
1 INTRODUCTION 
The presence of speckle noise in ultrasound im-

ages is common and strongly interferes in detecting 
and analyzing the anatomical structures in these im-
ages. The main type of noise found in ultrasound 
images appears due to the overlapping and deviating 
of the sound waves emitted and received by the ul-
trasound sensors. Hence, the study of techniques to 
reduce this type of noise is important as it allows the 
understanding of the corrupted images more effi-
ciently. 

Several computational image processing tech-
niques have been proposed to remove image noise, 
including techniques based on Gaussian filters [1, 
2], differential equations [3, 4, 5, 6] and multi-
resolution processing [7]. Usually, the speckle noise 
is more complex to be removed than Gaussian noise; 
for this reason, it is common to represent the speckle 
noise as additive noise. Thus, there are various 
works that try to remove speckle noise based on ap-
proaches originally developed to smooth images af-
fected by additive noise. 

Here, a novel selective smoothing method for im-
ages affected by speckle noise is proposed. The 
method uses the radiation intensity of the pixels of 
the image to be smoothed, and tries to find the pixels 
that belong to potential contours in order to perform 
a selective image smoothing using average filters 
with different intensities. 

This paper is organized as follows: the proposed 
smoothing method is described in the next section, 
the experimental results and their discussion are pre-

sented in section 3, followed by the final considera-
tions in the last section. 

2 PROPOSED METHOD 
The new denoising method is based on selective 

average filtering of the input image using average 
filters, and defines the intensity addressed by each 
filter according to the radiation accumulated by each 
image pixel from its neighbor pixels. 

The method starts the noise removal process by 
weakly smooth the input image using an average fil-
ter with a 3x3 convolution window, which avoids 
the loss of important details presented. In the next 
step, the radiation intensity received by each image 
pixel is computed by summing all interferences 
caused by the neighbor pixels, using the following 
equation:  
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where iI  is the pixel i  of image I  and mT  is a regu-
lating term. The radiation intensity is computed in a 
circular region of radius r , which starts with value 

equal 1 (one) and grows until 
2
w  pixels, where w  is 

the width of the input image. In this computation, 
only are considered the radiations associated to the 
neighbor pixels at the same line, column and diago-
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nals of iI . As such, the influence of other neighbor 
pixels is discarded since it does not affect considera-
bly iI  in the main directions and so the computation 
cost can be reduced. 

After calculating the radiation affecting each pix-
el of the original image, the method tries to estimate 
the pixels with high probability to be noise in order 
to perform a stronger smoothing at those pixels. 
From our study, we have concluded that pixels re-
ceiving positive radiations have higher probability to 
be affected by noise or to belong to homogeneous 
regions. So, a stronger smoothing is performed at 
those pixels using an average filter with a 25x25 
convolution window. 

3 EXPERIMENTAL RESULTS AND 
DISCUSSION 

To verify the efficiency of the method proposed, 
tests were performed using a set of synthetic images 
built using the computational simulator Field II [8, 
9] and a set of real images acquired using a com-
mercial medical ultrasound scan. 

Initial tests were performed using a set of synthet-
ic images, and the smoothed images were compared 
against the original ones by computing the MSSIM 
(Mean Structure Similarity Index Map) and ENL 
(Effective Number of Looks) indexes. It should be 
noted that the smoothing results are superior as the 
MSSIM and the ENL indexes are higher. In Figure 
1, the results of smoothing one synthetic image that 
was submitted to ultrasound imaging simulation us-
ing Field II are presented. Comparing the resultant 
images and the index values, it can be realized the 
efficiency of the proposed method. 

In a second test, some real ultrasound images 
were processed by the same smooth methods used in 
the first test, and the ENL index was adopted to 
measure the quality of the resultant images. As indi-
cated in Figure 2, the ENL index value is higher for 
the proposed method, which means that the method 
achieved a superior smoothing. 

The depicted regions in the images presented in 
Figures 1 and 2 (surrounded by the white rectan-
gles), allow to confirm visually that the proposed 
method was able to perform a strong smoothing in 
the homogeneous regions, making these regions 
more similar than the regions with relevant structure 
borders. Hence, the results confirm that the de-
noising method proposed removes successfully 
speckle noise in ultrasound images, being restored 
the homogeneous regions and preserved the contours 
presented. 

 
Original Image 

(before the ultrasound 
imaging simulation) 

 
Input Image Average 3x3 Filter  

  
ENL = 15.1275 ENL = 35.4988 

MSSIM = 0.3021 MSSIM = 0.4404 
  

2D-Bilateral Filter Proposed Method 

  
ENL = 66.1123 ENL = 87.1674 

MSSIM = 0.6112 MSSIM = 0.6250 

Figure 1: Results obtained using the average filter with a 3x3 
convolution window, 2D-Bilateral Filter, and the denoising 
method proposed, applied on a synthetic image. The image 
quality indexes indicated in bold identify the method that 
achieves the best result. 
 

Input Image Average 3x3 Filter 

  
ENL = 16.6086 ENL = 19.5774 

  

2D-Bilateral Filter Proposed Method 

  
ENL = 24.8887 ENL = 26.1467 

 

Figure 2: Results obtained using the average filter with a 
3x3 convolution window, 2D-Bilateral Filter, and the de-
noising method proposed, applied on an ultrasound image. The 
image quality indexes indicated in bold identify the method 
that achieves the best result. 



 
In Figure 3, five images randomly selected from a 
real ultrasound image sequence and the correspond-
ent images smoothed by the proposed method are 
shown. 
 

Input Image Proposed Method 

  

  

  

  

  
Figure 3: Results obtained using the proposed denoising 

method applied in real ultrasound images. 
 

4 CONCLUSIONS 

A novel method to smooth images affected by 
speckle noise, which is based on average filters to 
perform selective smoothing, was proposed. Exper-
imental tests were accomplished using simulated and 
real ultrasound images in order to study the efficien-
cy of the denoising method proposed in reducing the 

interferences caused by speckle noise on this kind of 
images. The results demonstrated that the method 
proposed is promising and efficient, as was con-
firmed by the image quality indexes computed. 
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