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Abstract. For detecting the deterministic targets in polarimetric synthetic aper‐
ture imagery, an improved method is suggested in this paper. A concise intro‐
duction is put forward about the principle of detecting single targets using
polarimetric fork at first. The first drawback of the classic method is that the
threshold of coherence can not be automatically obtained. The rest of drawback
of the classic method is that diverse scattering mechanisms share a same
threshold. A revised schema using Cloude-Pottier decomposition is suggested.
The distribution of entropy value of Cloude-Pottier decomposition is used to
calculate threshold. While a coarse classification is done on the image data and
this procedure can be employed to obtain the threshold of various scattering
mechanisms. An experiment is put into practice for measuring the validity of
detection. The new proposed method outperforms the classic method via the
experiment.
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1 Introduction

The remote-sensing technology via synthetic aperture radar is experiencing a period of
fast development, owing to its ability to cut through clouds and work without the solar
illumination. Compared with the single polarimetric system, the polarimetric synthetic
aperture radar systems, shorted for PolSAR, can gather much more features of ground
object. Thereupon great attention has been given to the data processing of polarimetric
synthetic aperture radar systems over the last two decades. The detecting and classifying
methods for observed object are developing rapidly in recently years. Among these
methods the category which exploited the polarimetric information of the targets is in a
period of rapid rise [1, 2].

This paper is mainly focused on detecting deterministic targets in the scene to be
observed. Deterministic targets usually correspond to some important objects, such as
artificial buildings and metal objects, in a scene [3, 4]. Single detecting procedure is
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indispensable to SAR image interpretation and other applications. Existing detecting
methods are divided into two categories: statistical approaches with a priori information
and physical approaches without a priori information. Traditional single target detecting
methods generally utilize the statistical properties of the target. The representative algo‐
rithm of the first category is ILR, which makes a substitution of covariance matrix with
a scaled identity matrix. However, this algorithm requires a priori knowledge of the
targets [5]. Another typical method of the first category is OPD, which exploits the full
statistical information of the target component and clutter component [6, 7]. As for the
physical approaches, the first representative one is called single channel detector. This
detector considers only the power of a sole channel, such as co-polarization or cross-
polarization channel. The single target detecting can be accomplished by calculating the
power of the selected channel [8]. The main shortcoming is that it performs less well in
respect of miss detections and false alarms. The second representative one is called PWF,
which is based on the principle of statistical signal processing and does not require a
priori statistical information. It has been demonstrated that it owns the best performance
among existing methods without a priori information. However this detector is also more
likely to yield miss detection due to weak targets and partially developed speckle [9].
In recent times, a new detector appears which exploits a special attribute of polarimetric
target response. This detector is a pure physical approach based on the response sensi‐
tivity to polarimetric changes. Based on polarimetric fork and perturbation analysis, this
detector can pick out the single target by their coherence value [10, 11]. However, there
exist two main drawbacks about this detector. At first, the threshold of the coherence
value can not be captured automatically. Secondly, a sole threshold is shared by all the
scattering mechanisms. Such scheme can be further revised. In this paper, amelioration
will be put forward for the single targets detection. The Cloude-Pottier decomposition
is combined with polarimetric fork to achieve the ends of detection. The rest of this
paper is organized as follows. In Sect. 1, we introduce the basic principle of detecting
single targets. The improvement to for classical method is presented in Sect. 2. A series
of experiments using some classic methods and new proposed method have been
performed in Sect. 3. Brief conclusions are drawn in Sect. 4.

2 Basic Principle of the Detector

2.1 Representation of the Scattering Mechanism

In general, the incident and scattered waves by imaging radar are respectively denoted
by EI and ES. As for the scattering process occurring at the target of interest, a matrix,
called scattering matrix, is commonly employed to express the relationship of the above
two waves. All the elements of the scattering matrix are called complex scattering
coefficients. The diagonal elements of this matrix are commonly known as co-polar
terms. Furthermore the off-diagonal elements are often called cross-polar terms. The
former relate in fact the incident waves and scattered waves of the identical polarization
state. The latter relate the incident waves and scattered waves of orthogonal polarization
state. This procedure is listed in formula (1).
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(1)

Furthermore, it is needed to assign a specific coordinate system because the values
of the scattering elements depend on the chosen coordinate system and polarization
basis. For simplicity our discussion will be limited in monostatic backscattering case,
in which the transmitting and receiving antennas are fixed at the same location. In general
case, the horizontal-vertical basis is most widely-used for describing the coordinate
system. The scattering matrix can be denoted as formula (2) in such cases. The terms
SHH correspond to the power return when the incident wave is in horizontal polarization
state and the scattered wave is also in horizontal polarization state. The denotation is
similar for the other three items. According to the reciprocity theorem, the scattering
matrix is symmetric with SHV = SVH. For the convenience of calculation, the scattering
matrix is often presented as a vector, which is denoted by the symbol Ω. This vector is
commonly called target vector, listed in formula (3).

