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Abstract—Ultrasound images are normally affected by
speckle noise which is due to the coherent nature of scattering
phenomenon. Speckle filtration is accompanied with loss of
diagnostic features. Despeckling techniques are to reduce the
speckle noise in Ultrasound images, provided that the structural
features and edges. This paper gives detailed information
regaurding discriminating power of the various multiresolution
based thresholding techniques i.e. Wavelet, curvelet for denoise
the image. Curvelet transform offer exact reconstruction, ease of
implementation, stability against perturbation, and low
computational complexity. Finally these two methods are
compared and the performance are verified by quality metric
analysis.
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1.  Introduction

Speckle noise suppression is a prerequisite for many
Synthetic Aperture Radar (SAR) image processing tasks.
Ultrasound images are high resolution images which would
get affected by speckle noise [1]. Image quality significantly
degrade by speckle noise and hence, makes it more difficult
for the observer to discriminate fine detail of the images in
diagnostic analyses. Speckle noise is a form of multiplicative
noise, so it makes visual Interpretation difficult. Speckle noise
degradation is more within bright areas rather than in dark
areas of an image. Linear and nonlinear methods are available
for noise removal [2]. One big advantage of linear noise
removal models (Mean, Median, and Winner) is the speed, but
a disadvantage of the linear models is that they are not capable
to preserve edges in a good manner. There are different
nonlinear filters such as Frost, Kuan, Lee etc. which are used
to suppress the speckle noise. The above filtering methods
would damage the image contents and also the original
resolution would get reduced. Multi resolution Wavelet
domain methods would overcome these problems [3].

The Discrete Wavelet Transform (DWT) has some
difficulties that undetermined its application in image
processing as poor directional selectivity and lack of shift
invariance. Wavelet transform fails to give sparse
representation along c? curve [4]. Wavelet effectively
represent discontinuities for one dimension signal. Significant
growth in the development of directional wavelets has been
made in latest years. The complex wavelet transform improves
directional selectivity and only requires O(N) computational
cost. But, the complex wavelet transform has not been widely
used in the past, because it is difficult to design complex
wavelets with perfect reconstruction properties and good Filter
characteristics. Another popular technique is the dual-tree
complex wavelet transform (DT CWT) proposed by
Kingsbury, which added perfect reconstruction to the other
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attractive properties of complex wavelets, six directional
selectivities, including approximate shift invariance, limited
redundancy and efficient O(N) computation[5]. The 2D
complex wavelets are essentially constructed by using tensor-
product 1D wavelets. The directional selectivity provided by
complex wavelets (six directions) is much better than that
obtained by the classical DWT (three directions), but is still
limited. Multi resolution curvelet transform would overcome
these problems. The denoised image performances are
evaluated using quality metrics like signal to noise ratio, figure
of merit etc.

. The Curvelet Transform

A new multi-scale transform curvelet is after 1999 which
is based on wavelet transform [5]. Curvelet tronsform’s
structural elements include the location and parameters of
dimension, and orientation parameter more, which let curvelet
transform has good orientation characteristic. That’s why
curvelet transform is superior to wavelet in the expression of
image edge, like geometry characteristic of curve and beeline,
which has already obtained good research results in image
denoising.

Curve-lets are initially introduced by Candes and Donoho.
The idea of the Curve-let transform is first to decompose the
image into sub-bands, i.e. to separate the object into a series of
disjoint scales[6]. The Discrete Curvelet transform (DCT)
takes as input a Cartesian grid of the form f(n1,n2) (We work
on ultrasound image so this f represent the 2D ultrasound
image and nl and n2 are number of rows and columns of that
image respectively) and the output coefficients CD( il K
defined by

CD(j,k,I) = E1-:1_1-12 f(nl.n2) (DDj,k,l (ny,ny)

Where (oDj,k‘. (ny,ny) are digital curvelet waveforms which
preserve the listed properties of the continuous curvelet. If we
compare the curvelet system with the conventional Fourier and
wavelet analysis, than short-time Fourier transform uses a
shape-Fixed rectangle in Fourier domain, likewise
conventional wavelets use shape-changing (dilated) but Fixed-
area windows [6]. Same way the curvelet transform uses
angled polar wedges or angled trapezoid windows in
frequency domain in order to resolve also directional features.

m. Image Denoising

Image De-noising is used to produce good estimates of the
original image from noisy observations. The recovered image
should contain less noise than the observations while still keep
sharp transitions (i.e edges) [7].
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Image de-noising techniques vary from simple thresholding to
complicate  model based algorithm. However simple
thresholding methods can remove most of the noise.
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Soft Thresholding is also called as a shrinkage threshold
involves first setting to zero the elements whose absolute
values are lower than the threshold and then scaling the
nonzero coefficients toward zero [1].

