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Abstract
Medical images are normally effected by noise due to various 
sources of interferences and other phenomena that affect the 
process of measurement in an imaging and acquisition system. 
Speckle noise is a random mottling of the image with bright and 
dark spots, which destroys fine details , degrades the  quality of 
image and detect ability of low-contrast lesions. Speckle noise 
occurrence is often undesirable, since it  badly affects the tasks 
of human interpretation and diagnosis. On the other hand, its 
texture carries important information about the tissue being 
imaged. Speckle removal is thus a critical pre-processing step 
in medical ultrasound image, so that the features of interest 
for diagnosis are not lost. In ultrasound images, the speckle 
energy is comparable to the signal energy in a wide range of 
frequency bands. Several speckle reduction techniques are 
applied to ultrasound images in order to reduce the noise level 
and improve the visual quality for better diagnoses. .. In the 
proposed method we use a three layer feed forward neural 
network and its optimization is done  with particle swarm 
optimization to change the weights  to achieve minimum 
mean square error in the image.. By means of experimental 
results it has been shown that the present method yields far 
better results than the already existing methodes. For the 
image quality performance measure we used mean square 
error (MSE) and  Peak signal-to-noise ratio (PSNR), as they are 
better measurements for speckle noise. 
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I. Introduction
Speckle is a characteristic phenomenon in laser, synthetic 
aperture radar images, or ultrasound images. Its effect is a 
granular aspect in the image. Speckle is caused by interference 
between coherent waves that, backscattered by natural 
surfaces, arrive out of phase at the sensor [15, 17]. Speckle can 
be described as random multiplicative noise. It hampers the 
perception and extraction of fine details in the image. images 
in order to reduce the noise level and improve the visual quality 
for better diagnoses. Several methods have been proposed 
for speckle reduction. We chose to enhance the ultrasound 
image using statistical models for both noise and signal. Over 
the past decade, there has been considerably interest in using 
wavelet transform as an efficient method for speckle noise 
reduction [6]. Zong et al. [7] use a logarithmic transform to 
separate the noise form the original image. Simoncelli et al. 
[8] developed nonlinear estimators, based on formal Bayesian 
theory, which outperform classical linear processors and simple 
thresholding estimators in denoising natural images. Achime 
et al. [9,10] developed a maximum a posterior (MAP) estimator 
for ultrasound images by assumed an alpha stable prior for the 

signal. Perona & Malik [11] proposed the anisotropic diffusion 
method that diffusion has large value in the area which has 
small variance of intensity, and the contrary, has small value 
in the large variance of intensity. Yu [12] made SRAD (speckle 
reducing anisotropic diffusion) method based on partial 
differential equation. Perona & Malik and SRAD are also edge 
sensitive diffusion for images corrupted with additive noise. 
Most of these techniques referred above assume that after the 
log transform, the speckle can be approximated by zero mean 
additive Gaussian noise, and estimators/filters are designed 
accordingly. But, it is shown that the main drawback of wavelet 
transform algorithm stem from considering the log transformed 
noise to be white Gaussian noise (WGN). In this paper, we 
proposed  a new technique using  feed forward neural networks  
and particle swarm optimization for speckle noise reduction 
in ultrasonic image .By means of experimental results it has 
been shown that the present method yields far better results 
. For the image quality performance measure we used mean 
square error (MSE) and  Peak signal-to-noise ratio (PSNR), as 
they are better measurements for speckle noise.  

II. Proposed Method
This paper proposes a method for reduction of  the speckle 
noise and enhanced boundary of a tumor in the medical 
ultrasound images.  A feed forward   neural network  is designed 
which is optimized using back propagation algorithm and then 
with particle swarm optimization techniques The experimental 
results show effectiveness of proposed method using  particle 
swarm optimization techniques  to boundary enhancement and 
the speckle noise reduction of medical ultrasound image.  Then 
the results of back propagation and  partial swarm optimization 
techniques are then compared.The detail steps of the proposed 
method  are furnished below: 

Step 1(Initialization)
Create a fully connected initial ANN architecture. The number 
of neurons in the input and output layers are same as the size 
of the input and output vectors of the problem datasets. The 
numbers of hidden neurons are taken arbitrarily. All the weights 
are initialized randomly within a certain range and the biases 
are assigned to a fixed real value.

Step 2 (training using PSO)
In this  step PSO starts for finding optimized weight matrices. 
Here more solution spaces  are generated using standard PSO 
approach. Therefore it tried to select the best candidate solution 
that can produce better performance and can avoid local 
minima. To update the parameters (pbest and gbest) of PSO  
PSO can attain better solution and maintaining generalization 
property. To select any updated solution, it uses two different 
fitness functions to get better solution and avoiding over fitting. 
Thus this step determines the optimized weight matrices of 
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ANN Fig below shows a concept of modification of a searching 
point by PSO.

