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SUMMARY  This paper examines polarimetric scattering characteris-
tics caused by a dihedral corner reflector of finite size. The dihedral cor-
ner reflector is a basic model of double-bounce structure in urban area.
The detailed scattering information serves the interpretation of Polarimetric
Synthetic Aperture Radar (POLSAR) data analysis. The Finite-Difference
Time-Domain (FDTD) method is utilized for the scattering calculation be-
cause of its simplicity and flexibility in the target shape modeling. This
paper points out that there exists a stable double-bounce squint angle re-
gion both for perfect electric conductor (PEC) and dielectric corner reflec-
tors. Beyond this stable squint angular region, the scattering characteris-
tics become completely different from the assumed response. A criterion
on the double-bounce scattering is proposed based on the physical optics
(PO) approximation. The detailed analyses on the polarimetric index (co-
polarization ratio) with respect to squint angle and an experimental result
measured in an anechoic chamber are shown.

key words:  finite dihedral corner reflector, double-bounce scattering,
radar polarimetry, POLSAR

1. Introduction

Polarimetric Synthetic Aperture Radar (POLSAR) has been
attracting attention in microwave remote sensing [1], [2].
POLSAR provides us scattering matrix over vast terrain area
which can be used to monitoring, surveillance and environ-
mental issues. One of the most important applications in
POLSAR data is classification or identification of target.
The classification is based on decomposition on physical
scattering nature. It has been reported that there exist three
main scattering mechanisms, i.e., surface scattering, double-
bounce scattering and volume scattering [3], [4]. Recently,
the fourth component is proposed in Ref. [5].

Here we focus on the double-bounce scattering. The
scattering is caused by for example road surface and build-
ing wall in urban area. These structures can be seen in
various man-made targets with respect to radar wavelength.
However, in actual POLSAR image analysis, the double-
bounce scattering is not always observed when the struc-
ture is aligned not orthogonal to radar line of sight. It is,
therefore, very important to investigate the angular depen-
dency of the backscattering from the structure. Although
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the physical reflection may be simple, however, a ques-
tion on the scattering characteristics comes out. How much
degree does the structure act as double-bounce scattering
target with respect to squint and/or incident angle? How
much size with respect to wavelength is enough for double-
bounce target? How does the total reflection power (radar
cross section: RCS) change with angle? Since the double-
bounce scattering is modeled simply as the scattering ma-

. 1 0
trix [S] = 0 -1
[3]-[5], these questions are essential to understanding and
decomposition of POLSAR data. These points are not in-
vestigated in the previous literatures [6]-[8].

In this paper, therefore, we model the double-bounce
structure as a composite of two thick plates (a finite dihedral
corner reflector) as shown in Fig. 1, and carry out polarimet-
ric scattering analysis by using the Finite-Difference Time-

in various decomposition methods

Plane wave z
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H
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Fig.1  Geometry of the problem (8: look angle, ¢: squint angle). (a) A
finite dihedral corner reflector, (b) Side view of the dihedral reflector.
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Domain (FDTD) method [9]. The validity of the FDTD
analysis for the finite model is first assessed by compar-
ing with the experimental result measured in an anechoic
chamber. After that, the squint angular dependency of both
the monostatic RCS and the co-polarization ratio is investi-
gated, since the squint angle is a critical parameter for the
dibedral structure. It is found from the FDTD analysis that
there exists a squint angular region where the phase of co-
polarization ratio is stable even though the RCS changes
~ drastically within the main lobe. This squint angular re-
gion can be observed not only for perfect electric conductor
(PEC) but also for dielectric corner reflector. The phase be-
havior may be considered as one of the double-bounce scat-
tering features. From the detailed examination based on the
physical optics (PO) approximation for large aperture target
model [10], [11], a criterion of the applicable squint angu-
lar range with the stable double-bounce scattering is finally
proposed by considering the feature of the function sin X/X.

Section 2 briefly introduces the scattering matrix and
the FDTD procedure in the polarimetric scattering analysis.
In Sect. 3, some numerical results and the detailed consider-
ation on the scattering features for angular change are pro-
vided.

