the similarity window.  A non 

local means algorithm is proposed in [17] for Ultrasound images. In this 

technique, initially the noise free pixels are estimated by using maximum 

likelihood estimator. After that the non local means algorithm is applied for 

restoring the image details. Nevertheless, the optimization of noise variance 

parameters is difficult due the fact that these parameters are directly linked with 

exponential function in the proposed algorithm.  Topological derivative based 

algorithm has been developed in [18].  This proposed algorithm performs well 

for speckle reduction, but it takes much computational time for improving the 

contrast of the image.   

3. Proposed Method 

Different types of despeckling filters have been considered to remove noise in 

ultrasound images. But these filters are not able to differentiate edge facts, noise 

and to protect the significant details present in the image. This is the main 

drawback of these existing filters. Hence, a new algorithm based on fuzzy rules 

is proposed for speckle reduction in ultrasound images. Initially, the range of 

image pixel intensity values are normalized and then fuzzy rules are applied to 

the normalized image for classifying the image regions into three different 

regions such as low, medium and high affected regions. Finally, the proposed 

algorithm adaptively chooses the suitable filter for filtering the classified pixels. 

Normalization 

Normalization is a process that changes the range of pixel intensity values 

between [0,255].  Generally, high pixel intensity values of the normalized image 

correspond to the high affected or edge region and low pixel intensity values 

correspond to the low affected or homogeneous region.  Also the in-between 

values of the normalized image belong to medium affected or detail region.  On 

the basis of this principle, the noisy pixels belong to the normalized image are 

classified into high, medium and low. Let X (m, n) is an observed speckle noise 

ultrasound image with size P×Q. Then the normalization of X (m, n) is 

represented as N[X (m, n)] and is given by 

255

min
XmaxX

min
Xn)X(m,

n)]N[X(m, 



  

Where, Xmax and Xmin are the maximum and minimum intensity values of the 
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original observed image. X (m, n) is the intensity value of the pixel (m, n). 

Defining Membership Functions 

During the process of image filtering, the noisy pixels cannot be removed, as it 

is widen over all in an image.  Hence, the degree of membership has been 

defined in a fuzzy system by using the fuzzy membership function.  Gaussian 

membership function is one of the most used membership function in 

ultrasound images.  So, it is used to map the normalized image into the fuzzy 

domain.   

3.and1,2k,
2σ

)r(z
exp(z) 2

k

2

k
k

mf
μ 







 


 

In the above equations, µk
mf is the fuzzy set for the group of pixels with size 

K×K. rk and σk
2 are the mean and variance of three different regions in the noisy 

image. Next, the threshold values p, q, r are calculated for defining three 

different regions such as high, medium and low. The values of p, q, and r are 

given by 

 
Figure 1: Fuzzy Membership Function 
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Where  p = maximum intensity value of   nm,XN  

r = maximum value of    ,nm,XNG G is the gradient value. 

q = 
2

rp
 

The threshold value ‘p’ is determined by the concept that the low pixel intensity 

values correspond to uniform or the low affected region. Note that the gradient 

calculation is effective in differentiating edges. So the value of ‘r’ is determined 

by the gradient of the normalized image. The threshold ‘q’ is determined as the 
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mean of p, r. Hence, the variation in threshold values and classification of noisy 

pixels were depends upon the various levels of noise included in the image. 

Figure 1 shows the fuzzy membership function for the low, medium and high 

regions. Table 1 and figure 2 gives the computed threshold values and fuzzy 

membership function for pepper and boat in lake images for 0.7 noise level.  

Table 1: Threshold Values for the Gaussian Membership Function 

 

 

Figure 2: Fuzzy Membership Function (a) Pepper Image (b) Boat in Lake Image 

Fuzzy Rules for Classification of Noisy Pixels 

Fuzzy rules are used for classification of the noisy pixel as high, medium and 

low affected region.  ‘Large’ and ‘Small’ denotes the membership function 

degree in each class. The rules are defined as follows. 