Fig. 1: Concept of Modification of a Searching Point by PSO.

sk : current searching point,
sk+1 : modified searching point,
Vk : current velocity, Vk+1 : modified velocity,
Vpbest : velocity based on pbest
Vgbest : velocity based on gbest
The general flow chart of PSO can be described as follows:
Step. 1 Generation of initial condition of each agent
Initial searching points (si0) and velocities (vi0) of each agent 
are usually generated randomly within the allowable range. The 
current searching point is set to pbest for each agent. The best 
evaluated value of pbest is set to gbest and the agent number 
with the best value is stored.
Step. 2 Evaluation of searching point of each agent
The objective function value is calculated for each agent. If the 
value is better than the current pbest of the agent, the pbest 
value is replaced by the current value. If the best value of pbest 
is better than the current gbest, gbest is replaced by the best 
value and the agent number with the best value is stored.
Step. 3 Modification of each searching point
The current searching point of each agent is changed using 
(1)(2)(3).
Step. 4 Checking the exit condition
The current iteration number reaches the predetermined 
maximum iteration number, then exit.
Otherwise, go to step 2.
Fig below shows the general flow chart of PSO.

Fig. 2 A general flow chart of PSO.  

Step 3:- After training the ANN with  PSO the performance of 
the architecture is measured on the basis of  PSNR& MSE

III. Results
Here we present performance of the proposed method  for 
optimization of artificial neural networks. The methods 
described here were applied on different ultrasound images. 
We used  artificial neural networks for speckle noise reduction 
in the images and we used  particle swarm optimization for 
training of neural networks Results obtained with the proposed 
method are given below. Given below are the Ultrasonic noisy 
images and noise free image.

Fig. 3:  Input image 1(Noisy)

Fig. 4: Target Image 1(Noise free)

Fig. 5: Input image 2 (noisy)                                   

Fig. 6: Target image 2 (Noisefree)
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Fig. 7: Simulation results depicting  the error with respect to 
number of iterations obtained after training ANN with PSO for 
input image 1

Fig.  8:  Images obtained for ultrasonic image speckle reduction 
after training ANN with PSO algorithm for input image 1

Fig. 9: Simulation results depicting  the error with respect to 
number of iterations obtained after training ANN with PSO for 
input image 2

Fig. 10: Images obtained for ultrasonic image speckle reduction 
after training ANN with PSO algorithm for input image 2

Meanwhile, the result of the proposed algorithm given in Fig. 
9 and Fig. 10 shows that speckle is efficiently reduced and 
structures are enhanced with almost no loss or noticeable 
artifact. It seems that the artificial neural network performs 
like a feature detector, retaining the features that are clearly 
distinguishable in the speckled data but cutting out anything 
which is assumed to be constituted by noise. After getting the 
images with both the algorithms the statistical parameters   
MSE  and  PSNR are calculated with the following Algorithm 
Step 1- Difference of noisy image and noiseless image is 
calculated using imsubract command.
Step 2- Size of the matrix obtain in step 1 is calculated.
Step 3- Each of the pixels in the matrix obtained in step is 
squared.
Step 4- Sum of all the pixels in the matrix obtained in step 3 
is calculated.
Step 5- (MSE) is obtained by taking the ratio of value obtained 
in step 4 to the value obtained in the step 2
Step 6- (RMSE) is calculated by taking square root to the value 
obtained in step 5.
Step7- Dividing 255 with RMSE, taking 1og base 10 and 
multiplying with 20 gives the value of PSNR. 
The results obtained using the above algorithm is given below 
in Tables 1 

Table 1: Image enhancement measures obtained using Back
Test Image MSE PSNR
Input Image 1 24.4 30.2
Input Image 2 27.3 40.9

Propagation and PSO  Algorithm for training of ANN for Speckle 
reduction in ultrasonic image 

Depending on the original image, the test value and the 
evaluation are not always correlated with the impression of 
quality of a subjective observation.     

IV. Conclusions
We presented an ultrasound image enhancement algorithm 
using artificial neural networks. In ultrasound images the 
speckle energy is comparable to the signal energy in a wide 
range of frequency bands. So it is not easy to discriminate 
speckle from the signal by only using different filters. In the 
proposed algorithm, to discriminate speckle from the signal, 
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we  try to obtain minimum mean square error by training 
the neural networks with Particle swarm optimizatio . The 
experimental results show that the particle swarm Optimization 
algorithm considerably improves the subjective image quality 
without generating any noticeable artifact, and provides 
better performance compared with the existing enhancement 
schemes. Our algorithm was tested and found to be effective 
for an exact matching of the signal and noise distributions 
at different scales and orientations. Finally, we note that our 
algorithm could be easily adapted for the purpose of denoising 
other types of biomedical images. 
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