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An Algorithm Based on Wavelet-Domain Hidden Markov Models
for SAR Speckle Reduction

WU Xin-wei, ZHU Zhao-da, ZHANG Gong, GUO Chun-sheng
(College of Information Science and Technology. Nanjing University of Aero.&Astro. , Nanjing 210016)

Abstract Speckle noise is an intrinsic property of Synthetic Aperture Radar (SAR) imagery. The demand for
speckle reduction of SAR images is to smooth the speckle noise while preserving the structure information of the
original images. Existing speckle suppression methods possess respective merits and drawbacks, without universal
adaptability. Integrating the statistical characteristic of speckle noise in SAR images with wavelet-domain hidden
Markov models (HMMs) structure of images, we propose a new wavelet-domain speckle reduction method.
Simulation and experimental results using real data show that the proposed method is able to effectively suppress
speckle noise and to better retain edge structure. Compared with wavelet-domain soft-thresholding denoising
algorithm and Lee multiplicative speckle filter, the wavelet-domain HMMs method offers significant improvements
on smoothing speckle and preserving edge. In addition, the proposed method also gets a better visual effect.

Keywords synthetic aperture radar (SAR), speckle, wavelet transformation, hidden markov tree models (HMT)
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Abstract: A major problem encountered in enhancing
SAR image is the total loss of phase information and the
unknown parameters of imaging system. The beam
sharpening technique, combined with synthetic aperture
radiation pattern estimation provides an approach to
process this kind of data to achieve higher apparent
resolution. Based on the criterion of minimizing the
expected quadratic estimation error, an optimum FIR
filter with a symmetrical structure is designed whose
coefficients depend on the azimuth response of local
isolated prominent points because this response can be
approximately regarded as the synthetic aperture radiation

The

simulation shows that the angular resolution is improved

pattern of the imaging system. point target

by a ratio of almost two to one. The processing results of

a live SAR image demonstrate the validity of the method.
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INTRODUCTION

The synthetic aperture radar (SAR) has
been successfully improved to be an effective
imaging system applied in a wide range of
situations. And increasing attention is being paid
to the resolution of the radar output images'-*,

The [3~5]

noncoherent radar refers to the processing done

beam sharpening technique for

to the raw noncoherent radar data to create the

effects of equivalent antenna with narrower

beamwidth and consequently better angular

resolution than that of the real antenna, whose

physical resolution is a function of the
wavelength and antenna size.
In this paper, the beam sharpening

processing for noncoherent radar is introduced
into SAR image enhancement to achieve higher
apparent resolution. This method combines the
beam sharpening technique and estimation of the
synthetic aperture radiation pattern. It mainly
involves the optimum finite impulse response
(FIR) filter whose coefficients are obtained by
minimizing the expected quadratic estimation
error. The point target simulations are provided
to show that the angular resolution is improved
by a ratio of almost two to one. Moreover, the
method is also tested on live SAR data, and the
analyses of the enhancing performance indicate

the agreement with the simulations.

1 BEAM SHARPENING

It has been hypothesized that radar observed
data could be approximately modeled as the
convolution of the signals of ground targets
backscatter with the known spatial antenna beam
patternf®,

Let x be the reflectivity magnitude ‘of the
illuminated scene and y the envelope of the
received echoes, thus

y=Ax +n 1)
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where n is the random noise and A the antenna beam pattern matrix given by

B B TC DR AC) 0 w B ]
: h(2) h(1) h(0) 0
h(m — 1) h(2) h(1) 0
A= | AGn) h(0) (2)
0 ] h(1)
0 h(m) .h(m — 1) :
0 0 h(m) h(m — 1) =+ h %)

under the assumption that the vector of the
known antenna beam pattern is
H=T[h(0) hQ) = hGmn—1) h(m)]"
63
In practice, H is a finite-length vector with
symmetrical elements representing the mainlobe
samples of the antenna beam.
From y, inverse techniques can be used to
deconvolve the data. So we estimate the image x
with a FIR filter F such that

x = Fy (4)
where F can be expressed as
F =F(f) =
i fo f) f% f...—l fm )
f1 .'. .'. fm—l
fo fi '
f% f] fo f) f—,’,l =
*d f] fo
fm—l fl
S Sa e f2oe S S
SE )
=0
-Tr[E(,( AAT + ﬁ) E}] T{Eu( AAT + ﬁ) E,T]
T,-[E,(AAT+§,:—R)E§] Tr[EI(AAT—%——SNI—R)E,T]
_Tr[E,,.( AAT + STI'E) E3’] T [E,,.( AAT + ﬁ) E}]
rfu Tr(E,A)
fi _ Tr(E,A)
—f'u Tr(é,,.A)

where the SNR is defined as the signal-to-noise
ratio E (x"x)/E (n"n), under the assumption

that the components of x and n are independent

Here E: represents the constant matrices that
E,=1I is the identity matrix, E,is a matrix with
ones on the first sub and super diagonals, E, is
a matrix with ones on the second sub and super
diagonals, and so on. f ==
(fe fi = fuor fuJ" is the coefficient
vector composed of m +1 independent elements
of the FIR filter. Therefore, the order of this
linear-phase filter is 2m + 1 characterized by a
symmetric impulse response.

To obtain the coefficients of the FIR filter,
we minimized €, the expected value of the norm
of the difference between x and x

e=E{(x—x)T(x—x)} (6)
in which E denotes the statistical expectation.
The solution f* of this filtering operation can be
found by the standard method of setting
gradients de/d f equal to zero

j—}éo (7)

The final equation is the following

Tr[E,,( AAT + SNLR) E}] w T [E,,( AAT + sT{ui) E},‘]
Tr[E,(AAT+ﬁ)E}] Tr[E.(AAT-O-ﬁ)EZ:'
Tr[E,.(AAT+Sh+R)EIJ Tr[E,.(AAT+S,£R)E,T,]

(8)

with each other.
The factors playing important roles in

Eq. (8) are the matrix A and the parameter
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Fig. 2 Estimated synthetic aperture radiation pattern

(a) Original image

(b) Enhancement image

Fig. 3 Live SAR image

ment approach to a live SAR image with
intricate physiognomy. Fig. 3 (a) shows the
original SAR image which is severely blurred.
The size of the image is 512X 512 pixels. Fig. 3
(b) is the result obtained by applying the
described approach in the azimuth direction.
Careful inspection tells us that the background
of the image has been smoothed without
destroying gross trends, while the

characteristics of the target resolution have been

greatly improved, with a corresponding increase
in its amplitude.

These characteristics are more evident in
Fig. 4, which shows the response shapes of one
prominent point selected from Fig. 3. The
—3 dB beamwidth of the mainlobe is obviously
improved after employing the enhancement
processing. To further investigate the effects of
enhancement performance, the azimuth
resolution is also measured (Table 2). It can be
found that the azimuth resolution is improved by
a ratio of almost 1.6. Considering the
approximation of the estimation, this result

agrees with the simulation list in Table 1.

W)
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Normalized magnitude / dB
|
=S

(a) In original image

Lt v

Normalized magnitude / dB

5
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(b) In enhancement image

Fig.4 Azimuth cuts of prominent point response

Table 2 Measurements of the prominent point

Azimuth resolution

Response
(pixel)
Original response 6. 320
1. 582
Enhancement response 3. 995

In this live SAR image processing, the
parameter SNR is around 10 dB. It is determined

an—u-«-..-