     3

mf

2

mf

1

mf1 μSmall.μLarge.μLargeFR   

     3

mf

2

mf

1

mf2 μSmall.μSmall.μLargeRF   

     3

mf

2

mf

1

mf3 μLarge.μSmall.μSmallRF   

     3

mf

2

mf

1

mf4 μLarge.μLarge.μSmallRF   

     3

mf

2

mf

1

mf5 μSmall.μLarge.μSmallRF 
 

In the above rules, the product inference mechanism is employed to recognize 

the fuzzy reasoning. The use of fuzzy rules is reduced to five for ignoring the 

computational complexity of the proposed method. Within this rules, the 

proposed technique efficiently differentiate the noisy pixels as three different 

regions. The following three cases are continued after obtaining all FRm, m=1, 

2, 3, 4, 5. 

Filtering Process for Classified Pixels 
Case (i) 

If FR2 occurs, the noisy pixel present in the homogeneous or low affected 

Image Noise level Parameter 

p q r 

Pepper 0.7 0.0874 0.1647 0.3213 

Boat in lake 0.7 0.0854 0.1687 0.3416 
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region.  A smoothening filter is simply enough for filtering the pixels which are 

classified as homogenous.  It takes the average value of pixels in a window of 

size    12M12M   and is given by  

2

M

Mv

M

Mu

1)(2M

v)]nu,N[X(m

n)F(m,






   

Where m is an integer. 

Case (ii) 

If FR1, FR5 occurs, the noisy pixel present in detail or the medium affected 

region.  An average filter is not sufficient for filtering the pixels which are 

differentiated as detail.  Because the image structural facts were required to be 

protect.  Hence, the standard median filter is defined for the window of size 

   12M12M   and is given by  

 v)nu,N(mMEDn)F(m,   

Where M is an integer and –M ≤ (u, v) ≤ M.   

Case (iii)  

If FR3, FR4 occurs, the noisy pixel present in the edge or high affected region.  

By using the fuzzy inference mechanism, the pixels with maximum intensity 

values are grouped as edges.  Hence, an efficient filter is required for filtering 

the noisy pixel and for edge preservation without changing the unique fact of 

the image.  A modified adaptive weighted filter is designed and denoted by 

  

 
   n)X(m,Nn)W(m,nW(m,1

vnu,mW

v)nu,W(mvnu,mXN

n)F(m,
M

Mv

M

Mu

M
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M
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Where,  n)X(m,N  and   vnu,mX   are the centre pixel and its 

neighboring pixel in a window of size    12M12M  , n)W(m,   

Represents the weight corresponds to every pixel in that window. Finally, we 

obtained the denoised image n).(m,F̂   

Algorithm for the Proposed Method  

Classification of noisy input pixels 

(i) Compute normalization   nm,XN  for the observed n)X(m, of size 

P×Q.  

(ii) Calculate the threshold values p, q, and r.   

(iii)Compute membership function degree μ
K

mf
 to three different regions.   

(iv) By using fuzzy rules, classify the pixels in fuzzy domain as low, medium 

and high effected regions.   
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Filtering process for classified pixels  

(v) For r = 1: P  

{ 

        For s = 1: Q 

        { 

if   nm,XN in the low affected region 

    { 

  
 2

M

Mv

M

Mu 12M

vsu,rXN
s)F(r,




 



 

     } 

else if   nm,XN  in the medium affected region  

    { 

  v)su,rNMEDs)F(r,   

     } 

else if   nm,XN  in the high affected region  

    { 

   
   s)X(r,Ns)W(r,s)W(r,1

v)su,W(r

vsu,rWv)su,X(rN

s)F(r,
M

Mv

M

Mu

M

Mv

M

Mu 















     } 

          } 

 } 

(vi) Obtain the denoised image n).(m,F̂  

 

 

(a)   (b)     (c) 

Figure 3: (a) Noise Free Pepper and Ultrasound Fetal Image, (b) Noisy 

Image of Noise Standard Deviation 0.5 and (c) Denoised Image Obtained by 

using Proposed Method 
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4. Experimental Results 

The proposed images were adopted as the trial images with 50% speckle noise. 