(2)

(3)

It is very important to note that not all the target in natural scene can be simply
characterized by a scattering matrix. In fact, not all radar targets are stationary or fixed,
but instead changing in time. Most natural targets vary with time so that the wave no
longer has the coherent, monochromatic, completely polarized shape. Then the scat‐
tering procedure can be viewed as a stochastic process. In such cases, a new matrix,
called covariance matrix, is needed to denote this scattering process of targets, which is
called distributed targets. This matrix C3, demonstrated in formula (4) employs the
operator of assembly average to characterize the distributed targets.

(4)

2.2 Inner Mechanisms Using GPF

The primary principle of geometrical perturbation filter is based on calculation of polari‐
metric coherence. Polarimetric coherence is used to characterize the similarity of two
different scattering mechanisms, which is presented in formula (5). The variable i(Σk)
is the projection of scattering vector on a specific scattering mechanism. For acquiring
a perturbed scattering mechanism, it is needed to import a transformation named Huynen
transformation. After adopting such kind of transformation, nine parameters can be
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obtained. Then a new set of parameters can be gotten by a minor adjustment of one of
the nine parameters. This new set of parameters corresponds to a new vector which has
been perturbed. This new vector is very close to the original scattering mechanism in
physical property.

The detection procedure for single target is realized as follows. Firstly, the pixel to
be detected is selected and a neighboring windows of N * N pixels is determined.
Secondly, one scattering mechanism is picked out for detecting. A minor perturbation
is carried out for this scattering mechanism. Thirdly, the coherence value can be calcu‐
lated within the window in the first step. If the coherence value is higher than the
threshold T, then this pixel can be divided into the corresponding scattering mechanism.

(5)

(6)

3 Improvement of the Detector

3.1 Analysis for the Classic Method

Classic detecting method using geometrical perturbation filter and polarization fork has
been expounded in the last section. However the main drawback is that the hard threshold
value T = 0.98 is set for determining whether the target is single target or not. It is known
that the observed scene is variable, so that a hard threshold is irrational for these diverse
observed scenes. A simple example will be put forward here to demonstrate this problem.
Suppose that there is polarimetric SAR image I. Slight noise is added to this image I.
Then the coherence value calculated based on the noised image is different from the
original one. Then the hard threshold will bring some bias on the final result. Obviously
it is needed to design a dynamic threshold according to the specific scene. And the
dynamic threshold should not be calculated with the involvement of human factor.

3.2 Improved Detecting Schema for Single Targets

Based on the above analysis an improvement based on Cloude-Pottier decomposition
will be put forward for the purpose of capturing dynamic threshold.

Firstly, the entropy value, denoted by for each pixel of a specific PolSAR image will
be gotten after adopting Cloude-Pottier decomposition [12–14]. The entropy H charac‐
terizes the degree of statistical disorder of each individual scattering type within the
ensemble window. Besides, this parameter is defined on eigenvalues such that it is inde‐
pendent of the specific matrix basis. A large number of experiments have proved that if
the entropy value of one pixel is relatively low then it can be viewed as a single target.
A coarse threshold for this can be set to 0.3. Because the entropy value is obtained by a
weighted average within a neighboring window, it is less affected by the noise.

Secondly, the sole threshold is shared by diverse scattering mechanisms in the classic
method. Such schema is also not reasonable for these actual cases. Another parameter,
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named average alpha angle, can be employed to achieve a coarse classifying for diverse
scattering mechanisms. The average alpha angle can be used to classify roughly all the
pixels to one scattering mechanism. This tip can shrink the scope of the specific scat‐
tering mechanism. According the above coarse classification results the threshold for
each distinct scattering mechanism can be obtained. More specifically, a detailed step
for this revised algorithm will be listed as follows.

