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ABSTRACT: Various algorithms of supervised or unsupervised classification processing have proposed for polarimetric 
SAR image data. J. J. van Zyl proposed an unsupervised classification algorithm that was one of representative methods 
based on the scattering mechanism of microwave. In this method, each target is classified using information based on 
Mueller matrices of the targets into three scattering types. In this study, we introduced the shape features of polarization 
signature diagram used as a tool for the polarimetric SAR data, and supplemented classes. Applying this proposed 
method to SIR-C data, some targets confused in the same class could be classified into the separate supplemented class. 
 
1. INTRODUCTION 
 

Polarimetric SAR observes the surface using multiple-polarization microwave, and various examples for geo-science 
applications have been reported [1]-[4]. Many supervised or unsupervised classification methods have been proposed for 
land-cover classification, and their effectiveness has been confirmed [5]-[7]. 

The classification based on the scattering mechanism proposed by J. J. van Zyl is a representative method for 
unsupervised classification using polarimetric SAR data, and some applications have been reported [8][9]. In this method, 
targets are classified to four classes constructed by three scattering types, odd number of reflections, even number of 
reflections, and diffuse scattering, and the others labeled “not classified,” so that different targets often classified the same 
class. For example, urban area and paddy field are classified to even number of reflections class when L-band data are 
used. 

In this study, we tried to classify each class more closely by introducing the information of the shape of polarization 
signature diagram to avoid the confusion. As the shape information, we use the position where back-scattering coefficient 
takes maximum value for linear polarization in χ-ψ coordinate system: χ is the ellipticity angle and ψ is the orientation 
angle of polarization ellipse. 
 
2. SCATTERING TYPES AND POLARIZATION SIGNATURES FOR THE UNSUPERVISED 

CLASSIFICATION BASED ON SCATTERING PROPERTIES 
 

The classification method based on microwave scattering properties proposed by J. J. van Zyl classify the targets to 



 

 

four scattering types [8]: 
z Type 1: Odd number of reflections are distinguished at the target 
z Type 2: Even number of reflections are distinguished at the target 
z Type 3: Diffuse scattering are distinguished at the target 
z Type 4: Others 

For example, spheres and trihedral corner reflectors are classified into Type 1, dihedral corner reflectors are classified into 
Type 2, and forested areas are classified into Type 3, respectively. Furthermore, the surface of the sea that occurs Bragg 
scattering is classified into Type 1, buildings and the vegetation that occurs even number of reflections by trunk or stalk 
and the ground are classified into Type 2. This vegetation often grows vertically, and the polarization signature diagram 
has the peak at VV polarization. Mueller matrix for the typical dihedral corner reflector model is expressed as the 
equation (1), and the matrix for the conductor model placed vertically added to the dihedral corner reflector model is 
expressed in (2) [1][10]. 
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The polarization signature diagrams made by these Mueller matrices are shown in Fig.1 respectively. From these 
diagrams, differences of the shape are shown. 

   (a) typical dihedral corner reflector model      (b) conductor model placed vertically added 
Fig.1: Polarization signature diagrams made by the equation (1) and (2) 

 
3. THE SHAPE FEATURE PARAMETER OF POLARIZATION SIGNATURE DIAGRAM 
 

As the parameter that characterizes the shape of polarization signature diagram, the position in the coordinate system 
defined by ellipticity angle χ and orientation angle ψ for polarization ellipse where back-scattering coefficient has 
maximum value is proposed. Especially, the targets are classified by the orientation angle ψ in linear polarization. When 
we consider like polarization, ψ = 0 or 180 indicates HH polarization, and ψ = 90 indicates VV polarization. The 
equation to calculate back-scattering coefficient from Mueller matrix is expressed in (3) [1][4][10][11]. 
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where, the subscript t, r means that polarization t is transmitted and polarization r is used to receive the scattered waves. 
When like-polarization is considered, χt, ψt is equal to χr, ψr respectively. For linear polarization (χ = 0), equation (3) can 
be rewritten as follows. 

    ( ){ ψψψχψχψσ 2sin2cos2cos),,,( 32221221110 mmmmmCttrr ++++=  

    ( )}ψψψ 2sin2cos2sin 33231331 mmmm ++++    (4) 

If the radar is mono-static such as SIR-C, Mueller matrix is symmetrical, that is, mij = mji (i, j = 1, …, 4). In this case, σ 0 
is 

    ( ){ ψψψχψχψσ 2sin2cos22cos),,,( 232212110 mmmmCttrr +++=  

( )}ψψψ 2sin2cos22sin 332313 mmm +++    (5) 

Applying the element of Mueller matrix derived from each target into (5), the orientation angle ψ where σ 0 has 
maximum value can be found. 
 
