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1. Introduction

This paper considers a decomposition technique of polarimetric synthetic aperture radar’s
covariance matrix which considers the azimuth rotation of each scattering component. This type
technique decomposes a covariance matrix into surface, double-bounce and volume scattering
components. Although the past techniques assume that the scattering components have the
reflection symmetry property, there is a possibility that the urban and mountain areas do not satisfy
it due to the azimuth rotation. Thus, we propose a modified decomposition technique dealing with a
compensation of the rotation. It is shown that the proposed method can remove influences of
rotation from the decomposition result and the polarization ratios between HH and VV in surface
and double-bounce scattering components can be estimated without an assumption that one of them
becomes 1 or -1.

2. Three-component decomposition

The scattering matrix and covariance matrix are defined as
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where < > denotes the ensemble average and the superscript * denotes the complex conjugate. Due
to the backscattering, it is assumed that S,y is equal to Syy. Freeman and Durden proposed a three-
component scattering model for POLSAR image decomposition based on covariance matrix. In case
of their decomposition, the covariance matrix is decomposed as
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where fg, fy and f, are the expansion coefficients. It is assumed that [C]hvsurface, [C]}'Vdouble and
[C]™yorme does not have (1,2), (2,1), (2,3) and (3,2) components due to the reflection symmetry

property.
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The decomposition results are obtained as
B=f,(1+[B] ) B =T (1+[e] ), R = 1., (5,a,b,c)

3. Modified three-component decomposition



If the azimuth rotation which means a rotation around the radar line of sight (LOS) is
considered to the covariance matrix, it is changed as
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where the superscript T denotes the transposition. The azimuth rotation affects the reflection
symmetry property. For example, <SSy > and <SSn/> in (4a) and (4b) are varied from zero
as follows

a) Surface scattering case
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b) Double-bounce scattermg case
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These influences appear in urban and mountain areas. For example, if a street pattern in urban area
is not parallel to a direction of radar platform’s orbit, a ground-wall structure is regarded to be
rotated in the projection plane as shown in Fig. 1(a). Moreover, a slope area on mountain is
considered that a flat area is tilted as shown in Fig. 1(b). Thus, three component scattering model
proposed by Freeman and Durden can not be applied to these areas where the reflection symmetry
is not satisfied. A rotation angle & in the projection plane that is perpendicular to range direction
can be estimated. The scattering matrix rotated by € is expressed as
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The elements of scattering matrix in circular polarization basis (LR) are derived the following
transformation.
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If Sy in eq. (9) is assumed to be zero, Arg(-S. Srr ) provides the rotation angle 6.
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Thus, an approximated rotation angle fin pixel of image can be estimated from the measured
POLSAR data and inverse rotation (-6) can be done by eq. (6). The measured data which has a
rotation angle is expressed as <[C(HV())]>. The data after turning <[C(HV(6))]> to -6 is denoted
as <[C(HV(0))]>. Then a difference between <[C(HV(8))]> and <[C(HV(0))]> is calculated. In the
case where the double-bounce scattering component is mainly rotated, the difference is derived as
follows
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Similarly, we can derive the difference in the case where the surface scattering component is mainly

rotated. The unknown parameters in eq.(12)are «, S, fs, and fq. If these parameters are estimated, the
power contributions of surface, double-bounce, and volume scatterings are derived as

o= f5(1+|ﬁ|2), R = fd(1+|06|2), P =Total Power —P,—P,,
Total Power =<|SHH |2>+2<|&V|2>+<|SN|2>. (13a,b,c,d)

In order to estimate the unknown parameters, we use a particle swarm optimization (PSO).
PSO is used to find an approximated global optimal solution to an optimization problem and has
been shown to be useful for optimization about a multidimensional problem in various applications.
A swarm is modelled by particles in multidimensional search space. These particles have a position
and a velocity and move in the search space due to two essential reasoning capabilities which are
related to their own best position and the best position in the swarm. Particles can communicate best
positions to each other and adjust their own position and velocity based on these good positions.
The velocity v and position X of nth particle are defined as:

Vi =a)kvl’(‘+C1rl(p£—xL‘)+C2r2(gk _X:)
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where @ is an inertial weight, C, and C, are an acceleration coefficient, r, and r, are a random
variable. p is the best position in each particle and g is the best position of the swarm. K is an
iteration index. In the optimization, the position and velocity of each particle is adjusted to
minimize or maximize a fitness of objective function.

4. Experimental results

In order to confirm the proposed decomposition method, the phased array type L-band
synthetic aperture radar (PALSAR) data was used. PALSAR is one of the sensors loaded on the
advanced land observing satellite (ALOS). The area selected for analysis is Nagasaki. A sample of
covariance matrix in urban area from the measured data is shown as

91015910000 -31067040000 +j 11393350000 58554320000 + j 18219650000 (1 5)
<[C(HV)]> =|-31067040000 - j 11393350000 79988990000 15411910000 - j 14286680000 '
58554320000 - j 18219650000 15411910000 + j 14286680000 78731890000

The data was made by 16x 4 spatial ensemble averaging. The rotation angle of eq. (15) was
estimated to be 32.3 degrees by eq. (11). To provide initial swarm, each unknown parameter was
chosen as 0<|0]<2, 90°<Arg()<270°, 0<|A<1, -90°<Arg(S)<90°. The estimated result is shown in
Table 1. Thus, it was confirmed that the effect of rotation is compensated and a volume scattering is
not dominant scattering mechanism in urban area. Since a radar cross section (RCS) of man-made
target is approximated by a sum of single, double and triple bounce scattering contributions using
Physical optics, it can be supposed that the dominant scattering mechanism in urban areas are
surface and double-bounce scatterings. The result of proposed decomposition method corresponds
to the scattering mechanism based on RCS calculation. Moreover, & and £ can be estimated without
an assumption that one of them becomes 1 or -1.



5. Conclusion

We proposed a decomposition technique dealing with a compensation of rotation in this
paper. The results showed that the influences of rotation can be removed from the decomposition
results and the polarization ratios between HH and VV in surface and double-bounce scattering
components can be estimated without an assumption that one of them becomes 1 or -1.
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Figure 1: Effect of rotation in urban area and mountain area

Table 1: Decomposition results by two methods

Estimated Estimated method

parameters Freeman & Durden Proposed method
Ps 0.0 1.47e+11
Pd 0.0 9.28e+10
Pv 2.49e+11 1.03e+10
o 0.0 0.76.£209.4°
Jij 0.0 1.00£7.9°
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