2. Polarimetric Scattering Analysis
2.1 Scattering Matrix in Radar Polarimetry

In a polarimetric electromagnetic wave scattering problem,
when horizontal (H) and vertical (V) linear polarized plane
waves, E%, and E!,, impinge on a target, the scattered wave
contribution E* can be expressed as

g B |2 Sun Swv Eﬁtq
ES 7| Svr Sw || B,
= [S]E, 9]

where the subscript for each element in the 2 X 2 matrix part,
HH, HV, VH, VV, stands for the relationship of the polariza-
tion state between the scattered and transmitted waves. For
example, Sy is the vertical polarized scattering component
for a horizontal polarized transmission. The 2 X 2 matrix

[S]:[ Swr Sav } @

Sva Swv

is called the Sinclair scattering matrix, which is considered
as a scattering operator due to the existence of the target

for an arbitrary input E’. Also, in order to estimate various -

polarimetric properties, [S] can be transformed to several
matrix forms, the Mueller matrix, the Covarience matrix,
the Coherency matrix, and so on. Therefore, it is very im-
portant in the first process of polarimetric analysis to obtain
and evaluate the scattering matrix [S ] for the target.

2.2 FDTD Analysis for a Finite Dihedral

As depicted in Fig. 1, we will consider polarimetric scatter-
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Table1 Parameters in FDTD simulation.
Analytical region 350 x 350 x 350 cells
Cubic cell size A 0.01m :
Time step At 1.925x 10 s
Incident pulse Lowpass Gaussian pulse
Absorbing boundary condition Mur 2nd

ing problem when H or V linear polarized plane wave im-
pinges on a finite dihedral corner reflector. The definition of
H or V polarization is shown in Fig. 1(a). The plane wave is
transmitted from a radar and incident on the target as shown
in Fig. 1(b).

In this paper, the Finite-Difference Time-Domain
(FDTD) method [9] is employed to obtain the scattering ma-
trix for the finite dihedral corner reflector. The advantage of
the FDTD method is its flexibility in target shape model-
ing and specification of material constant. It is possible to
examine “edge effect” in the scattered field by simple mod-
ification of finite corner reflector shape and size. Incident
wave direction can be easily changed. This yields polari-
metric scattering characteristics at any look and squint an-
gles. The scattering matrix [S] is obtained by the far field
transformation. The fundamental parameters of the FDTD
simulation used here are shown in Table 1.

In the next section, we will examine the co-polarized
backscattering characteristics for the finite dihedral, for
which the magnitude of co-polarized component is much
larger (more than 20 dB) than that of cross-polarized one.
However, we must pay attention to very small scattering
contribution such as cross-polarized backscattering, because
the present FDTD simulation may not have enough preci-
sion for such case due to the accuracy limitation of Mur’s
absorbing boundary condition [9].

3. Numerical Results and Discussion

To find out particular polarimetric scattering characteristics
by the finite dihedral, FDTD calculations have been exten-
sively carried out.

The first step is to check the accuracy of the FDTD
analysis. Let us compare the FDTD numerical result with
the measurement one for the finite PEC dihedral model.
In the FDTD analysis, the target dimension is chosen as
L=10.02 (2.5m), H=10.04 (2.5m) and D=0.044 (0.01 m)
for the operating frequency 1.2 GHz. While, the polarimet-
ric measurement has been carried out in an anechoic cham-
ber at 10 GHz frequency. The dimension of the chamber is
about 3m X 3m X 2.5m. In the measurement, a frequency
scale model is employed. The size (L=0.3m, H=0.3m
and D=0.003 m) at 10 GHz is almost equivalent to that
of the FDTD analysis at 1.2GHz. Table 2 shows the co-
polarization ratio S yy/S g for both the FDTD and the mea-
sured results at normal squint angle ¢ = 0°. We can see
good agreements both for amplitude [Svyy /S gy| and phase
£(Svv/S ur). Hence, the validity of the FDTD analysis has
been confirmed for the finite target.