The performance of the proposed method fuzzy based speckle noise reduction 

method is implemented in MATLAB12 and experimental results are presented. 

The well-known pepper image and ultrasound fetal image is evaluated by the 

following parameters such as the signal to noise ratio (SNR) and Structural 

Similarity Index Measure (SSIM) and is given as 

SNR = 10 log10 








D

N




 

SSIM =               




















 

nmFnmxNSnmFnmxNCnmFnmxNl ,,,.,,,.,,,  

Here, N denotes the variance of noise free input image, and 
D denotes the 

variance of the error in the denoised image ie., D =     nmFnmxN ,,


 .  Also, 

S   , C    and  l  are comparison functions of structure components, contrast, 

and luminance of the two images respectively. For more detail about SSIM, the 

reader is referred to [19].  Figure 3 shows the speckle noise removal ability of 

the proposed method when the standard deviation of the noisy image is equal to 

0.5.In order to evaluate the capability of the proposed method, the experimental 

results were compared with different despeckling methods. The table 2 and 

table 3 show that the proposed method performs well than the other existing 

methods in terms of SNR and SSIM. 

Table 2: Comparison of SNR Values for Various Despeckling Methods 

Noise level/Method 
SNR 

 =0.1  = 0.2  = 0.4  = 0.8 

Noisy image 52.86 38.74 25.16 13.92 

LEE Filtering Method 69.86 64.57 54.26 42.78 

Anisotropic Diffusion Method  61.75 57.22 45.72 37.36 

Fuzzy Anisotropic Diffusion Method 63.13 60.76 43.28 32.67 

Non Local Means Method 63.56 61.84 47.18 37.63 

Bayesian Non Local Mean Based Method 72.66 63.28 52.34 41.69 

Proposed Method 75.36 69.25 57.32 47.38 

Table 3:  Comparison of SSIM Values for Various Despeckling Methods 

Noise level/Method 
SSIM 

 = 0.1  = 0.2  = 0.4  = 0.8 

Noisy image 0.4632 0.2383 0.1734 0.1125 

LEE Filtering Method 0.8917 0.7713 0.5032 0.3584 

Anisotropic Diffusion Method  0.8982 0.6312 0.5011 0.3250 

Fuzzy Anisotropic Diffusion Method 0.8256 0.6234 0.4358 0.2976 

Non Local Means Method 0.7974 0.6213 0.3690 0.2074 

Bayesian Non Local Mean Based Method 0.8995 0.7421 0.4977 0.3472 

Proposed Method 0.9932 0.7957 0.5576 0.3981 
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Figure 4 and figure 5 shows the comparison of SNR and SSIM values for 

various despeckling methods with different noise levels.  

 Noisy image

 LEE Filtering Method

 Anisotropic Diffusion Method 

 Fuzzy Anisotropic Diffusion Method

 Non Local Means Method

 Bayesian Non Local Mean Based Method

 Proposed Method
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Figure 4: Graphical Representation of Comparison of SNR Values between 

the Proposed Method and other Existing Methods at Different Noise Levels 
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Figure 5: Graphical Representation of Comparison of SNR Values Between 

the Proposed Method and other Existing Methods at Different Noise 

Densities 

5. Conclusion 

In this paper, fuzzy based speckle noise reduction algorithm for ultrasound 

images is presented. The proposed algorithm has two levels. By using fuzzy 
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rules, the normalized image areas are classified into three different regions in 

the first level. In the second level, for each different region, suitable filtering 

technique has been applied and despeckling image is achieved. Experimental 

results show that the proposed method performed well than the other existing 

methods in terms of SNR and SSIM. 
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