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Abstract: Speckle noise is the universal distortion problem in synthetic aperture radar (SAR) images. Despeckling method resolves this problem.
This article presents an improved and enhanced homomorphic filtering technique using wiener filter to avoid blurring and to increase the
computational time of execution. The proposed method is enhanced by applying log transform after the discrete wavelet transform (DWT) only
at the detailed part. This saves the overall time of computational process and the results are also satisfactory and easily acceptable. This scheme
is proposed in db2 type wavelet transform. Wiener filter is applied on the approximate part. The performance of the scheme is evaluated by
calculating PSNR, SSIM and computational time. The performance of the resulting improved homomorphic filtering technique is compared with
some standard methods and filters, and it shows better results in terms of numerical and visual comparison.
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l. INTRODUCTION

Satellite image processing is continuous emerging field of
the image processing, where satellite SAR images are captured
from synthetic aperture radar, it is an kind of radar that is
permanently mounted on the satellites and aircraft that captures
the high resolution images of the broad areas of the earth
surface. SAR images are shaped by the unfailing interaction of
the produced microwave radiation with target. This unfailing
interaction originates arbitrary constructive and destructive
nosiness resulting into multiplicative kind of noise known as
speckle noise all over the image. There are many despeckling
methods available in spatial and frequency domain to restore
noisy SAR images by maintaining the important information of
image like edge, boundary and corners. Some standard
traditional method for despeckling purpose in the arena of
satellite imagery like, frost filter [1], kuan filter [2], kuwahara
filter [3], [4], lee filter [5],[6], mean filter [7], and median filter
[8]. Further developed methods in homomorphic and non-
homomorphic filtering are operative and adaptive. It is
practically seen that bayesian approaches in transform domain
illustratesimprovedoutcomes than bayesian approaches in
spatial domain. But there some non-bayesian approaches that
gives as better results as bayesian approaches in transform
domain.

Homomorphic and non-homomorphic filtering are bayesian
schemes in transform domain that deliver stop systems in
wavelet domain and are widely used mainly in the domain of
satellite imagery. Homomorphic filtering [9]; [10] transforms
the multiplicative noise to additive using log operations, while
non-homomorphic filtering [11]; [12]; [13] are hard to
implement and less frequently used and seen in literature as it
directly works on multiplicative speckle noise without
transforming it to additive in nature. Homomorphic filtering is
frequently used in last two decades as after transforming the
multiplicative noise to additive, other additive noise restoration
models are adaptive and can be used easily and effectively to
restore the speckled SAR images, it is easy to understand,
while non-homomorphic filtering methods directly works upon
multiplicative noise. This technique is relativelyhard to work
upon.  Essentiallyhomomorphic filtering is used for
refiningnon-homogeneous brightness in images. Classical hard
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and soft thresholding methods [14] were applied in [15]. The
undecimated wavelet transform and the MAP standard have
been implemented in the issue of SAR image despeckling
[16].Some non-bayesian methods such as bilateral filtering
[17]; [18]; [19], sigma filter [20] and non-local filtering [21],
[22] which gives acceptable and satisfactory outcome in terms
of visual appearance and edge preservation.

This article is organized in the following way: Section Il
explains the wavelet based despeckling methodology. Section
Il describes the proposed scheme. Section IV describes the
numerical experiments with detailed discussion. Section V
concludes the article and section VI mentions the used
references.

Il. WAVELET BASED DESPECKLING PROCEDURE

SAR images are corrupted by speckle noise which is
multiplicative in nature. Most of the restoration models are
additive in nature as mostly other occurring noises are
additive. So, these additive noise restoration models cannot be
used to handle speckle noise. It is either needed to use
multiplicative noise restoration model which are rarely used
and have low performance issues, or to convert this
multiplicative speckle noise into additive in nature. This nature
transformation operation can be performed by image
enhancement methods. The best way is to use log operation
[26], later its inverse operation is performed by exponential
transform.

Wavelet transform plays a role of major tool in the
applications of image and signal denoising due to its
meritorious features like localized in both frequency and time
domain and multi-resolution analysis. 2D-DWT transforms the
image into two components, approximate part (LL) and detail
part (LH, HL and HH) as shown in below Figure 1.

