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Abstract: An improved algorithm for denoising ultrasound image is proposed in this paper.
Generally, ultrasound image is affected by multiplicative noise called speckle noise. Removal or
reduction of speckle noise is highly essential in the disease diagnosis process. This paper added
the features of statistical modeling in soft thresholding to develop an improved denoising
method. Thresholding the wavelet coefficients require threshold value and in this paper the
threshold value is calculated by modeling the wavelet coefficients. The heavy-tailed wavelet
coefficients are modeled using a suitable Cauchy probability density function (PDF) to estimate
the signal and noise variance information of the wavelet coefficients. Performance parameters
such as Peak Signal-to-Noise Ratio (PSNR), Structural Similarity (SSIM) and Edge Preservation
Index (EPI) are used in this paper to evaluate the efficacy of the proposed method. From the
simulation results it is found that the proposed denoising method has achieved improved results

than the state-of-the-art methods.
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1. INTRODUCTION

Ultrasound images are contaminated by speckle noise which results the degradation of image
quality and it affects the disease diagnosis processes. So, in medical image processing, an image

denoising process is highly required.

In literature several filtering approaches have been implemented by authors for reducing speckle
noise from ultrasound images. These filtering approaches can be broadly categorized in to three
sections. They are algorithmic, transform, and statistical modeling approaches. Algorithmic
approaches include Adaptive median [1], Bilateral filtering [2], Rotating kernel transformation
[3], Non-local mean filter [4] and Anisotropic diffusion filter [5, 17]. Transform approach
involves filtering using wavelet transform [6], Contourlet transform [7], and Curvelet transform

[8]. Statistical modeling approached filters are designed by utilizing the statistical behavior of the
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noise and signal. Filters based on algorithmic approach suffer from limitations like loss of
structural details and high computational complexity. Filters based on transform approach suffer
from determination of accurate threshold value. Statistical modeled filters are generally

depending on the choice of prior and estimator [9, 18].

Wavelet thresholding filter is a common type of wavelet-based filter. The basic steps of this type
of filters involve generation of wavelet coefficients, modification of wavelet coefficients and
recovering of image from the modified wavelet coefficients. For modifying the wavelet
coefficients, a threshold value is required and the denoising efficiency depends on the threshold
value. Soft and Hard thresholding methods are widely used by the researchers and have been

proved more promising in removing the multiplicative noise.

This paper applies soft thresholding to the logarithmic transformed wavelet coefficients and the
thresholding value is found out by modeling the wavelet coefficients statistically. The
organization of the paper is as follows. Section 2 discusses about homomorphic approach,
Cauchy PDF, statistical modeling of wavelet coefficients and Soft thresholding. Section 3 gives
the denoising methodology. Simulation results are elaborated in section 4 and conclusion is

given in section 5.

2. BACKGROUND

This section discusses the preliminaries of the proposed denoising method. Homomorphic
approach which is used as a process for converting the speckle noise into white Gaussian noise is
discussed in this section. Cauchy PDF which is used for modeling the wavelet coefficients is

discussed. Soft threshold methodology is also discussed in this section.

2.1 Homomorphic Approach

The basic steps of homomorphic approach are logarithmic (LOG) transformation and
exponential (EXP) transformation. This approach decomposes the multiplication response as

given below [10]:

P(m(0)n(t)) = P(m(t)) + P(n(t)) ()

P defines homomorphic system and is logarithmic in nature. A homomorphic system is shown in
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Fig. 1:
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Fig. 1: Homomorphic system
2.2 Cauchy PDF

A highly suitable probability density function is required for estimating the noise-free wavelet
coefficients. This paper utilizes Cauchy PDF for modeling the wavelet coefficients due to its
long-tail structure. Assuming X as a Cauchy random variable, Cauchy PDF and cumulative
distribution function (CDF) are defined by the following expressions [11]:

b

foo=1_" )

7w (x—m)2+b2
1 1 X—m
F(x) = > + ;tan—l (T) (3)

Where m is the location and b is the scaling parameters. The PDF and CDF graphs are shown in
figures 2 and 3 respectively.
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Fig. 2: Cauchy PDF for different values of scaling parameters
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Fig. 3: Cauchy CDF for different values of scaling parameters

2.3 Statistical Modeling of Wavelet Coefficients of Ultrasound Image

Wavelet coefficients are generated from the logarithmic transformed ultrasound image are
modeled using Cauchy PDF to find out the signal and noise information. The distribution of
wavelet coefficients in the approximation sub-band at level-1 is shown in figure 4. The noise-
free signal density is calculated from the detailed sub-bands. The noise density is calculated from

the diagonal detail sub-band of at level-1 [12].
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Fig. 4: Wavelet coefficient distribution in approximation sub-band at level-1
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2.4 Soft Thresholding