4. CLASSIFICATION ALGORITHM CONSIDERED THE SHAPE OF POLARIZATION SIGNATURE 

DIAGRAM 
 

The classification method proposed in this study is constructed by two steps, the classification based on the scattering 
mechanism (STEP 1) and the classification based on the polarization in linear polarization where σ 0 has maximum value 
(STEP 2). In the first place, whole pixels are classified into four classes by J. J. van Zyl’s algorithm. The next place, each 
pixel classified into scattering type 1, 2, and 3 is re-classified into three classes, σ 0 has maximum at HH polarization, VV 
polarization, and the others. That is, whole pixels are classified into 10 classes. 

The proposed algorithm is illustrated as flow-chart in Fig.2. In STEP 1, each classified pixel is labeled any one from 
“1” to “4.” In this step, labels correspond to the scattering types. In STEP 2, the classes are labeled from “11” to “33.” 
The first letter of the label indicates the class number of STEP 1, and the second letter indicates the classification item of 
STEP 2. The second letter is labeled “1” if σ 0 has maximum at HH polarization, the second letter is labeled “2” if σ 0 has 
maximum at VV polarization, and the others are labeled “3.” 
 
5. CLASSIFICATION RESULTS BY SIR-C DATA 
 

The data used in this study were obtained around Kashima, Japan, in 1994 by Shuttle Imaging Radar (SIR-C) on 
board the space shuttle “endeavor.” SIR-C observed the earth using two kinds of wavelength band, L-band (wavelength 
was 24.0 cm) and C-band (wavelength was 5.66 cm). Main parameters for the data are listed in Table 1 [12]. 



 

 

 
Fig.2: Flow-chart of proposed classification algorithm 

 
Table 1: Main parameters of used data 

Item L-band C-band 
Wavelength  24.0 cm 5.66 cm 
Data file No. pr45511 pr45512 
Data take No. 135.10 
Observation date October 8, 1994 
Altitude of antenna 230 km 
Incident angle at image center  23.1 degree 
Range resolution 25.0 m 
Azimuth resolution 25.0 m 

 
Table 2: Sizes of extracted areas (unit: pixels) 

Area Azimuth Range 
Sea 80 100 
Lake 100 90 
Urban area 60 70 
Paddy field 80 150 
Grass field 25 90 
Forested area 90 80 

 
Fig.3 illustrates HH polarization images of the objective scene and the extracted areas. In this figure, (a) is the image 

of L-band data, and (b) is C-band. The bottom of this scene is Kashima Bay, and thick black line lying at upper part of the 
scene is Tone River. There is Sotonasakaura Lake in the center of this scene. The area among two rivers contains paddy 
field and grass field. Main analytical areas were extracted by the size shown in Table 3. 

Comparing the classification results by L-band data with by C-band data, the results of L-band reflected more 
differences of targets. The tendency was seen in the results for STEP 2. Table 3 shows the classified rate of each class for 
extracted areas. 
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       (a) L-band HH polarization    (b) C-band HH polarization 

Fig.3: Images of objective scenes and extracted areas 
 

Table 3: Classification rate by L-band data of each class for extracted areas (unit: %) 
Class No. Sea Lake Urban Paddy Grass Forest 

1 99.66 91.15 16.10 14.62 20.89 33.35 
2 0 4.19 58.40 79.74 4.71 3.44 
3 0.34 4.66 25.31 5.64 72.22 60.36 
4 0 0 0.19 0 2.18 2.85 
11 0 0.29 6.29 2.93 5.87 8.67 
12 92.84 90.62 2.52 11.02 4.49 2.40 
13 6.83 0.24 7.29 0.67 10.53 22.28 
21 0 0.22 44.33 12.65 2.62 1.78 
22 0 3.97 3.93 67.05 1.60 1.29 
23 0 0 10.14 0.04 0.49 0.38 
31 0 0.06 11.81 0.67 20.62 15.79 
32 0.34 4.60 2.33 4.60 7.02 3.71 
33 0 0 11.17 0.38 44.58 40.86 

 
In the classification result for STEP 1, water areas (sea and lake) had many pixels classified into scattering type1, 

urban area and paddy field had many type2 pixels. Many pixels classified into type3 were contained into forested area 
and grass field. For the results of L-band data, it is remarkable that urban area and paddy field were classified into 
separate classes when STEP 2 process was also performed. From this result, we can consider to combine the class 20 with 
urban area and to combine the class 21 with paddy field. However, more shape feature parameters are needed to separate 
other type targets. 

 
 
 



 

 

6. CONCLUSIONS 
 

In this study, J. J. van Zyl’s unsupervised classification algorithm based on the scattering mechanism was expanded 
introducing the shape feature parameters of polarization signature diagrams. We proposed the orientation angle ψ of the 
polarization ellipse when back-scattering coefficient has maximum value in linear polarization. The proposed method 
was applied to SIR-C data, urban area and paddy field classified into the independent classes. Increasing the shape feature 
parameters, it will be able to classify the targets in detail. 
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