LL2| HL2 HL1
LL HL
Image LHZ HH2
LH HH LH1HHY
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SAR images are distorted by speckle noise with zero mean and
different variances. Here speckle noise is modeled as:

1G,)) =S@ ) X NG, j) 1)
Speckle has a negative influence on SAR images. Speckle
noise [27] is specified as product of clean image pixel S(i, j)
and multiplicative noise, N (i, j). I(i, j)is degraded pixel of the
image.
Before applying DWT in image denoising, there are two
points to be taken care of. First of all, wavelet family basis is
needed to be chosen for every decomposition layer like, db2,
haar etc. Secondly, level of decomposition is needed to be
decided. Although in image denoising, image can be
decomposed up to any level, but it is observed in most of the
cases that the denoising results are best from 3-5 level.
Wavelet based denoising is performed by following three
steps:
Step 1: Perform DWT on input speckled SAR image to obtain
approximate and detail parts.
Step 2: Perform the denoising using following steps:
i. Estimate noise variance.
ii. Calculate threshold.
iii. Apply thresholding on detail parts.
Step 3: Apply inverse DWT to obtain final despeckled SAR
image.
Threshold choice method comprises of universal threshold,
sub-band adaptive threshold and spatially adaptive threshold.
The proposed scheme practises the universal threshold where
threshold value is exclusively chosen for all wavelet
coefficients [23, 24].
Threshold A is calculated using,

Ao (2
Oy

Noise variance is estimated as:

O]

- median(|X(m,n)|) 2
o = 0.6754

@)
where, X(m,n)eLH;, X(m,n)eHL; and X(m,n)eHH;, and L
is the level of decomposition in DWT. The standard deviation
of noise less image (oy.) can be estimated as:

o} = max(of — 02,0)

(4)
where, g = %Zﬁ’zl X?, and b is the patch size of the input
image.

Hard and Soft thresholding are two thresholding
procedures for thresholding purpose. The proposed scheme
uses soft thresholding. The soft thresholding is equated as:

.= 0 iflX| <A
| sign(O)UXT =D if |X| > A
®)
I1l. PROPOSED METHODOLOGY
Wiener filter is the linear filter mainly used for reducing

additive noise and avoid blurring. Wiener filters are commonly
practised in the frequency domain [20, 23]. Here it filters the
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approximate component of the image up-to three level of
decomposition using below Eq 6.

H*(f1, f2)Sx (f1, f2) )
|H(f1, f2)12Sx (fio f2) + Spy (1, f2)

W(f, f2) =
(6)

The Wiener filtering is implemented on SAR image with a
cascade implementation of the noise smoothing and inverse
filtering. The despeckled SAR images are tested with the
PSNRs and MSEs [25]. It is noticed that the despeckled SAR
image is better-quality in terms of the visual performance, but
the MSEs don't specify that, the reason is that MSE is not a
good metric for deconvolution [25]. The inefficiency of MSE
boosts to use another performance parameter like SSIM which
gives better analysis. The framework of the proposed
methodology is shown in Figure 2.

Input Speckled SAR Image

v
DWT (3 Level)
v
v v
Approximate Part Detail Part
al bl cl di
a2 b2 c2 d2
a3 b3 c3 d3
v v v
v Log Transform
Wiener Filter
v
Noise Variance Estimation
v
Threshold Calculation
v
Soft Thresholding
v v
IDWT - Exponential Transform

——

Despeckled SAR Image

Figure 2.Flowchart of proposed algorithm

The proposed algorithm has following steps:
Stepl: Input speckled SAR image, S.
Step 2: Apply DWT up to 3 level of decomposition on S.
a) Decomposition into 4 sub bands, approximate part
(a1, a2, a3) and detail part (b1 cl d1), (b2 c2 d2), (b3
c3d3).
b) Apply 2D adaptive wiener filtering on (al, a2, a3)
sub bands using 3x3 neighborhood mask using Eq 6.
¢) Perform transformation operation and thresholding on
the detailed part (b1 c1 di1), (b2 c2 d2), (b3 c3 d3)
using following step:
i.  Apply log transformation on detailed part.
ii. Estimate noise variance using Eq 3.
iii. Threshold calculation using Eq 2.
iv.  Apply soft thresholding using Eq 4 and Eq
5.