Soft thresholding procedure narrows the wavelet coefficients C whose values lies above the

threshold level. The soft thresholding function given by Zaki et al. [13] is:

0; IC| < tn

Softw ={ooncy 11c] = wl; Ic] > tn @

tr is the threshold value which is defines as:

of

th= " (5)

os

ofy is the variance of the noise and calculated from the diagonal sub-band coefficients at level-1
(D1). It is given by [14]:

median(D1) 2

¥ = 6745 ®)

os is the standard deviation of the noise-free signal defined by the fundamental theorem of
probability as:

os=Vez (17)

() is the expectation operation.
3. METHODOLOGY

The complete denoising procedure is explained through the following procedural steps and also

the explained through the block diagram given in the figure 5.

Step 1. Input ultrasound image.

Step 2. Application of homomorphic approach to the input ultrasound image.

Step 3. Application of discrete wavelet transform (DWT) to the image obtained from step?2.
Step 4. Calculation of threshold value.

Step 5. Application of soft thresholding to recover the wavelet coefficients.

Step 6. Application of Inverse discrete wavelet waveform (IDWT) to recover the image.
Step 7. Application of exponential operation (EXP) to the image obtained from step 6 to get

the noise free ultrasound image.
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Fig. 5: Block diagram of the proposed method

4. SIMULATION RESULTS

The proposed methodology is simulated in ultrasound image of size 344x289 [15] using
MATLAB environment. A third level db8 in Daubechies group is used for simulation. The
proposed method is compared with different state-of-the-art methods [16, 13] using different
parameters such as PSNR, SSIM and EPI. The qualitative comparison is shown in figure 6. From
this figure it is seen that the visual quality of the ultrasound image obtained by applying the
proposed method is better than the other state-of-the-art methods. The performance parameters

comparisons are given in tables 1, 2, and 3.

From tables 1, 2 and 3 it can be viewed that the PSNR (dB), SSIM and EPI values are better for
the proposed method than the state-of-the-art methods irrespective of the noise variance value.
The PSNR improvement of the proposed method is 10.42% and 8.22% than the Donoho’s Soft
threshold [16] and Zaki et al. [13] methods respectively for noise variance of 0.1. The SSIM
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improvement of the proposed method is 2.27% and 0.72% than the Donoho’s Soft threshold [16]

and Zaki et al. [13] methods respectively for noise variance of 0.1. The EPI improvement of the

proposed method is 3.21% and 1.99% than the Donoho’s Soft threshold [16] and Zaki et al. [13]

methods respectively for noise variance of 0.1.

Fig. 6: De-noising performance (a) Original image (b) Donoho’s Soft threshold method [19] (c)
denoising result with Zaki et al. [10] (d) proposed method.

Table 1. PSNR (dB) Parameter comparison for different methods

Noise Donoho’s | Zakietal. | Proposed
Standard Soft [13] Method
deviation | threshold

[16]
0.1 27.66 28.34 30.88
0.2 26.39 27.05 29.32
0.3 25.82 26.98 28.66
0.4 24.55 25.77 27.52
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Table 2. SSIM Parameter comparison for different methods

Table 3. EPI Parameter comparison for different methods

5. CONCLUSION

Noise Donoho’s | Zakietal. Proposed
Standard Soft [13] Method
deviation threshold

[16]
0.1 0.943 0.958 0.965
0.2 0.863 0.903 0.954
0.3 0.825 0.862 0.930
0.4 0.739 0.840 0.906

Noise Donoho’s | Zakietal. | Proposed
Standard Soft [13] Method
deviation | threshold

[16]
0.1 0.872 0.883 0.901
0.2 0.856 0.871 0.892
0.3 0.821 0.834 0.886
0.4 0.808 0.825 0.875

A speckle denoising technique using the improved soft thresholding was presented in this paper.

At first the speckle noise which is a multiplicative noise was converted in to additive noise by

using the logarithmic procedure. Further, multiresolution was applied to the image and resulted

wavelet coefficients were modeled using Cauchy PDF and Gaussian PDF to get the signal and

noise parameters. The threshold value was calculated from this information and further, the

wavelet coefficients were soft thresholder to obtain the updated wavelet coefficients. From the

comparison results it is seen that the proposed improved soft thresholding technique obtained

better result than the state-of-the-art methods.

In future the proposed method may be applied for other imaging modalities to enhance the

diagnosis results.
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