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Foreword

Spaceborne and airborne synthetic aperture radar (SAR) sensors have been
intensively applied to map, monitor and analyze the Earth: new operational
modes increase the flexibility of SAR sensors that are now able to obtain micro-
wave 2-D images as well as 3-D interferometry products within a wide range of
space and time resolution and coverage. However, the SAR data processing is
challenging due to the changing properties of targets (such as vehicles, ships and
buildings) and terrains for the electromagnetic waves with various bands, views,
polarimetric modes and configurations. Hence, the definition of new techniques
and algorithms for SAR data usage as well as assessment of existing methods for
SAR products exploitation are required.

Statistical modeling of SAR images is one of the basic problems of SAR im-
age interpretation. It involves several fields such as pattern recognition, image
processing, signal analysis, probability theory, and electromagnetic scattering
characteristics analysis of targets etc. At present, one of the major strategies of
SAR image interpretation is to use the methods of classical statistical pattern rec-
ognition which are based on Bayesian theory. To utilize these methods for SAR
image interpretation, a proper statistical distribution must be adopted to model
SAR image data.

Main purpose of this book is to discuss detailedly the models and applications
of statistical models for single channel and multi-channel SAR images. We sum-
marize and emphasize especially the new developing models based on our work.
Meanwhile, some important applications employing these developing models,
such as detection, terrain classification, etc. , are also reported in this book to
assess these statistical models. We expect this book could bring some positive as-
pects for influencing the forthcoming SAR interpretation. Moreover, this book
also provides an index for the researchers, as well as to advance the exploitation

of their data for monitoring applications.
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Chapter 1 Overview for Statistical
Modeling of SAR Images

1.1 Introduction

Statistical modeling of SAR images is one of the basic problems of SAR im-
age interpretation. It involves several fields such as pattern recognition, image
processing, signal analysis, probability theory, and electromagnetic scattering
characteristics analysis of targets etc. ). Generally speaking, statistical modeling
of SAR images falls into the category of computer modeling and simulation. At
present, one of the major strategies of SAR image interpretation is to use the
methods of classical statistical pattern recognition which are based on Bayesian
Theory and can reach a theoretically optimal solution""'?!, To utilize these meth-
ods for SAR image interpretation, a proper statistical distribution must be adopt-
ed to model SAR image data"'?!. Therefore, in the past ten years, statistical
modeling of SAR image has become an active research field™".

Statistical modeling is of great value in SAR image applications. Firstly, it
leads to an in-depth comprehension of terrain scattering mechanism. Secondly, it

[8-14]

can guide the research of speckle suppression , edge detection®!, segmenta-

[1,19-21] [16-18,99]
, b

tion classification target detection and recognition®7: 2311, for
SAR images, etc. Finally, combining statistical model with ISAR target database
can simulate various SAR images with variable parameters of aspect, terrain con-
tent, region position and SCR (signal to clutter ratio), so statistical modeling
can provide numerous data for developing robust algorithms of SAR image inter-
pretationt?*,

The research on statistical modeling of SAR images may be traced back to

the 1970’s. With the acquisition of the first SAR image in the U. S, , analysis of
1



the real SAR data directly promoted the development of statistical modeling tech-
niques. The speckle model of SAR images, proposed by Arsenault®*lin 1976, is
the origin of these techniques, which established the theoretical foundation of the
later researches. In 1981, Ward™ presented the product model of SAR images,
which took the speckle model as a special case. As a landmark of the development
of statistical modeling, the product model simplified the analysis of modeling.
Since then, many scholars joined this research area and many statistical models of
SAR images had been developed.

Since the 1990’s, with the coming forth of a series of airborne or space-borne
SAR platforms, the acquisition of SAR data is no longer a problem. Due to the
urgent demands for analyzing and interpreting the obtained image data, statistical
modeling has drawn much attention and become an active research area.