A. Speckle Suppression Algorithm X-0 X> o
Based on Transform Se()= 0 x| <0
X+ o X< o

The image denoising consists of various steps as follows,

1. Apply the Forward Wavelet\Curvelet transform to the
noisy image.

2. Hard Thresholding

where the wavelet coefficients are preserved if they are greater
than the threshold, otherwise they are set to zero

2. Threshold the Wavelet\Curvelet co-efficients to remove S.M= X K>o

some insignificant Wavelet\curve-let co-efficients by ¢ -

using a thresholding (Hard, Soft) function in the 0 [<o

Waveleticurvelet domain. Soft thresholding avoids spurious oscillations since it
3. Inverse Wavelet\Curvelet transform of the thresholded eliminates the discontinuity that is inherent in hard

co-efficients to reconstruct a function.

Threshold m'mm

Inverse
Wavelet\Curvelet
transform of the

thresholded function

Figure 1. Speckle Denoising Algorithm
B. Thresholding Function

The term Wavelet\curvelet thresholding is defined as
decomposition of the data of image into wavelet\curvelet
coefficients, comparing the detailed coefficients having a
given threshold value, and minimizing these coefficients close
to zero to remove the effect of noise in the data. Then image is
reconstructed from modified coefficients [8].

At the time of thresholding, a wavelet\curvelet coefficient
is compared to the given threshold and is set to zero if its
magnitude is less than the threshold otherwise, it is then
retained or changed depending on the thresholding rule [9].
Thresholding distinguishes between coefficients due to noise
and consisting of important image information [2]. The
threshold selection is an important point of interest. It plays an
important role in the removal of noise in the images because
image de-noising methods most frequently produces smoothed
images, by reducing the sharpness of the image. Care should
be taken to save the edges of the de-noised image. Typically
used methods for image noise removal include Suresh, Visu
and Bayes. In this paper we use Bayes Thresholding method.

1. Soft Thresholding (shrinkage threshold)
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thresholding. These thresholding functions might be a good
choice because large co-efficients remain nearly unaltered [1].
In partial reconstruction the image was reconstructed using the
few largest co-efficients and the remaining co-efficients were
set to zero.

c. Parameters to be compared

Following subsections describe some qualitative parameters
for evaluation of quality of de-noising methods in detail.

Mean Square Error (MSE)

MSE is widely used to find the total amount of differences
between the original and the de-noised image. lower and
Higher MSE values indicate smaller and larger differences
between the original and filtered image, respectively [10].
MSE is equal to zero for identical images. It is 255 for
completely dissimilar images. It is calculated as follows:

M N

1 G ARG
MSE = T ZIZ] (Xi5 —X{,)
=1 J=

Signal-to-Noise Ratio (SNR)

SNR is a common measurement to evaluate the speckle
reduction in the case of multiplicative noise by computing the
ratio between the original and the de-noised image. Higher
SNR values show that the filtering effect is better, and filtered
image quality is much higher.

Peak Signal-to-Noise Ratio (PSNR)

PSNR is measurement of the performance of the speckle noise
reduction. It is a ratio between the maximum possible power
of the signal and the noise image. The PSNR can be calculated

as follows [10]:
(2" —1)° 255%
A miiien /3] — ’ 0O, _
MSE 10og, ( .\I.S'I-.')

PSN R = 10log
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where MSE is a Mean Square Error computed between
original and de-noised image. Higher PSNR values correspond
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to a better image quality. For identical images, the MSE
becomes zero and the PSNR is undefined.

Speckle Index Ratio (SIR)

Sl is a measure of speckle reduction in terms of average
contrast of the image. If the value of Sl is lower than quality of
reconstructed image is good [10]. The Sl is defined as follows:

M N .
) | a(i,7)
‘b'] s - J

/

where o is Standard Deviation and p is mean value.

Image Quality Index (1QI)

It is a measure used to find the image distortion. It’s
mathematically defined by making the image distortion
relative to the reference image as a combination of three
factors: Luminance distortion, Loss of correlation and contrast
distortion. The best value 1 is achieved if and only if the
images are identical.

o, 2ff 20,0,

o-—L-.2LL_. 27

co; [+[ o, +0;
Mean SSIM

The luminance of the surface of an object being observed is
the product of the reflectance and the illumination, but the
object’s structures in the scene are independent of the
illumination [2]. To explore the structural information in an
image, we wish to separate the influence of the illumination.
Structural information in an image as those attributes that
represent the structure of objects, independent of the average
luminance and contrast. we combine the three comparisons of
and name the resulting similarity measure the SSIM index In
practice, one usually requires a single overall quality measure
of the entire image. We use a mean SSIM (MSSIM) index to
evaluate the overall image quality

MSSIM = ESSIM(X,Y))

where X and Y are the reference and the distorted images,
respectively; Xj and Yj are the image contents at the th local
window; and M is the number of local windows of the image.
Depending on the application, it is also possible to compute a
weighted average of the different samples in the SSIM index
map [2]. It has been observed that different image textures
attract human fixations with varying degrees.

