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Abstract

Speckle suppression is a hot research field in the world. In this paper, combining the
advantages of shear filtering and dual tree complex wavelet transform (DTCWT), we
propose a new SAR image de-noising algorithm based on K-singular value decomposition (K-
SVD) and soft thresholding. The new algorithm uses shear filtering to do directional
decomposition. After that, DTCWT is applied to do scale decomposition. Soft thresholding is
applied to high frequency coefficients, while K-SVD is applied to low frequency coefficients.

The new algorithm can not only remove most noise in the high frequency coefficients, but
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also remove a small amount of noise contained in the low frequency. The experimental
results show that our method can both improve peak signal to noise ratio (PSNR) and

enhance the image visual effect.
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1. Introduction

Recently, with the constant improvement and development of wavelet
transform theory, it is more widely applied in the field of image
processing. Moreover, many scholars apply it to the SAR image de-
noising [1]. But, two-dimensional wavelet only has limited direction and
cannot be better to express two-dimensional images with line or surface
[2, 3]. To overcome these disadvantages, many scholars put forward all
kinds of multi-scale geometric transform, and the popular multi-scale
geometric transforms used in speckle suppression are dual tree complex
wavelet transform (DTCWT), contourlet and curvelet [2-9]. However,
DTCWT 1is not an optimal sparse representation transform. And
contourlet is not shift invariance. What is more, curvelet is not
constructed by single basis function, which leads to not conforming to the
multi-resolution framework and many problems in the discretization [5].
In order to overcome the shortcomings of the transform above, according
to the theory of tight frame, shearlet transform is proposed based on
strict mathematical logic reasoning. Its approximation order of the image
1s as same as curvelet, but its implementation is more simple and
flexible. Therefore, as the shearlet is proposed, it causes the attention of
many scholars. And it is quickly applied to image processing. With the
gradual in-depth research on shearlet, it is widely used in speckle
suppression. In this paper, combining the characteristics of shear
filtering and dual tree complex wavelet, we propose a new transform
called shear-dual tree complex wavelet transform (SDTCWT) which
cascaded shear filtering before DTCWT. SDTCWT is shift invariance and
also can add a number of low sub-bands, so we propose a new SAR

images de-noising based on SDTCWT.



SAR IMAGE DE-NOISING BASED ON SHEAR- ... / IJAMML 4:2 (2016) 135-145 137

Firstly, SDTCWT is applied to SAR image, and we can get the high
frequency and low frequency of the image. Secondly, the noise of the high
frequency is de-noised by soft thresholding, while the noise of the low
frequency is de-noised by K-singular value decomposition (K-SVD)
algorithm. Lastly, the de-noising image is obtained by inverse SDTCWT
with Lee filtering. Compared with other de-noising algorithms, our
method effectively improves the peak signal to noise ratio (PSNR) of
de-noising image and the image visual effect. What is more, de-noising
image is smoother and it improves the computing speed significantly.

2. Shear-Dual Tree Complex Wavelet Transform (SDTCWT)

Shearlet lacks shift invariance because Laplacian pyramid is used to
do scale decompostion. If replacing the Laplacian pyramid with the

downsampling Laplacian pyramid, the redundancy of shearlet is greatly

increasing (in terms of decomposition scale <J, the redundancy is 2J),

which results in the decrease of computation speed greatly.

DTCWT just needs limited redundancy to realize shift invariance.
What is more, when the decomposition scale increases, the redundancy
always 1s 4. So the speed of the algorithm has been effectively improved.
The same to [9], combining the advantages of DTCWT and shear
filtering, this paper proposes a new transform called SDTCWT. Similar to
the architectural approaches of the NSDFB-DTCWT [9], we cascade
shear filtering before DTCWT to construct the SDTCWT. SDTCWT can
be described by following steps:

Step 1. Direction sub-bands can be got by applying shear filtering to

image.

Step 2. Low and high sub-bands can be obtained by applying DTCWT to

each direction sub-band.

Step 3. Then we can get the pyramid by repeating above operation to the
low frequency sub-bands like DWT.

The reconstruction algorithm of NSDFB-DTCWT is in reverse order.
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3. Image De-noising Algorithm

3.1. K-singular value decomposition

The de-noising methods based on sparse representation are one of the
mainstream methods in image de-noising. K-SVD algorithm is a popular
de-noising method [10]. In this algorithm, cosine dictionary, multi-scale
ridgelet dictionary [11], Gabor dictionary [12] and so on are considered to
be the initial dictionary and then use the orthogonal matching pursuit
(OMP) algorithm to process the images. In K-SVD, sparse decomposition
and dictionary update jointly together to de-noise image with Gaussian
noise.

If the dictionary D is constant, and the noisy image is decomposed
sparsely by dictionary D. Then, the de-noising model of K-SVD can be
represented by follows equation:

ming oy, s£|I - Dal, < e, 1)

where | |, denotes I, norm, and Ie R™™ denotes the noise image;

D e R™" denotes the dictionary and A is the number of atoms in it;

o € R™™ denotes the decomposition coefficient of the dictionary; and &

is maximum error. Under a certain ¢, a. can be calculated by (1).

Using o to update the dictionary, o and the dictionary D update

each atom in the dictionary in turn. Suppose d, denotes the first column

vector y in the update dictionary, so coefficient of the model is:

| - Dal, = H(I— djocyj—dy(xy &, —dyocyui, ©)

2
r

J£y

where a” denotes the first row vector y in the coefficient matrix o

corresponding with d,, and E, is the decomposing error of image I that

has removed the first y atom. Usually, the matrix of whose rank is 1 is
used to instead of d,.

