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ABSTRACT

Speckle noise is a ‘granular pattern’ special kind of multiplicative noise mainly found in the SAR images and
medical images such as CT scan and an ultrasound image. SAR is Synthetic Aperture Radar, special kind of
radar that mainly captures the high-resolution images of the broad area of the earth surface. Image despeckling
using wavelet transform is one efficient approach as it generates a large number of the small coefficients and a
small number of the large coefficients. DWT is applied to analyze the speckled image more efficiently in detail.
This paper gives a brief introduction to DWT and experimentally analysed the hard and soft thresholding
functions. Matlab Toolbox Main Menu (MATLAB R2014a) is used to realize the practical implementation of
thresholding functions and to obtain the experimental results.
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INTRODUCTION

Image despeckling is a field of image processing which deals with recovering an original SAR image from a
speckled SAR image. Image despeckling can be defined as the process of removing a speckle noise in an image
through linear or non-linear filtering techniques.

SAR is the form of Radar that is mounted on the satellites and aircraft that capture the high-resolution images of
the broad areas of the earth surface. While capturing such images it has to deal with various weather conditions,
day and night, so a special treatment is needed to handle such images because in such case chance of noise
intrusion is higher. This granular pattern kind of noise that attacks in such scenario is called as the Speckle
noise. SAR images are different from optical images. Since SAR images interact with the ground features in
ways different from optical radiation so special treatment is required while interpreting the SAR images. While
capturing the broad areas of terrain, SAR has to handle the weather condition, day and night. Unlike optical
images, SAR images are formed by the coherent interaction of the transmitted microwave with targets (terrain).
This coherent interaction causes random constructive and destructive interference resulting in salt and pepper
noise throughout the image.

Prior to DWT based despeckling, FFT-based despeckling techniques were introduced which were unable to
preserve the edges of the SAR images which is actually a low pass filtering technique and is not localized in
terms of time. This issue was resolved by the wavelet transform as it is localized in terms of space as well as
time and also gives better results in terms of edge preservation.

Wavelet denoising using thresholding involves mainly three steps: first is to compute wavelet transform on
noisy images, second is to perform thresholding on noisy wavelet coefficients and the last step is applying
inverse wavelet transform on the modified wavelet coefficients.
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Fig 2. Noisy Image (Speckle
Noise=0.2)(SAR image taken from Sandia
National Laboratories.) [1]

Fig 1. US Capitol and Library of Congress,Washington, D.C.

In the last two decades, there have been many despeckling techniques developed that eliminate the speckle noise
and also preserves and enhances the edge and other features. In the field of radar, adaptive filtering techniques
are better denoising techniques including Mean filter [2], Lee filter [3], Frost filter [4], Median filter [5], and
Kuan filter [6]. The problem with these standard filtering techniques is that they lose a lot of important features
although smoothens the edges and reduces the speckle noise. There are many approaches proposed which are
based on the wavelet to reduce the speckle noise in the SAR images. Wavelet provides the best way to separate
the noisy part from the original image as the noise persist in the small coefficients and important information
exists in the large coefficients and when wavelet thresholding is applied then it eliminate all the small
coefficient part. Hence despeckling is performed in much better way.

In this paper, Section Il describes the basics of the discrete wavelet transform, Section 111 describes the wavelet
noise thresholding procedure, Section IV shows few experimental results and Conclusion is given in Section V1.

DISCRETE WAVELET TRANSFORM

In image processing application, wavelets are mainly used in image compression and denoising. DWT provides
transformation of the image from the spatial domain to the scale frequency domain. MATLAB Wavelet
toolbox provides a function named as dwt2 for two-dimensional discrete wavelet transform in order to analyse
the amount of high-frequency component present in the image. DWT-2D corresponds to multiresolution
approximation expressions. The wavelet basis functions are generated from a single mother wavelet function.
DWT is implemented by filter banks is shown in Fig 3.

In 1976 when Croiser, Esteban, and Galand built a technique to decompose the discrete time signals which laid
the foundations of DWT. Three other scientists named Crochiere, Weber, and Flanagan did the similar work of
coding the speech signals in the same year. Their analysis named the scheme as sub-band coding. In 1983, a
technique similar to subband coding was defined by Burt and hamed that technique as pyramidal coding which
is also known as multiresolution analysis.

Fig 3. Wavelet Decomposition Using Filter banks [9]
The procedure of DWT on the image is going like this. A high pass filter and low pass filter are selected, in such
a way that they exactly half the frequency range between themselves. This filter pair is known as Analysis filter
pair. In order to obtain the low-frequency components of the row, the low pass filter is applied for each row.
Since low pass filter is a half band filter, output data contains frequencies only in the first half of the original
frequency range. Therefore by, Shannon’s Sampling Theorem, they can be further subsampled by two, so now
the final data contains half the original number of samples. Now for the same row of data, high pass filter is
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applied, and the high-frequency components can be separated similarly and placed by the side of low pass
components. The method is applied to all rows.