Feature of Merit (FOM)

Researchers have considered the problem of measuring edge
detector performance. Actually, it is difficult because we don't
really know what the underlying features are that we wish to
detect. So, if we adopt that they are step edges corrupted by
Gaussian noise, then some criteria can be set for calculating
performance. Such criteria are usually the following:

o the probability of missing edges;
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e the probability of false edges;

e the error in estimating the edge angle;

e the mean square distance of the edge estimate from

the true edge; and

e the algorithm’s tolerance to distorted edges and other
The scientist Pratt introduce function FM for measuring
quantitatively the performance of various edge detectors. The
equation for measure is

1 la 1
FM = ,
max (Ia, 1) 1+d; o
1=
where 1, I, d, and o are respectively the ideal edges, the

detected edges, the distance between the actual and the ideal
edges, and a design constant used to penalize displaced edges.

iv. Experimental Results

Speckle noise is a multiplicative noise in nature and it is
difficult to remove. It mostly affects the Ultrasound images
and the image quality is degraded. We apply our
wavelet\Curvelet thresholding methods on two different
ultrasound images. Original Images are taken from Zydus
hospital, Anand, Gujarat, India.
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Figure 4. Soft Thresholding using
Curvelet Transform

Renal stone

Figure 3. Hard Thresholding using
Curvelet Transform
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Renal stone

Figure 6. Soft Thresholding using
Wavelet Transform

Renal stone

Figure 5. Hard Thresholding using
Wavelet Transform
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For remove the Speckle noise apply wavelet/curvelet/
transform to the noisy ultrasound image. In discrete wavelet
transform the decomposition level is 2. Then Wavelet\Curvelet
coefficients are estimated. Then apply the appropriate
threshold. The inverse wavelet\Curvelet transform is applied
to that estimated threshold coefficients to get the reconstructed
image. Figure 2 Shows the original ultrasound image-1 which
is degraded by speckle noise. Fig. 3 shows the results of
Ultrasound image denoising through curvelet hard
thresholding filtering. Figure 5 indicate denoised image after
Wavelet hard thresholding filtering. Figure 4 and Figure 5
represent soft thresholding method using curvelet and wavelet
transform simultaneously.

Practically, observing at the figures the soft method is
much enhanced and yields more visually pleasant images. This
is because the hard method is discontinuous and yields abrupt
artifacts in the images recovered. And the second observation
is for edges. Curvelet transform much preserve the edges of
the ultrasound image rather than the wavelet transform.

Figure 7 is another kidney stone ultrasound image.
We can easily see that because of the speckle anyone can not
exactly calculate the exact size of the stone. Figure 8 to Figure
11 are the denoised version of original image as explain
earlier.

Figure 9. Soft Thresholding using
Curvelet Transform

Figure 8. Hard Thresholding using
Curvelet Transform

Figure 10. Hard Thresholding using
Curvelet Transform

Figure 11. Soft Thresholding using
Curvelet Transform
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v. Comparison Table For De

noised Image

The performance of the proposed wavelet and curvelet method
is evaluated using the quality metrics Measurement shown in
Table 1 and Table 2 of two different ultrasound images
simultaneously. After analyzing the results shown in Tables 1
and 2, we find that wavelet has more speckle noise removal
power than the curvelet transform because the value of the
PSNR is more in wavelet transform, and we can also see that
wavelet transform remove the speckle more efficiently
because the value of speckle index of wavelet transform is less
compare to curvelet transform.

TABLE1 1. Comparison of Quality Metrics of Image-1

Quality Curvelet Wavelet Curvelet Wavelet

Metrics Hard Hard Soft Soft
Thresholding | Thresholding | Thresholding | Thresholdi

ng

MSE 71.65 48.09 109.75 103.62

SNR 70.06 71.82 68.21 68.48

PSNR 29.57 31.30 27.72 27.97

Sl 3.7e-06 3.6e-06 3.6e-06 3.6e-06

101 0.0300 0.0320 0.0349 0.0326

MSSIM 0.8020 0.8260 0.7767 0.5993

FOM 74.86 71.79 79.63 78.20

Speckle index of original ultrasound imagel -3.9e-06

Experimental results shows that the value of the figure of
merit (FOM) is better in curvelet transform. So, we can say
that the curvelet method can better preserve the edges compare

to wavelet transform.

TABLE1 2. Comparison of Quality Metrics of Image-2

Quality Curvelet Wavelet Curvelet Wavelet

Metrics Hard Hard Soft Soft
Thresholding | Thresholding | Thresholding | Thresholdi

ng

MSE 119.71 76.51 109.75 130.51

SNR 69.21 71.16 68.21 68.97

PSNR 27.34 29.29 26.72 26.97

Sl 2.6e-06 2.7e-06 2.5e-06 2.5e-06

Q1 0.0218 0.0211 0.0236 0.0224

MSSIM 0.7552 0.7705 0.6931 0.4451

FOM 80.28 72.23 81.07 80.75
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Speckle index of original ultrasound image2 - 2.8e-06

Conclusion

Ultrasound image contain speckle noise and the multiplicative
nature of speckle noise is difficult to remove. The curvelet
transform method has performed better in reducing the speckle
noise while preserving edge information. Also, it likely that
the wavelet method is more effective in reducing speckle noise
while the curvelet method can better preserve the edges. The
performance of both Speckle noise reduction method is
evaluated by quality metrics measurement like PSNR, MSE,
SNR, SI, MSSSIM, 1QI and FOM.
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