v.  Apply exponential transform.
Step 3: Apply inverse DWT.
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Step 4: Finally obtained despeckled SAR image.
IV. RESULTS AND DISCUSSION

Here, numerical and experimental results with their
performance results are shown on some real SAR images in
order to verify the effectiveness of proposed algorithm. The
real SAR image is shown in Figure 3 and Figure4 shows
speckled SAR image at 6 = 20. The SAR image is taken from
open public database®.
'http://e0.belspo.be/directory/SensorDetail.aspx?senlD=152

0)

. igure 4. Spekled SAR Image (o =2

The proposed method resizes the SAR images to 512x512
images for the faster execution of below algorithm. It uses db2
type wavelet basis in dwt2 function of matlab. The proposed
method is implemented on MATLAB version=8.3,
name=R2014a on Intel(R) Core(TM) i5-2410M CPU @ 2.30
GHz, 4GB RAM and 64-bit operating system. It is necessary
to note down system configuration because it helps to compare
the execution time of the proposed algorithm with other
standard methods.

The proposed algorithm is validated by comparing with
standard filters and methods like frost, homomorphic frost,
kuan, homomorphickuan, lee, homomorphic lee, mean, hard
and soft thresholding, universal threshold, visu thresholdusing
PSNR and SSIM performance metrics.

PSNR is universally used performance metric in denoising.
Higher the value of PSNR, PSNR should be as high. High
value indicates better results. PSNR is computed by:

255 % 255)

1010g10 (—MSE

(6)
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Structural similarity index (SSIM) is used measure the
similarity between despeckledimageand reference image. It
depends upon three parameters, luminance, contrast and
structural. The overall index is a multiplicative combination of
the three terms.

(2uemy + C1) (204 + C2)
(M2 + 12 +C)(o2+02+C)

SSIM(x,y) =
(1)

The range of SSIM varies from -1 to 1 according to the
literature [19].

Table I. Comparison of Proposed method with other standard methods and
filters on the basis of PSNR and SSIM

Technique PSNR SSIM

Frost 17.8979 0.8236
Homomorphic Frost 17.8731 0.8139

Kuan 17.6573 0.8392

Speckled | HomomorphicKuan 17.1243 0.8611
SAR [ Lee 17.9826 0.8772
Image " Homomorphic Lee 17.2839 0.8195
Figure 4. "Kuwahara 18.6739 0.9374
=20 "Mean 16.1291 0.8101
Soft Thresholding 18.4749 0.9120

Hard Thresholding 17.8241 0.8573

Universal Threshold 18.1529 0.9111

Visu Threshold 16.7342 0.7931

Proposed method 18.9769 0.9481

Table I. shows the performance chart of the proposed method
in comparison to other standard works on the basis of PSNR
and SSIM values and Figure 5. shows the despeckled SAR
image using proposed method. It is clear from these results
that proposed method performs better than all compared
methods in terms of visual quality and numerical experiments
as the values of PSNR and SSIM of proposed method is
highest among all other compared methods.

Figure5. Despeckled SAR Image by proosed algorithm
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Figure 6. Comparison of proposed method with other standard methods using

bar chart on the basis of PSNR
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Figure 7.Despeckling method identification using color patterns in bar chart of
Figure 6, 8 and 9.
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Figure 8. Comparison of proposed method with other standard methods using

bar chart on the basis of PSNR

Table I1. Execution time of despeckling techniques (in seconds).

Technique Time
Frost 17.5550
Homomorphic Frost 18.2365
Kuan 24.6968
HomomorphicKuan 24.0043
Lee 36.6102
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Homomorphic Lee 37.5858
Kuwahara 25.0012
Mean 4.1341
Soft Thresholding 8.0083
Hard Thresholding 5.9466
Universal Threshold 12.0085
Visu Threshold 3.7729
Proposed method 2.7924

Apart from validating the performance of proposed method to
other compared standard methods on the basis of PSNR and
SSIM, it can also be compared on the basis of computational
execution time of the algorithm. The main aim of this research
is to minimize the computational time of the homomorphic
filtering using wavelet domain by applying the log transform
only on the detailed part of the image within DWT rather than
on whole speckled image. The proposed algorithm is
computationally checked with other standard works and the
computational time is shown in Table I1.