For the finite dihedral structure, the double-bounce
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Table 2  Comparison of co-polarization ratio Syy /S gy for scaled PEC
model with L = H = 101 (6 = 6; = 45°).

Finite PEC dihedral
Co-pol.ratio FDTD Measurement
(12GHz) | (10GHz)
o Amplitude 0.99 1.07
¢= Phase [dog.] 177 79
. g 2 T T
g |
= 15F -
Iy
=3
Q
S
©
_8 L
£ 951k  —o—:FDTD method N
E. ----: Fresnel infinite PEC |
L | L i 2 | L
OZ 4 6 8 10
Aperture size [ )]
(a)
240 T T T
180 == ] !

Phase of co-pol. ratio [deg.]

120 —o—: FDTD method 7
----: Fresnel infinite PEC .
1 1 M 1 " i M
60; 4 6 8 10
Aperture size [ )]
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Fig.2  Co-polarization ratio §yy/S gy for aperture size variation (8 =
0; = 45°,¢ = ¢; = 0°). (a) Amplitude, (b) Phase.

scattering feature may be dependent on the aperture size A
with respct to the radar wavelength, where A is defined in
Fig. 1. If the aperture size A is small, the edge effect will
act on the value of co-polarization ratio because the cross-
polarization component may be produced at the aperture
edge. So let us next show the aperture size A dependency
of the co-polarization ratio Syy /S yy. In Fig. 2, the aperture
is chosen as § = A X A (L = A) and the other parameters are
D =242(0.6m)at1.2GHz, 6 = 6y = 45° and ¢ = ¢y = 0°.
For a reference, the result for infinite PEC dihedral is also
included in the figure. From Figs. 2(a) and (b), one can ob-
serve that when the aperture size becomes larger than 82,
the amplitude of the co-polarization ratio tends to be almost
1, and the phase approaches to 180 degrees, respectively.
This polarimetric behavior is very similar to that for infinite
PEC dihedral. It is, therefore, considered that the edge effect
can be neglected for aperture size A > 8. Taking into ac-
count this consideration, the dimension of the dihedral will
be chosen as A > 84 in the following FDTD calculations.
Now, let us consider the polarimetric characteristics for
angular variation. Figure 3 shows the monostatic RCS val-
ues from the finite PEC dihedral for squint angle ¢ variation.
Here, the look angle 6 is not critical parameter for the struc-
ture, so it is constant as § = §; = 45°. Each dimension
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Fig.3  Monostatic RCS from a PEC dihedral reflector for squint angle ¢
variation (6 = 8; = 45°).
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Fig.4  Co-polarization ratio S yy /S gy from a PEC dihedral reflector for
squint angle ¢ variation (6 = 6; = 45°). (a) Amplitude, (b) Phase.

size of the PEC target is L=8.44 (2.10m), H=5.71 (1.42m)
and D=2.44 (0.60 m) at 1.2 GHz frequency, where the corre-
sponding aperture size A is about 81. One can observe that
for each polarization, the monostatic RCS in |¢| < 5° keeps
relatively strong value, compared to the further oblique re-
gion [#| > 5°. Strong back scattering is considered as one
of the particular double-bounce scattering features, so that
one may be able to regard the angular region |@| < 5° as the
double-bounce scattering angular region.

For more detailed polarimetric evaluation, let us next
examine the co-polarization ratio S yy /S gy. Figure 4 shows
the co-polarization ratio of the finite PEC dihedral for the
squint angular change, where the dimension size here is as
same as that in Fig. 3. In Fig. 4(a), the amplitude |S vy /S yxl
is close to about 1 when |¢| < 5°. With the further increase
of the aspect angle, |Syy/S gyl is rapidly reduced down to
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Fig.5 Monostatic RCS from a dielectric dihedral reflector for squint an-
gle ¢ variation (8 = 6; = 45°).
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Fig.6  Co-polarization ratio Syy/S gp from a dielectric dihedral reflec-
tor for squint angle ¢ variation (9 = 6; = 45°). (a) Amplitude, (b) Phase.

about 0.5. Also, it is observed in Fig. 4(b) that the phase
L(Svv/S ar) keeps almost constant value about 180° in the
angular region |¢| < 5°. From these polarimetric features,
it is again verified that the squint angular region |@| < 5° is
considered as the double-bounce scattering angular region.