Finally, update all the atoms in the dictionary in turn and use the
decomposition coefficient o and the updated dictionary to reconstruct the

image after de-noising processing.
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3.2. Soft thresholding de-noising

Donoho put forward thresholding de-noising method in 1995,
including soft thresholding and hard thresholding. Although hard
thresholding can better retain the image edge information, this function
1s not continuity. So, hard thresholding will cause some discontinuities
and ringing in image de-noising. The processing of the soft thresholding
method is relatively smooth. Therefore, the high sub-bands are de-
noising by soft thresholding in our paper.

Soft thresholding de-noising function is shown as follows:

sgn(x) (x| - T), if |x| = T,
y(x) = ®3)
0, otherwise,

where T is the critical threshold, and sgn(.) is symbolic function.

3.3. Lee filter

Under minimum mean square error criterion, Lee filter estimates the
nonlinear multiplicative noise signal by using local mean and variance.

Suppose noise image is I, and image without noise is X, and the mean of

Iand X are I and X, then X = E(X), I = E(I). Suppose the forecast

image X is the linear combination of the average image X and the

observation image I. Then, we can get
X=a*X+b*1I, (4)

where a and b are the solution that makes the mean square error term be

minimum. That is,

a=1-b, b=6—x, (5)
01
where 8; denotes the variance of I. Then,
_ 72
5, = A= ©®)

1+ oy
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where

(M

where N denotes number of looks. In the general situation, number of

looks is known.
4. SAR Image De-noising Based on SDTCWT

4.1. The experimental steps

Usually, speckle is fully developed [13], and it is multiplicative noise.
It obeys the distribution of ' and it is second order stationarity. Besides,
the mean of speckle is 1, and the variance is inversely proportional to the
equivalent number of looks (ENL). Before removing the speckle,
generally, logarithm transform is applied to noise image so that the
speckle can be converted to additive noise. In our paper, the steps of the

proposed method are described as follows:
Step 1. Logarithm transform is applied to the noised image.

Step 2. SDTCWT is applied to noise image, and we can get low sub-
bands and high sub-bands coefficients.

Step 3. K-SVD is applied to low sub-bands coefficients to remove the
noise in low sub-bands. And soft thresholding is applied to high sub-
bands coefficients to suppress main noise.

Step 4. Reconstruct image is gotten by SDTCWT after de-noising.

Step 5. After indexing the reconstruction image, deal it with Lee filtering

and we can get the final de-noised image.
4.2. The experimental results

In order to verify the reliability and validity of the proposed
algorithm in this paper, our method is compared with de-noising
algorithm based on shearlet transform (ST) in [7], de-noising method

based on shearlet transform by using the context-based model (ST-C) in

[5].
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Figure 1 shows the de-noised image by different method, and the
original image is in the image library of Stanford University. The SAR
image of fields in Figure 2 is gotten by Terra Sar-X. As can be seen in
Figure 1 and Figure 2, compared with other de-noising algorithms, our
algorithm has better visual effect.

Figure 1. The results by each de-noising method. (a) The original SAR
image, (b) de-noising by ST, (¢) de-noising by ST-C, and (d) de-noising by
the proposed.
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© (d)

Figure 2. The results by each de-noising method for the SAR image of
fields. (a) The noise image of fields, (b) de-noising by ST, (c) de-noising by
ST-C, and (d) de-noising by the proposed.

In order to evaluate the performance of the algorithms above more
objectively, we can calculate some common parameters. And these
de-noising performance parameters include the peak signal-to-noise ratio
(PSNR), equivalent number of looks (ENL), standard deviation (Sd), and
edge preservation index (EPI), shown in Table 1 and Table 2. What is
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more, larger the PSNR is, stronger the capability of de-noising algorithm
is; greater the ENL is, better the visual effects of the de-noising images
are; and greater the EPI is, more details of the images can be preserved.
From Table 1 and Table 2, our algorithm has higher PSNR. The image
which is obtained by our algorithm not only has smooth image, but also
suppresses artificial texture, and obviously improves the image visual

effect.

Table 1. Performance parameters of Figure 1 by different de-noising
methods

De-noising PSNR
method ENL Sd EPI
(dB)
ST 28.15 13.74 36.41 0.91
ST-C 31.62 15.77 37.35 0.94
The proposed 32.43 22.16 38.56 0.96

Table 2. Performance parameters of Figure 2 by different de-noising
methods

De-noising PSNR
method ENL Sd EPI
(dB)
ST 28.62 14.06 35.64 0.92
ST-C 31.87 15.94 36.53 0.94
The proposed 33.12 22.67 37.36 0.97

5. Conclusion

This paper puts forward a new SAR image de-noising algorithm
based on SDTCWT. As can be seen in the experimental results, there are
some advantages of the proposed method. On one hand, the algorithm
can improve the peak signal to noise ratio of the image, and speckle noise
of the image gets effective suppression. On the other hand, the algorithm
can not only improve the image visual effect, but also inhibit the

generation of artificial texture. But, the proposed algorithm is imperfect.
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EPI can be improved in subsequent studies, especially when the edge
detail and texture features of the image are rich. So, the next work will

be solving the problems remaining in the paper.
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