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Abstract
In medical image processing, image denoising has become 
a very essential exercise all through the diagnose. Medical 
image are usually corrupted by noise in its acquisition & 
transmission. Speckle noise is a random interference pattern 
formed by coherent radiation in a medium containing many 
sub-resolution scatterers. Speckle has a negative impact on 
ultrasound images as the texture does not reflect the local 
echogenicity of the scatterers. In this paper M-band discrete 
wavelet transform (MDWT) and Wiener filter for speckle 
noise suppression of ultrasound images is used. Assuming 
multiplicative model for speckle noise, by applying logarithmic 
transform to noisy observation multiplicative noise is converted 
to additive one. Further speckle noise is reduced by taking 
the M-band wavelet transform of log-transformed observation 
and employing an adaptive thresholding technique. In order 
to improve the performance of this denosing approach, a 
preprocessing stage which exploits Wiener filtering is proposed. 
Through this stage log transformed observation is separated 
into two images, each of which is than denoised individually 
in M-band wavelet transform domain. This procedure is also 
used for Gaussian noise and salt & pepper noise. 
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I. Introduction
The main objective of image denoising is necessary to remove 
such noises while retaining as much as possible the important 
signal feature. Ultrasonic imaging is a widely used medical 
imaging procedure because it is economical, comparatively 
safe, transferable, and adaptable. Though, one of its main 
disadvantages is the poor quality of images,which are affected 
by speckle noise. Speckle is a particular kind of noise which 
occurs in images obtained by coherent imaging systems like 
ultrasound. Salt and pepper noise is caused by errors in data 
transmission and is a special case of data dropout noise 
when in some cases single, single pixels are set alternatively 
to zero or to the maximum value, giving the image a salt and 
pepper like appearance. Gaussian noise arises in image due 
to factors such as electronic circuit noise and sensor noise 
due to poor illumination and/or high temperature. Speckle 
noise is a multiplicative noise while other noises are additive 
noise. Conventional speckle suppression methods are based 
on temporal averaging [1] and median filtering. The adaptive 
weighted median filter [2] can reduce speckle but it does not 
preserve useful details such as edges of the image properly. 
Homomorphic wiener filter [3] uses logarithmic transfer to 
separate the noise from original image and then apply wiener 
filter in order to reduce the speckle. In recent years wavelet 
transforms have been used as the powerful tools for noise 
removal applications. Noise can be reduced by applying linear 

filtering schemes such as the moving average filter, but this 
will blur the boundaries. Hence nonlinear filtering schemes are 
proposed [4,5]. Proposed a wavelet based Bayesian method 
in which alpha-stable distribution is used to model the wavelet 
coefficients of ultrasound noise free images.

In this paper wiener filter and thresholding in discrete wavelet 
transform domain for despeckling of ultrasound image is used. 
For speckle noise the log of image is first obtained this converts 
the multiplicative noise in to additive noise. And then Wiener 
filter generate two images first Image is the output of wiener 
filter and second image is obtained by subtracting first image 
from the log transformed observation. Both the images are 
denoised using an adaptive noise reduction method. In order 
to get the resultant image both the images are added together 
and take the exponentional function. For Gaussian and salt & 
pepper noise there is no need of log function because these 
are additive noise.

II. Methodology

A. For Speckle Noise
The procedure is that the log-transformed observation N’ is 
decomposed using MDWT and then non-linear thresholding 
of coefficients in this domain is done to suppress the speckle 
noise. By taking the inverse of MDWT and then inverse of 
logarithmic transform the despeckled image is obtained.
Speckle noise is a multiplicative noise. For speckle noise 
reduction Jain [6] presented a model for speckle noise as
 
N(x, y) = I(x, y) Є’(x, y) + Є(x, y)          (1)

The effect of additive noise is small as compared to multiplicative 
noise so the component Є(x, y) =0.The multiplicative noise can 
be converted in to additive by applying the logarithmic transform 
.The logarithmic transform of  Eq1  is given as

logN(x, y) =log I(x, y) + logЄ’(x, y)       (2)                  

