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A new method for SAR im ages speckle reduction
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Abstract

Synthetic Aperture Radar (SAR) inage is polluted easily by speckle noise which can affect further

processing of SAR mage Traditional methods employ wavelet transfom, which is only effective n representing point

singularities Based on Fast D iscrete Curvelet Transfom (FDCT), a demoising method for SAR mage is presented

FDCT is enployed to transfom the SAR mage ito the curvelet domain to obtain the curvelet coefficients and then soft

and hard thresholding demnoising processes are perfomed separately on the Cuwvelet coefficients of different scales and

directions by using adaptive threshold estmation Fially the SAR image is reconstucted by mverse FDCT. This de-

noising method is applied to the experinents of a single look SAR image and compared with the wavelet demoising

method Experinental results ndicate that based ¥DCT denoising m ethod is amore effective method which is not only

better in reducing speckle but also of advantage n holding mfom ation of taiget edge and gramn
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1 INTRODUCTION

In synthetic aperture radar (SAR) system. the mage is
easily polluted more or less which causes great trouble for
further processing of the mage A number of methods have
been developed in the last decade to deal with the speckle
order
statistics fillering and other filtering methods woiking in

noise such as avemge filtermg median filiering
tansfomed domain  Among then the wavelet method
(Donoho D L, 1993 Chang S G, 2000) is quite mature
W avelet transfom is optinal only when representing one
dinensional piecewise snooth signal with point
singularities and losses its advantage for two dinensional
signal or signals with line singularities In view of this
Candes and Donoho (2004) presented ridgelet transfom
which can effectively represent wo din ensional signals w ith
line singularities Furthemore they proposed curvelet
transfom and gave its mplanentation based on ridgelet
transfom so as to represent high dinensional signals w ith
cuve singularities (Candés E J & Donoho D 1. 2004
Starck J L. etal 2002)~ Cuwelet transfom takes edges as
basic representative elanents and is anisotopic with
direction which is helpful to represen edges effectively
Due to the complexity of the basis cuwvelet function it is
hard to implanent Cuwelet develops n two generations

The first generation is based on ridgelet theories which is a
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canbination of a special filtlering process and multiscale
ridgelet transfom: The mpleanentation includes subband
decom position snoothing and partitioning regularization
and ridgelet transfom. so there are too many parmameters
with big redundancy

effects W hereas the second generation curwvelet transfom

which mevitably causes blocking

anploys novel frmework wih mplanentation i
frequency domain so the parameters are reduced and the
process is easy and fast (Candés E Jetak 2005).

The current researches on speckle denoising of SAR
inages (Ulfarsson M O, 200Z Xiao L, etal, 2006)
based on the first generation

are mainly curvelet

transfom, whose denoising effect is fine when the edges
the edges

aremainly curves which ivalidates the above m ethod

are straight lines However for SAR mages

In this paper we propose to enploy the second
generation fast discrete cuwelet transfom (FDCT) i
speckle denoising of SAR mages experinents show the

advantages of the m ethod

2 FAST DISCRETE CURVELET TRANSFORM

Siilar to the wavelet transfom and the ridgelet
transfom, the cuwelet transfom theory belongs to the
category of the sparsity theoryy The idea is to compute
the ner product betw een the signal or function and the

curvelet function to realize the sparse representation of
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the signal or function So the curvelet transfom can be
expressed as

c(j 1 k): :<fgojlk> (1)

where } 1 k is the scale direction and position param eter
respectively:

We use the frequency window U to realize the

frequency tepresentation of the curwelet ¥ where

=1 - U is defined as follow:
) 0 ¥ /2
R ETas €3N EL RS

whereW (1), € (1/2 2) is radial w indow and V(1) t
€E[—L 1] is angular w indow- These windows will
alvays obey the adm issibility conditions ? j/2| is the
integral part of j/2

The support of U; is a polar
‘wedge " defined by the support of W and V-
In cuwelet transfom, we let
o d=ulJ (3)
where ¢, (w), ©= (o, w, )€ R’ is the o dinensional