It is clear from the table that the computational time of the
proposed algorithm is smaller than other standard works.
Although execution time of the mean, visu and hard
thresholding methods are closer to the proposed method but
still more than proposed method but on comparing the
proposed method with them numerically, they are behind to
proposed method.

40
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Figure 9.Execution time of despeckling techniques in seconds using bar chart

In order to visually analyze the effectiveness of the proposed
method with other standard works, Figure 6-9, easily specifies
the performance of proposed method in terms of PSNR, SSIM
and computational time of execution.

V. CONCLUSION

In this paper, a new scheme is proposed based on
homomorphic filtering using wiener filter to improve the
computational execution time of the despeckling algorithm in
homomorphic methods. Here instead of applying the log
operation on whole speckled image, the operation is performed
only on the detailed part of the SAR image within DWT. Final
results of proposed method are better in terms of speckle noise
reduction, removal of artifacts and edge preservation. The
outcomes of proposed algorithm are compared with standard
methods. In maximum cases, the computational and numerical
performance of proposed algorithm is giving improved values
in terms of PSNR and SSIM. Apart from performance metrics,

897



Prabhishek Singh et al, International Journal of Advanced Research in Computer Science, 8 (3), March-April 2017,894-898

the visual appearance of proposed algorithm of SAR images is
also better. Numerical results validate that our proposed
algorithm: (i) successfully remove the speckle noise in
SAR images, (ii) preserve the edges and (iii) reduces the
computational time.

[1]

[2]

(3]

[4]

[5]

6]

(7

(8]

(9]

[10]

[11]

[12]

[13]

[14]

VI. REFERENCES

V.S.Frost et al, “A model for radar images and its
application to adaptive digital filtering of multiplicative
noise”, IEEE Trans. Pattern Anal. AndMachine Intell.,vol.
PAMI-4, pp.157-166. 1982.

D.T.Kuan et al., “Adaptive restoration of images with
speckle”, IEEE Trans. Acc. Speech and signal Proc. Vol.
35, no.3 pp.373-383, March 1987.

M. Kuwahara. K. Hachimura, S. Eiho, and M. Kinoshita,
“Processing of Rl-angiocardiographic images, in Digital
Processing of Biomedical Images”, K. Preston Jr. and M.
Onoe, Editors. New York: Plenum, 1976. pp. 187202.

J. E. Kyprianidis, H. Kang, J. and DlIner ,2009, “Image
and Video Abstraction by Anisotropic Kuwahara
Filtering”. Computer Graphics Forum, 28: 19551963.

J.S.Lee, “Digital image enhancement and noise filtering
by use of local statistics”, IEEE Trans. On Pattern
Analysis and Matching Intelligence, vol. PAMI-2, pp.165-
168, 1980.

J.-S. Lee, “Refined filtering of image noise using local
statistics”, Comput. Graph. Image Process., vol. 15, no. 2,
pp. 380389, Apr. 1981.

Tinku Acharya and Ajoy K. Ray, “Image Processing
Principles and Applications”, 2005 edition A John Wiley
Sons, Mc., Publication.

Anil K.Jain, “Fundamentals of Digital Image Processing”,
first edition, 1989, Prentice Hall, Inc.

L. Gagnon and A. Jouan, “Speckle filtering of SAR
images: A comparative study between complex-wavelet-
based and standard filters”, in Proc. SPIE, Wavelet
Applications in Signal and Image processing V, 1997, vol.
3169, pp. 8091.

E. Hervet, R. Fjrtoft, P. Marthon, and A. Lops,
“Comparison of waveletbased and statistical speckle
filters, in Proc. SPIE SAR Image Analysis, Modelling”,
and Techniques Ill, F. Posa, Ed., 1998, vol. 3497, pp.
4354,

S. Foucher, G. B. Bni, and J.-M. Boucher, “Multiscale
MAP filtering of SAR images”, IEEE Trans. Image
Process., vol. 10, no. 1, pp. 4960, Jan. 2001.