Next step is to perform filtering on each column of the intermediate data. The resulting 2D array of coefficients
contains the four bands of data, each labelled as LL, HL, LH and HH. To perform the two level decomposition,
the LL band can be further decomposed in the same manner, thereby producing, even more, sub-bands. This
decomposition can be done up to any level, thereby resulting in pyramidal decomposition as shown below.

LL (low-low): Noisy Coefficients of Approximation.
LH (low-high): Noisy Coefficients of Vertical Detail.
HL (high-low): Noisy Coefficients of Horizontal Detail.
HH (high-high): Noisy Coefficients of Diagonal Detail.

LL; HL,

LH: HH:

Fig 4. Single level decomposition

LL, | HL:

HL,
LH, | HH;

LH; HH;

Fig 5. Two level decomposition
Similar to forward transform to use to separate the image data into various different classes, a reverse transform
is used to reassemble the different classes of data into a reconstructed image. A pair of low pass filter and high
pass filter is in use here also. Such filter pair is known as Synthesis Filter pair. This filtering procedure is just

opposite — we begin from the top level, apply the filter firstly column wise and then row-wise, and similarly
proceed to the next level until we reach the first level.

u—s(f)-o{ v

e

Fig 6. Wavelet Reconstruction Using Filter Banks [9]

WAVELET NOISE THRESHOLDING

The wavelet coefficients calculated by a wavelet transform represent a change in the time series at a particular
resolution [13]. To avoid this shortcoming often a nonlinear filtering procedure is used to suppress the noise in
the empirical wavelet coefficients [14]. The main idea is based on the fundamental property of the wavelet
transform: father and mother functions are well localized in time domain. Therefore one could estimate the
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empirical wavelet coefficients independently. To do this let us compare the absolute value of the empirical
wavelet coefficient and the standard deviation of the noise [14]. It is clear that if the wavelet coefficient is of the
same order of the noise level, then we cannot separate the signal and the noise [14]. In this situation, a good
estimator for the wavelet coefficient is zero [14]. In the case when an empirical wavelet coefficient is greater
than the noise level a natural estimator for a wavelet coefficient is the empirical wavelet coefficient itself [14].
This idea is called thresholding.

There are mainly three methods: hard thresholding and soft thresholding [13, 14].

A. Compute the wavelet transform and order the wavelet coefficients in increasing frequency.
B. Compute the median absolute deviation (MAD) on the largest wavelet coefficient spectrum.

mediczn{|co|, |c ¢ 1

aliofigpen.]

O(mud) = 0.6745

Here, c0, c1, etc..are the wavelet coefficients.
C. For calculating the noise threshold, 2D-DWT is applied using ‘haar’ wavelet family and second level of
decomposition.
D. Apply athresholding algorithm to the wavelet coefficients. There are two functions discussed below:
i. Hard thresholding. Hard thresholding sets any coefficient less than or equal to the threshold to zero
[13].

if (coef[i] <= thresh)
coef[i] = 0.0;

ii. Soft thresholding. Hard thresholding sets any coefficient less than or equal to the threshold to zero [13].
The threshold is subtracted from any coefficient that is greater than the threshold. This moves the time
series toward zero [13].

if (coef[i] <= thresh)
coefi] = 0.0;

else

coefi] = coef[i] - thresh;

EXPERIMENTAL RESULTS

Fig 7. Input Speckled SAR image [12] Fig 8. Decomposition at level 2 (2D-DWT)
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Fig 13. Despeckled Image using Soft Thresholding.

Fig

14. Despeckled Image using Hard Thresholding.

Table 1. Performance Metrics

Type of Noise Thresholding PSNR
(Variance) Method Value
Speckle(0.04) Soft 39.7696
Speckle(0.04) Hard 51.7304

Peak Signal to Noise ratio is calculated by the Matlab inbuilt function named as,
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peaksnr = psnr(X, org)
with the image org as the reference. X and ref must be of the same size and class.

CONCLUSION

In this paper, the importance and role of the DWT in the field of SAR image despeckling are studied. A major
focus is on 2D-DWT. Matlab Toolbox is used to experiment and realize the results of denoising method. Here
soft and hard thresholding methods using ‘haar’ wavelet is used to restore the SAR image. The paper presents
the whole procedure by decomposing the speckled image to wavelet coefficients using 2D-DWT and then
performing the thresholding methods and finally restoring the speckled image with better performance results.
In addition to the study of DWT and denoising of the images, a comparison table is presented to represent the
performance metrics which depicts effectiveness of the thresholding methods. It is found that hard thresholding
gives better results in the terms of peak signal to noise ratio.
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