Furthermore, Figs. 5 and 6 illustrate the FDTD results
for a dihedral corner reflecor composed of dielectric plates.
In the FDTD calculations, the same dimension size is used.
The relative permittivity &, and the conductivity o of the
material are chosen as 4.0 and 0.00667, respectively.

Figure 5 shows the monostatic RCS value from the di-
electric dihedral reflector for the squint angular variation.
In comparison with that for the large squint angular region
|| > 5°, the RCS within |¢| < 5° shows relatively strong
value. However, the value is always smaller than that for
PEC reflector model.

For the co-polarization ratio, it can be seen from
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Fig.7 The function (sinX/X)* for the angle ¢ variation (X =
kLcos@sing, L = 8.4, 8 = §; = 45°, f = 1.2GHz).

Fig. 6(a) that the amplitude |Syv/S gal is not close to 1.0
even for the small angular region |¢| < 5°. However, the
phase Z(Syy/S py) is roughly constant in |¢| < 5°, even
though it undergoes small oscillation change (Fig. 6(b)).
Taking into account these discussions, the double-bounce
scattering angular region for dielectric dihedral reflector
may be defined as follows: 1) The double-bounce scatter-
ing region is the squint angular range with relatively strong
back scattering, 2) The phase of co-polarization ratio tends
to be roughly stable in the angular region, although the am-
plitude is not always close to 1.0.

Finally, we propose a criterion for double-bounce scat-
tering angular region based on the numerical FDTD results
and physical optics (PO) approximation. Since the trou-
blesome edge contributions are negligible for large aper-
ture case as A (and L) > 82 at ¢ ~ 0, the double-bounce
scattered field by the finite dihedral may be considered as
the PO approximate one due to the equivalent uniform cur-
rent distribution on the aperture S (= A X L) of the target
[10], [11]. The approximate field is proportional to the func-
tion sin X/X, where X = kLcos@sin @, k is the wave num-
ber. Figure 7 displays the angle ¢ dependency of the inten-
sity (sinX/X)?, where L = 8.44, § = 45°. In comparison
with the above results for the finite dihedral reflectors, one
can immediately recognize that the derived double-bounce
scattering regions both for the PEC and dielectric refiec-
tors include the angle, ¢, = 4.83°, for the first minima of
(sin X/X)? in Fig. 7. This angle ¢, is derived for X = m, i.e,

¢ = sin"1(1/2L cos §). ‘ 3)

In large squint angular region over the first minima, the as-
sumed uniform distribution condition on the aperture may
not be satisfied, so that only for small angle ¢ < ¢, the
approximation sin X/X can include the double-bounce scat-
tering contribution with the stable phase feature. To confirm
the validity of Eq.(3), we made additional FDTD calcula-
tions not only for different size parameters but also for dif-
ferent conductivity under the condition A (and L) > 84. It
was verified from the results that the double-bounce scatter-
ing region is dependent on the lateral size parameter L of the
model, and independent of other parameters. It is, therefore,
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concluded that the criterion of the applicable double-bounce
scattering angular region can be given by the critical squint
angle ¢. obtained by Egq. (3).

4. Conclusion

In this paper, polarimetric electromagnetic wave scattering
analysis for a finite dihedral corner reflector has been car-
ried out by using the FDTD method. It has been found
from the extensive numerical calculations that there exists
a double-bounce squint angular region where the phase of
the co-polarization ratio is stable. A criterion of the appli-
cable squint angle region has been proposed by a consider-
ation based on the physical optics approximation for large
aperture target.

As a future development, taking into account the po-
larimetric angular feature of the discussed double-bounce
scattering, the accuracy improvement of the decomposi-
tion method based on three- or four-component scattering
model [3]-[5] will be considered in actual POLSAR image
analysis. We also intend to investigate the cross-polarized
backscattering for angular variation.
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