Step 1: Applying Cloude-Pottier decomposition on the selected PolSAR image I.
calculating the averaged alpha angle H and entropy value α for each pixel.

Step 2: Making a coarse classification for all the pixels in image I. For each classic
scattering mechanism, calculate the ratio factor R% after traversing all the
pixels within one specific scattering mechanism if the H < 0.3.

Step 3: For a specific scattering mechanism, calculating all the coherence value,
denoted by γ, and sorting all the pixels for this scattering mechanism according
to the ratio factor R % obtained in last step. The pixel located on top R%
coherence is the tipping point. The corresponding coherence value can be used
as threshold for this scattering mechanism.

The flow chart of this algorithm is listed in Fig. 1.

Fig. 1. Flow chart of detecting single targets.

4 Experiments

4.1 The Experimental Data and Schema

The dataset provided by Airborne Synthetic Aperture Radar (shorted for AIRSAR)
system from Jet Propulsion Laboratory (shorted for JPL) is selected to validate the
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effectiveness of the above proposed method. A quantitative measurement will be
performed on the sample data named DTH_VALLEY with its key parameters listed in
Table 1.

Table 1. Parameters for sample data DTH_VALLEY

Polarization Full

Slant range pixel spacing 6.6621 m

Azimuth pixel spacing 12.1569 m

In the first step of this experiment, it needs to build a library for classic scattering
mechanisms which includes six type of scattering targets. These are the odd bounce
scatters, horizontal dipole scatters, oriented dipole scatters, dihedral scatters, right helix
scatters and left helix scatters. The representing color for these six scattering mecha‐
nisms is listed in Fig. 2. The black one represents distributed scattering mechanism and
the green one represents odd bounce scattering, and so on.

Fig. 2. The color allocation for six scattering mechanisms (Color figure online).

In the second step, speckle filter is performed before detection. The Lee Refined filter
is selected to accomplish this task. Then Cloude-Pottier decomposition is carried out
with the yield of averaged alpha angle and entropy. The coarse classification based on
averaged alpha angle is done thereafter. The ratio factor R % can be calculated from the
statistical distribution of entropy value. The scattering model is selected from the library
successively and the corresponding coherence value is calculated from the covariance
data. The final threshold can be determined by sort the coherence value.

4.2 Experimental Results and Analysis

According to the experimental schema in the last section, the detecting experiment is
completed on the data of DTH_VALLEY. The detecting results in exhibited in Fig. 3.
The original Pauli image, the results using classic method without filtering, the results
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using classic method with filtering and the results using new proposed method with
filtering are presented in the subplot of Fig. 3. It can be seen from the second subplot
that the speckle noise can interfere the detecting results. It can also be seen from the
third subplot that the disturbance imported by speckle noise is alleviated after adopting
speckle filter. However some scatters can not be detected due to the hard threshold value
held by the classic method. The improvement can be viewed from the last subplot after
adopting our new proposed method. For quantitative measuring the detecting validity,
several entropy profiles of pixels selected are listed in Fig. 4. The first and second
subplots represent two single targets which are located in the top-left corner of the scene.
The entropy value is lower than 0.3 that can verify the detecting validity. In addition,
the last two subplots demonstrate that the target scatters is distributed targets due to the
vegetation interspersed in the hollow area of the scene.

(a) Original Pauli Image (b) Detecting results using classic 
method without filtering

(c) Detecting results using classic 
method with filtering

(d) Detecting results using new 
proposed method with filtering

Fig. 3. The comparison for detecting results on DTH_VALLEY image.
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(a) Entropy profile of pixel No. 1 
(single target)

(b) Entropy profile of pixel No. 2 
(single target)

(c) Entropy profile of pixel No. 3 
(distributed target)

(c) Entropy profile of pixel No. 4 
(distributed target)

Fig. 4. The entropy profile of four pixels.

5 Conclusions

The improvement program for detecting single targets in certain PolSAR imagery is
thoroughly explored in this paper. The main drawbacks of the classic detecting method
using geometric perturbation filter are investigated. One of the incoherent decomposition
operators, named Cloude-Pottier decomposition, is chosen to accomplish a coarse clas‐
sification. The parameters yield by adopting decomposition operators is employed for
determining threshold of the coherence. The new proposed schema for determining
threshold is validated in an experiment of sample data.
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