N(x, y) is the noisy image, Є’(x, y) is the multiplicative noise, 
Є(x, y) is the additive noise and I(x, y) is the noise free image. 
Eq (2) can be written as  

N(x, y) =I(x, y) + Є’(x, y)       (3)

After doing denoising procedure, by applying the inverse 
of logarithmic transform a denoised version of the noisy 
observation is obtained. This framework of denoising is known 
as homomorphic filtering. 
Speckle noise provides more effect on ultrasound images as 
compared to other noises. The block diagram representation 
of algorithm is shown in Fig. 1.
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Fig. 1: Block Diagram Representattion of Algorithm

The algorithm is as follows
(1) Image N’ is obtained by taking the logarithmic transform 
of image N. logarithmic transform is used to convert the 
multiplicative noise in to additive noise.
(2) Wiener filter generate two images S1 and S2 .Image S1 is 
the output of wiener filter and S2 is obtained by subtracting 
image S1from N’.
(3) Each of image is decomposed in to into J scales using 
2-dimensional MDWT.
(4) Perform an adaptive denoising method on coefficients of 
images S1 and S2 to suppress the noise.
(5) Image S1’and S2’ is obtained by taking inverse of MDWT 
the denoised versions of S1and S2.
(6) add S1’ and S2’
(7) Apply the inverse of logarithmic transform to the resulted 
image so as to obtain the final despeckled image

B. For Gaussian and Salt & Pepper Noise
Gaussian noise and salt & pepper noise are additive noise so 
there is no need of log function.
The algorithm is as follows
(1) Wiener filter generate two images S1 and S2 .Image S1 is 
the output of wiener filter and S2 is obtained by subtracting 
image S1from N.
(2) Each of images is decomposed in to into J scales using 
2-dimensional MDWT.
(3) Perform an adaptive denoising method on coefficients of 
images S1 and S2 to suppress the noise.
(4) Image S1’and S2’ is obtained by taking inverse of MDWT 
the denoised versions of S1and S2.
(5)addS1’andS2.

Fig. 2: Block diagram representation of algorithm

III. Results
This method is simulated and its performance is checked on 
the various images with speckle noise, Gaussian noise and 
salt &pepper noise. Ultrasound image (image1) is corrupted 
with speckle noise with density ranging from 5% to 30% these 
images are then subjected to filtering by the proposed scheme. 
The PSNR (dB), MSE and MAD is listed in table

Table 1: PSNR (dB), MSE and MAD

Ultrasound image is corrupted with Gaussian Noise with density 
ranging from 5% to 30%. This image is then subjected to filtering 
by the proposed scheme. The PSNR (dB), MSE, signaland MAD 
is shown in table

Table 2: PSNR (dB), MSE and MAD

Ultrasound image is corrupted with salt & pepper noise with 
density ranging from 5% to 30%. This image is then subjected 
to filtering by the proposed scheme. The PSNR (dB), MSE and 
MAD is shown in table

Table 3: PSNR (dB), MSE and MAD
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Fig. 3: Original Image

Fig. 4: Image with speckle noise 

Fig. 5: Filtered image

Fig. 6: Image with Gaussian noise

Fig. 7: Filtered image

Fig. 8: Image with salt & pepper noise

Fig. 9: Filtered Image

IV. Conclusion
In this paper wiener filter and thresholding in discret wavelet 
transform domain for despeckling of ultrasound image is used. 
For speckle noise the log of image is first obtained this converts 
the multiplicative noise in to additive noise. And then Wiener 
filter generate two images first Image is the output of wiener 
filter and second image is obtained by subtracting first image 
from the log transformed observation. Both the images are 
denoised using an adaptive noise reduction method. In order 
to get the resultant image both the images are added together 
and take the exponentional function. For Gaussian and salt & 
pepper noise there is no need of log function because these 
are additive noise.
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