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Resumo O Este atigo apresenta um novo algoritmo para suprimir o ruido specke remanescente em imagens de radar de
abertura sintética (SAR) usando um agoritmo gque @mbina a #&ordagem maximum a pcsteriori (MAP) e wavdets.
Primeiramente aimagem ruidosa éfiltrada cm filtro MAP, e para suprimir o ruido remanescente, um segundo agoritmo
baseado em wavdets é glicado a imagem. Algurs par@metros o0 uilizados para avaliag® quantitativa desta nova éordagem
com respeito adistorgéo radiométrica eborramento de bordas. Experimentos tém sido redizados em imagens SAR reads.

Abstract 0 This paper presents a new agorithm to suppress the remanent spedkle noise in SAR images using an agorithm
based on the maximum a posteriori (MAP) approach combined to wavelets. The noisy image is first MAP filtered and to
suppressthe remanent noise asecondalgorithm based onwavelets is applied to the image. Some parameters are used in order to
obtain quentitative evaluation d the new approach with resped to radiometric distortion and to edge blurring. Experiments have
been caried ou in red synthetic gperture SAR images.
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1 Introduction

Synthetic gerture radar (SAR) is an adive wherent
all-weaher imaging system that operates in the
microwave region d the spedrum. Becaise of its
high resolution ratio and all-weaher charaderistics,
SAR is widely applied in many fields, such as eath
remote sensing, the mapping d mesoscde ocean
fedures, coastal monitoring, natural resources
monitoring, disasters and weaher forecating and
intelligence scout. Spedkle phenomena results from
the mherent radiation which appeas as a granular
signal-dependent noise, whaose dfed is to degrade
the performance of image segmentation and
clasdfication algorithms (AiazZz et al, 1998. In
order to owercome this rious drawbadk in SAR
images it is esential to reduce spedkle before
procedures sich as automatic target detedion and
recognition.

A variety of techniques is usualy employed to
reduce spekle and a good reoonstruction filter
demonstrates the following poperties: spedle
reduction in extended uriform regions, fedure
preservation, absence of artifads and radiometric
preservation (Oliver and Quegan, 1998. This means

that a goodfilter shoud smooth hanogeneous aress
while preserving edges and targets. The multil ook
technique is applied duing the radar signd
processng by averaging urcorrelated images from
nono\erlapping spedra to improve the radiometric
acarracy a the price of spatia resolution. Another
caegory of spedkle filtering techniques is based on
statisticd models and in the literature there ae
several sophisticated spatial filtering tedhniques that
are quite dfedive in supressng spedkle (Leg 19817).
Algorithms like the mean filter is often used for
reducing spedkle in radar images, even thoughit is
not effective in preserving boundries and pant
targets. Kuan and collaborators (Kuan et al., 1987
were the first to propose an adaptive nonlinea
purctua filter based onthe MAP approach for SAR
image filtering by assuming the multi pli cative model
for the spedkle noise, as well as one-look, quadratic
detedion and Gaussan apriori density.

Sant’ Anna (Sant’anna, 1995 proposed spedle
noise MAP filters for linea and quedratic detedion
SAR images using dfferent a priori densities. Using
a similar approach, Medeiros and collaborators
(Medeiros et al., 1998) propossed a norinea
adaptive filter based on the maximum a posteriori
technigue to reduce specle in orellook, linea
deteded SAR images, that was combined with the k-
means clustering algorithm. The k-means over
Changle Li’s coefficient (Li, 1988 in this proposed



filter is used to classify the noisy image in regions of
homogeneous gatistics, which are used as aguide for
choosing the best window size for parameter
estimation. Medeiros et al. in (Medeiros et al.,
199%) investigate the improvement that can be
adhieved by adopting adaptive neighbahoods within
the MAP approach aiming to find a better subset
around eah pixe (with variable shape ad size)
whose respedive statisticd information is more
suitable to perform thefiltering.