Fourier transfom of ¢, (x)- We defme cuwelets ( as

function of x= (x> %)) atscale 2 . orientation 0, and
position X.Ej ! :Ral (k2 ke 2" ) by
Y () =GR (x—x")) (4)

where 0, =27 « 2779 + ] =0, L. 0= 0,<2m R is
the mtation by 0 mdians A cuwelet coefficient can be

expressed as

c(j 1 k) :Z_ig Jf(w) Fi(@) do

1
o ch) U (Ryw)e™ " do  (5)

One impleanentation of digital Cuwelet transfom is
as follow s
(1) Fora two dinensional function
el &€ [0n] (6)
we perfom 2D FFT, resulting in the frequency
domain fom

food wnel 24 @

(2) In the frequency domain resample E 1, nJ at

each pair of (j 1) (scale angle), which results in
Iy € Pj (8)

n, o m ’ran6 ’ n

where Pj:{ (s m ). mo=m <n, t1, P oS <
o +L&j f. and Ly ; is pamameter regarding to 2, and
L, ; regarding to 2; which represent the length and
width of support of the window U;[ni» n ]-

(3) Multiply f after interpolation with w indow
function U;; we obtain

N B S O

(4) Perfom mvewse 2D FFT on f, to obtain the
discrete ctaveled¢oeflicientsiset &cj 1} -

In the above process the window function U is the
curvelet $ in frequency domainr which is implemented

byW and V asU=WYV. Employing band pass filtes the
radial w ndow function realizes the scale partitioning

The nnermost layer is Coarse scale which is a matrix
composed by low frequency coefficients The outerm ost
layer is Fine scale composing of high frequency
coefficients The remaining layers are middle to high
frequency coefficients named as Detail scale on which
the angle partitioning is realized by rmtation and

translation of angle w ndow function

3 NOISE REDUCTION OF SAR MAGE BAS-
ED ON FDCT

3.1 Analysis of noise m odel

Since SAR mage noise obeys mulplicative model
whereas curvelet denoising is based on G aussian additive
noise model we need first to take logarithm of the
noised SAR mage and then perfom curvelet transfom.
This can be expressed as follow ¢

ylm n] = x[m n] X n[m n] (10)
where y[m: n] is the received SAR inage x[m, n] is
the original inage n[m: n] is the multiplicative noise
Taking logaritm, we obtain

y[m n] = x[m: n] T n[m n] (1)
Perform ng FDCT
based on USFFT to y[m: n]. we can get cuiwvelet

where y[m: n ] :]n(l y[ms n]l )-

coefficients forwhich thresholding will be perfom ed
32 Thresholding

There are wo kinds of thresholding for cumelet

coefficients namely  hard thresholding and soft
thresholding The hard thresholding is as follow s
Ly ylI=a 19
V=0 y = A (*9)
The soft Ihief\olding is
. (y—r)  lyl=2
f sgn(y) (y y 13

where f (y) is cuwelet coefficients after hard
thresholding i e, the reconstmuicted coefficients A is

the threshold sgn is sign function
3.3 Adaptive thresholding

In this studys we propose to use adaptive threshold
and extend the BayesShrink m ethod presented by Chang
S G (2000)

detem ining the corresponding thresholds to cuwelet

to discrete curvelet tmansfom, 1 e

coefficients under each scale

A =2 (14)

X

o

where 6° is the noise variance after curvelet transfoms
o uis! hk standandsvariance cof curveleiceo efficien s matrix
under a scale
evaluate 0.