F. Argenti and L. Alparone, “Speckle removal from SAR
images in the undecimated wavelet domain”, IEEE Trans.
Geosci. Remote Sensing, vol. 40, no. 11, pp. 23632374,
Nov. 2002.

M. Dai, C. Peng, A. K. Chan, and D. Loguinov, “Bayesian
wavelet shrinkage with edge detection for SAR image
despeckling”, IEEE Trans. Geosci. Remote Sensing, vol.
42, no. 8, pp. 16421648, Aug. 2004.

D. L. Donoho, “Denoising by soft-thresholding”, IEEE
Trans. Inform. Theory, vol. 41, no. 3, pp. 613627, Mar.
1995.

© 2015-19, IJARCS All Rights Reserved

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

H. Guo, J. E. Odegard, M. Lang, R. A. Gopinath, 1. W.
Selesnick, and C. S. Burrus, “Wavelet based speckle
reduction with application to SAR based ATD/R”, in
Proc. IEEE Int. Conf. Image Processing (ICIP), 1994, vol.
1, pp. 7579.

Fabrizio Argenti, Tiziano Bianchi, Alessandro Lapini, and
Luciano Alparone, “Fast MAP Despeckling Based on
LaplacianGaussian Modeling of Wavelet Coefficients”,
IEEE GEOSCIENCE AND REMOTE SENSING
LETTERS, VOL. 9, NO. 1, JANUARY 2012.

C. Tomasiand R. Manduchi, “Bilateral filtering for gray
and color images”, in Proc. 6th Int. Conf. Computer
Vision (ICCV), 1998, pp. 839846.

W. G. Zhang, Q. Zhang, and C. S. Yang, “Improved
bilateral filtering for SAR image despeckling”, Electron.
Lett., vol. 47, no. 4, pp. 286288, Feb. 2011.

G.-T. Li, C.-L. Wang, P.- P. Huang, and W.-D. Yu, “SAR
image despeckling using a space-domain filter with
alterable window”, IEEE Geosci. Remote Sensing Lett.,
vol. 10, no. 2, pp. 263267, Mar. 2013.

J.-S. Lee, “Digital image smoothing and the sigma filter”,
Comput. Vis. Graph. Image Process., vol. 24, no. 2, pp.
255269, Nov. 1983.

C.-A. Deledalle, L. Denis, and F. Tupin, “lterative
weighted  maximum likelihood denoising  with
probabilistic patch based weights”, IEEE Trans. Image
Process., vol. 18, no. 12, pp. 26612672, Dec. 20009.

S. Parrilli, M. Poderico, C. V. Angelino, and L. Verdoliva,
“A nonlocal SAR image denoising algorithm based on
LLMMSE wavelet shrinkage”, IEEE 425 Trans. Geosci.
Remote Sensing, vol. 50, no. 2, pp. 606616, Feb. 2012,

L. Gagnon and A. Jouan, “Speckle filtering of SAR
images: A comparative study between complex-wavelet-
based and standard filters”, in Proc. SPIE, Wavelet
Applications in Signal and Image processing V, 1997, vol.
3169, pp. 8091.

E. Hervet, R. Fjrtoft, P. Marthon, and A. Lops,
“Comparison of waveletbased and statistical speckle
filters, in Proc. SPIE SAR Image Analysis, Modelling,
and Techniques 1", F. Posa, Ed., 1998, vol. 3497, pp.
4354,

Wiener  Filtering, “Theory, Implementation and
Experimental Result”, Available:
http://www.owlnet.rice.edu/~elec539/Projects99/BACH/p
roj2/wiener.html

Prabhishek Singh, Dr. Raj Shree, “Statistical Modelling of
Log Transformed Speckled Image”, published online in
Vol. 14 No. 8 AUGUST 2016 International Journal of
Computer Science and Information Security, (pp. 426-
431).

Prabhishek Singh, Raj Shree, “Analysis and effects of
speckle noise in SAR images”, published in 2nd
International Conference on Advances in Computing,
Communication, & Automation (ICACCA) (Fall) Year:
2016, Pages: 1 - 5, IEEE Conference Publications.

898



	Introduction
	Wavelet Based Despeckling Procedure
	Proposed Methodology
	Results And Discussion
	Conclusion
	References