During the last decale several methods for noise
filtering based onwavelets were dso proposed in the
literature. Guo et al. (Guo et al., 1994 proposed a
computationally efficient wavelet shrinkage of the
logarithmicdly transformed image to reduce spedie
in SAR images while preserving the resolution o
originad image. The basic idea is to compute the
wavelet decompasition d the noisy signa or image
and to reduce the anplitude of the insignificant
detail s coeficients in wavelet subspaces using herd
and soft threshaolding. One of the advantages of this
approach ower the traditional methods is the fad that
the wavelet agorithm acdhieves the denadising in
multiple scdes. Aiazz and collaborators present in
(Aiaz4 et al., 1998 a multiresolution scheme relying
on lapladan pyramid to ded with multiplicaive
noise. Locd statistics filtering was applied to the
layers of the image pyramid and the results have
demonstrated that a superior filtering scheme can be
adiieved by wsing locd dtatistics and geometric
fedures.

Thiswork proposes a new spedkle noise filtering
agorithm that combines the MAP and wavelet
approadh. The noisy SAR image is filtered using the
MAP approach and It is assumed that the a priori
density follows a Gausdan distribution and the
condtional probability density function d the
speckle follows a Rayleigh (for amplitude and ore-
look image) and square root of gamma (for
amplitude ad multilook image) distribution
(Medeiros, 1999h. As a seaond step, an algorithm
based on wavelets and poposed by Fukuda and
Hirosawa (Fukuda and Hirosawa, 1998 is applied to
filter remanent speckle. The new overal filtering
algorithm performance is evaluated acording to
some quditative ad quantitative asessnent
techniques such as the radiometric distortion,
dispersion along straight borders and lines, better
classdiscrimination and visual assessment.

This paper is organized as follows. Sedion 2
introduces a fundamental badkground onSAR image
MAP and wavelet filtering including a brief review
of the multiplicative model and the distributions that
models the spedkle noise and the wavelet shrinkage
methods for denoising data. Also, in this £dion the
new agorithm is described. In the sedion 3 thereis
a description d the quality measures used to
determine if the remnstruction departs from the
expeded spedkle statistics, the dfeds on straight
lines and edges and radiometric distortion. Sedion 4
proceals with the simulations results and sedion 5
with concluding remarks.

2 Overview of the Filtering Algorithms

2.1 Maximum a Posteriori Approach

The model used for the noisy signd is given by Eq.
(1), where z; ; describes the amplitude of the noisy

observed pixel in linea detedion, X ; is the original
signal and n; ; is the noise with uritary mean. The

randan variables x and n are @amed to be
independent. The indexes i and j indicae the spatial
position ower the image.

Zi,j :Xi‘j.ni‘j (1)

The MAP estimator of x is obtained by
maximizing the a posteriori probability  density
function f(x|2), which can be related to the apriori
distribution f(x) through Eqg. (2). The cndtiona
distribution f(z]x) which describes the spedkle model
isaRayleigh a asquare root of gamma distribution,
depending onthe type of detedion:

f(z]x).f(x)
f(2)
Using the Gausdan a priori density the
MAP equation is obtained combining in Eq. (2) the
Gaussan a priori knowledge and the cndtional
probability density function d the spedkle (Rayleigh
type). The MAP estimator is given bythe solution d

f(x|2) = 2

2x* - 2p, X3 +4Ji x? —oinz2 =0

©)
The p and g7 parameters are estimated by the

sample mean and the sample variance The red and
pasitive root of Eqg. (3) whose value is between the
mean and the observed pixd is taken as the filtered
pixel value. Following the same procedure a above
but using the condtional probability density function
of the spedkle following a square roat of gamma
distribution, the MAP estimator is given by the
solution d (Medeiros et al., 1998h:

X*T2(N) = x3r2(N)p, + x?F2(N)2Ng 2 @
-0227°r?*(N+1/2)=0
whaose value is between the mean and the observed
pixel is taken as the filtered pixel value, N is the
number of looks and I'(N) is the value of the gamma
function.
2.2 Wavdet Transformation
A wavelet is defined by a set of functions given by
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which are trandated and scded versions of a mother
wavelet ¢(t). An integral transformation wsing the
functions in Eq. (5) as basis is cdled a wavelet
transformationis defined as foll ows:

ub. a):% fuow e @

When the aimisghility condtion concerning the
basis is stisfied, the inverse transformation
recmnstructs the origina signal. Daubechies (1990
found compadly supported orthonamal bases and
these ae named D2, D4, D6 and so on When the
Daubechies wavelets are implemented as a digital
filter, the larger the index i of D; is, the larger the
number of filter coefficients are non-zero, that is to
say, the longer tap the filter has (Fukuda and
Hirosawa, 1998. Mallat (1989 developed the
multiresolution  analysis theory using the
orthonama wavelet basis. The multiresolution
analysis expresss the spacethat a scding function
generates as a sequence of closed subspaces, where
ead space has a different spatial resolution. The
multiresolution anaysis is extended to two-
dimension by transforming the rows and columns
diredions, separately. A wavelet transform of an
image mnsists of four sub-images with a quarter
area The sub-image compaosed o the low frequency
parts in bah row and column dredion is iteratively
decompaosed into four sub-images level by level.

In this paper the proposed past-filtering
algorithm uses the Fukuda and Hirosawa scheme to
reduce the remanent spedle noise by threshalding
the anplitude of detall coeficients in wavelet
subspaces. In (Fukuda and Hirosawa, 1998 the filter
reduces pedkle while alges are retained by releasing
the anplitude aoundthem, where the information on
edges, contained in the detail images themselves, is
utili zed. Thisis dore by using windows for deteding
information on edged in detail images. The SAR
images were decompased into the wavelet subspaces
with apyramidal structure setting the subspaces level
(M) to be 5 as suggested by the aithors. The
Daubechies bases D2 and D6 presented the best
results.

3 Evaluation Methodology

To aswss the improvement brought by the
propased algorithm the filtered images are evaluated
acording to some apeds as radiometric distortion,
edge/straight  lines preservation, better class
dicrimination and hav the overal visua asped of
the image is improved. The quantitative measures
that are presented in the following were used to
investigate the filtering performance

a) The first one is presented in (Oliver and
Quegan, 1998 and consists of the ratio of the noisy

pixel, z ; , to the estimated ore, f(iyj , represented by

the expresdons:
Zi , J
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where Q is the number of pixels in the image. The
ratio, ry, shodd correspond to the statistics of pure
spedle noise (spedkle fluctuations) with urit mean
(MEAN_ratio). When the observed mean vaue
differs sgnificantly from one, it is an indication o
radiometric distortion. If the remnstruction foll ows
the original image too closely, the standard deviation
(VAR ratio) would be epeded to have a lower
value than predicted (e.g. when the origina image
has 2.2 effedive looks, the expeded standard
deviation for the intensity ratio image is 0.674)
(Oliver and Quegan, 1998.

b) The HoughTransform is used in this work to
extrad information abou the dispersion aong
straight borders in the filtered images. It is propased
in (Medeiros et al., 199&) the implementation d this
technique to describe astraight lineis asfollows:

xcosf +ysing = p (8)

where X, y indicate the spatial position o the pixel
over the image. The parameters (p,0) represent the
normal distance from the line to the image origin and
its orientation, respedively. A straight line passng
throughthe paint (x,y) represents a sinusoida curve
in the Hough space Hence a set of collinea points
on the binary image space orresponds to
intersedions of multiple sinusoids on the parameter
gpace To find a straight line in the binary image we
can set up a two-dimensional array in the Hough
space (p,6) and for eadr pant (x,y;) in the binary
image, we increment all the celsin the p,6 spacethat
correspondto the sinusoidal curve for that point. A
maximum court in a (p,6) bin corresponds to a line
segment passng through a maximum number of
pixels. After doing that for al paints, we gply a
threshold (badkmapping) to the acamulator array in
order to eliminate spurious information. The
surroundngs of the peds obtained in the final
Hough Transform (badkmapping) are anaysed in
order to quantify the distortions (dispersion) in
straight feaures known to exist in the original image
(e.g. images including man-made structures such as
buildings, etc.). The average value of the aeas of the
regions surroundng the pe&ks were obtained and
used as a measure of straight edge preservation
(Medeiros et al., 199%). The measure used to
evauate theresultsis given by
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where C; is the aea aound the pe& and N is the
number of pe&s.