M onteCarlo method is employed to
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3.4

Noise reduction of SAR i age

Based on the above analysis the procedures of the
processing are as follws (1) take logaritm of inages
with noise yielding the images containing approximate
additive Guassian noisé (2) apply FDCT to obtain curvelet
coefficients (3) apply M onte-Carlo algoritm to evaliate
the variance of noise in each level of curwelet coefficients
(4) detem ine the thresholds for each scale and orientatiors
(5) perfom hard thresholding and soft thresholding to
coefficients of every scale and orientation with the
(6) apply mverse
cuwelet transfom 1o the coefficients to reconstct the SAR

corresponding adaptive thresholds

50

100

g : i)

100 150 200 250 50 100

50 100 150 200 250

mages
4 EXPERMENTS AND ANALYSIS

In the experinent we choose a single look SAR
inage of 256 X256 for testng Hand thresholding and
soft thresholding are prefomed for coefficients obtained
by both curvelet transfom and wavelet transfom. Fig 1
(a) is the original inage w ith speckle noise Fiz 1(b)
and Fig 1 (¢) are mages obtained by wavelet had
thresholding and wavelet soft thresholding respectively:
Fig 1(d) and Fig 1(e) are obtained by cuwelet hard
thresholding and curvelet soft thresholding respectively:

150 200 250 100 150 200 250

50 100 150 200 250

Fig 1 Experinental comparison of several de-noising m ethods

(a) A single look SAR mage (b) Demoised mage by hard thresholding in wavelet dom ai

(¢) Demnoised mage by soft thresholding in wavelet domains (d) Denoised inage by hard thresholding in curvelet dom ain

(e) Demnoised mage by soft thresholding n curvelet dom ain

In orer to evaluate the filiering effect of each
algorithm: the follow ng aspects are considered: (1) the
ability of keeping the mean of inage directly measured by
meas (2) the deviation of the inage after denoising
measured by standard deviatios (3) the noise reduction
ability of fillers measured by Equivalent Nunber of Looks
(ENL): (4) the denoising effect of filtering m easured by
PSNR. Hewe the definition of ENL ig

1B
ENL (0. 522 /By

where B =4 vae(X) /B (301 X s /the, @y i valie of filté red
image var(X)and E(X) are variance and m ean

The defmnition of PSNR ig

Brightness inage of SAR
Amplitudein age of SAR

N><m.ax(xi)2
SixiT

where N is the size of the original mage x; and x; are

PSNR=10 I

the ith gray level of the original mage and the filtered
m age

Table 1 is the comparison of the filtering methods of
Curvelet and W avelet W e can see that all m ethods have
good capability n keeping the mean value of mages As
for the standard deviation of noise all methods show an
apparent decrease with a decline from top to bottom. and
soft threshold of Curwelet method perfoms best In the
aspect of speckle noise it can be seen from the equivalent
nimBerhofe bloksscthat! lall bl e thodsvperforntiwell whut
cuwelet filler woiks better than wavelet and soft
threshold works better than hard threshold Conceming
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peak signal to noise matio (PSNR), curvelet transfom
again outperfoms wavelet transfom- As for the edges
and texture it can be seen from the filiered inages that
curvelet denoising keeps the edges better than wavelet
denoising does which demonstrates that the cuwelet
based SAR mage denoising woiks better than wavelet
based method In all since cuwelet transfom is very
sensitive o orientations the reconstucted mage appears
as stripes if the noise is not fully ramoved i curwvelet

domain, whereas it appears as blocks in the wavelet case

Table 1 Quantity com parison of several demoising m ethods

M ean V ariance ENL PSNR

O riginal 97. 178 54. 625 0. 8594
W avelet hard 97. 031 48. 581 1 0907 21 591
W avelet soft 97. 082 48. 240 1. 0966 21. 730
Cuwelet hard 97. 127 46. 709 1 1791 21. 895
Cuwelet soft 97. 164 46. 515 1. 1880 22. 009

On rtaining edge and texture infomation we choose the
verge points in lower right of the Fig 1(a) and enclose
them by a thick ellipse liné the same is done in Fig 1 (b).
(¢) (d) and (e) According to the filiered mage Curevlet
denoising is betler than Wavelet in refaining edge
infomation Stripes can be observed in Fig 1(d) and (e)
whenas blocks can be observed in Fiz 1(b) and (c)-

> CONCLUSION

In this paper we apply FDCT to speckle noise

reduction of SAR image and perfom a comparison

against waveletmethod The experiments show that the
proposed not only restrains the noise w ith a better effect

but also ramains the edge and texture better
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