In recent years, many famous research organizations are doing research on
SAR statistical modeling'®!, and great progress has been made. According to the
collected literatures, from 1986 to 2004, there are more than 100 papers dealing
with SAR statistical modeling published in some famous journals such as IEEE-
AES, IEEE-IP, IEEE-GRS, and IEE, etc. and in some international confer-
ences such as SPIE and IGARSS. The related papers, which use SAR statistical
model for the purpose of segmentation, speckle suppression, classification and
target detection and recognition, are uncountable. Much creative research has
been made. Proc. Oliver, an English scholar, published his monograph Under-
standing Synthetic Aperture Radar Images in 19981, The book includes 14
chapters, two of which discuss the statistical modeling technology. It summari-
zes related techniques on SAR statistical modeling before 1997. After 1997, liter-
atures on SAR statistical modeling can be seen in the famous journals almost ev-
ery year. The most attractive achievement among them is the statistical modeling
on extremely heterogeneous region of SAR images proposed by Frery'®! who
works in Brazil. The originate ideas are introduced that SAR image can be divid-
ed into homogeneous regions, heterogeneous regions and extremely heterogene-
ous regions according to their contents for the purpose of statistical modeling.

Further more, statistical modeling of SAR images is taken as one of the main
2



contents in more than 20 doctors’ dissertations of UMI and in the research re-
ports from Belgium Royal Military Academe. While numerous statistical distri-
butions have been proposed to model SAR image data, we are unaware of any
surveys on this particular topic. It is necessary to categorize and evaluate these
models and relevant issues.

The main contribution of this survey is the classification and evaluation of
the statistical models of SAR images existed currently. The vital and latest con-
tributions have been covered also. The survey is organized as follows. Section 1.
2 illustrates the classification and the research contents of statistical modeling. In
Section 1. 3, current statistical models are discussed in detail. The relationship of
them and their limitations in applications are pointed out. Major conclusions and
developing trends of statistical modeling are also presented. We conclude the sur-

vey in the final section.

1.2 Model Classification and Research Contents

According to the modeling process, the statistical models of SAR images can

(2:44.45.72,77] . harametric models and nonparametric

be divided into two categories
models. When dealing with a parametric model, several known probability distri-
butions of SAR imagery are given at first. Usually, the parameters of these dis-
tributions are unknown and have to be estimated according to the real image da-
ta. Finally, by using some certain metrics, the optimal distribution is chosen as
the statistical model of the image. While handling a nonparametric model, no dis-
tributions have to be assumed, and the optimal distribution is obtained in a way
of data-driven of image data. The merit of the nonparametric models is that they
make the process of statistical modeling more flexible and can fit the real data
more accurate.

Since nonparametric modeling involves complex computation as well as nu-
merous data, it is usually time-consuming and cannot satisfy the requirements of

[44]

various applications Consequently, parametric modeling is intensively stud-

ied. The process of parametric modeling can be described in brief as to choose an
3



appropriate one from several given statistical distributions for the image to be
modeled. The process is shown in Fig. 1. 1. According to Fig. 1. 1, the process of
parametric modeling consists of: (1) analyzing several known statistical distribu-
tion models; (2) parameter estimation: estimating the parameters of different
distribution; (3) goodness-of-fit tests: assessing the accuracy of the given models

fitting to the real data.

____________________________________________

l known distribution 1

parameter estimationH evaluation metrics
l known distribution 2

SAR image [-|parameter estimation |—>| evaluation metrics
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Fig. 1.1 A general flow chart of parametric modeling

1.2.1 Parameter estimation

Several strategies have been proposed in the literature to deal with parameter

[45]

estimation-*™, The two most frequently used methods are probably the “method

of moments” (MoM )19 " and the maximum-likelihood (ML) methodolo-

[27,72,95]

gy Recently, the method of log-cumulants (MoL.C) is also included as a

possible parameter estimation approacht®%1%],
1.2.2 Goodness-of-fit tests

A number of methods for quantitatively assessing the validity of statistical
models in light of sample data have been developed over the last hundred years.
Many of these methods place the problem in a statistical hypothesis testing
framework, pitting a null-hypothesis H, , an assertion that the data were not
generated according to the model, against an alternative hypothesis H, , an as-
sertion that they are not. The methods are then implemented by computing some
statistic of the random observations that has a known distribution if H, were

true. Values of this quantity close to zero are interpreted as evidence that H,
4