To evauate the visual improvement and the
better discrimination o classes of the red filtered
SAR images the histograms and the respedive
images are shown in the foll owing sedions.

4 Experimental Results Applied to Real
SAR Images

The red images used to test the propased algorithm
areshownin Fig. 1andFig. 3.

a) In Fig. 1 an airbore SAR image over the
region o Freiburg, Germany, It is down an
amplitude and single look image, being fradion o
512x512 jixels of the SAR580 aiginal image.

b) Fig. 3 presents a481x481 jxels image of the
National Forest of Tapajés, Pard, Brazl, taken on
June 26, 1993 by the JERS-1 satellite. It is a three
looks, amplitude detected image.

Figure 1. SAR580 nasy image.
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Figure 2. Histogram of the SAR580 nasy image.

Figure 3. JERS481 nasy image.
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Figure 4. Histogram of the JERS481noisy image.

The graphs in Figs. 5, 6 and 7 illustrate the
performance of the propaosed filtering algorithm over
the SAR580 and JERS images using the MAP and
the Kuan filters combined to the wavelet approach.
Radiometric distortions over the SAR580 filtered
image ae investigated knowing that the theoreticd
mean value and variance of the spedkle fluctuations
are epeded to be dou 1 and 02732 respectively
for the Rayleigh model. The theoreticd mean value
and variance of the spedkle fluctuations for square
root of gamma model (JER$481image) are expeded
to be 1 and Q0865 respedively. As the first step o
the spedle filtering the Gaussan MAP filter and the
Kuan filter (Kuan, 1987 were gplied. The
algorithms did na preserve overall radiometric
acaracy becaise the mean vaues depart
significantly from the unitary mean. These results
also suggest that the Kuan filter introduces more
radiometric distortion than the MAP approach, when
combined with the wavelet denoising rocedure.
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Figure 5. Mean value of the spedkle fluctuations.
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Figure 6 - Variance of the spedkle fluctuations.



In Fig. 7 the results from S measure show that
the dispersion along the straight lines caused by the
Kuan-wavelet filter is greaer than the MAP-wavelet
scheme.
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Figure 7. S measure

The proposed filtering scheme was applied to
the SAR580 and JER$481 image and improved the
discrimination d predominant classes (regeneration
and forest) shown by the histograms. The original
speckled image has a very broad histogram whil e the
filtered ore tends to have valleys in its histograms,
resulting in a better discrimination d classs. It is
visualy naticed from theimagesin Figs. 8, 9, 10 and
11 that the spedkle fluctuations were reduced.

Figure 8. SAR580Gaussan MAP-wavelet filtered image.
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Figure 9. Histogram of the SAR580 Gaussan MAP-
wavelet filtered image.

Figure 10. JERS481Gaussan MAP-wavelet filtered image.
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Figure 11. Histogram of the JERS481Gaussan MAP-wavelet
filtered image.

5 Concluding Remarks

The ntribution d this work is to investigate the
performance of a new spedkle filtering algorithm and
from the results we can conclude that the proposed
algorithm performanceis satisfadtory with resped to
the parameters investigated onthese test images, but
there ae more aspeds to evaluate @& the SNR, the
best level to stop deacomposing the image, the more
effedive wavelet bases to use and so on This new
approach can be further studied and improved
considering these relevant aspeds.
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