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Abstract

At high frequencies the electromagnetic scattering from a complex object is
modeled by certain scattering centers. The physical optics bistatic and mono-
static scattering matrix properties of a flat plate model of such a scattering
center have been developed in detail. Analyzing these model scattaring matri-
ces, a procedure for recovering the high frequency scattering centers from

mul ti-static polarimetric scattering matrix data is reported.

Tne bistatic scattering matrix for a multipath scattering problem, involving
an isolated scattering center over an infinite planar reflecting surface has
been derived. The difference between this case and the two physical scatter-
ing center models has been clearly demonstrated.

Introduction

Electromagnetic scattering from a complex object, at high frequencies (physi-
cal optics, geometric optics), is dominated by certain specular components.
The locations of these specular points on the complex object are known as the
scattering centers. Generation of these scattering centers is dependent on
the geometry of the object with respect to the aspect directions of the trans-
witter and the receiver (bistatic system). It has been suggested that the
knowledge of the locations and the local geometries of these scattering cen-
ters can be useful in developing identification and pattern recognition algo-
rithms [1].

In the present presentation, for the microwave multipath target imaging anal-
ysis, the multipath returns have been modeled as "image scattering centers"”
since these are not actual scattering centers, the bistatic scattering matrix

will show behavior that are different from those of the physical scattering
centers.

Problem Formulation

For the electromagnetic scattering analysis, the isolated scattering center is
modeled as a conducting rectangular flat plate whose sides are given by vec-

tors 5, and sp and the unit vector to the flat surface is given by n. The lo-
cation of the scattering center with respect to a fixed global spherical coor-

dinate system is given by d. Determination of (n, 515 So» d) from the multi-

static polarimetric scattering matrix with plane wave incidence) data is
known, in the context of the present work, as the "scattering center recovery"
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problem [1,2].

To obtain the bistatic scattering matrix {BSM) of the above defined scattering
center, first the physical optics approximation is used to obtain the induced
current on the flat plate due to an arbitrary directed plane wave incidence.
Huygen's theory of secondary sources is subsequently used on this induced sur-
face current to obtain the far-field BSM of an isolated scattering center.

This derived BSHM has been analyzed successfully to extract the unknowns n,
(§1, $p), and d from the radar measurable input data f1].

When an isolated scattering center is located near a reflecting surface, the
receivers will not only collect the direct scattered signal from the target
but will also receive scattered energy "bounced" off the raflecting surface
(see Fig. 1). This situation is referred to as the multipath scattering prob-
lem. The energy reaching the receiver after bouncing off the interface
{path-2 in Fig.1l) can be accounted for by introducing an image of the scatter-
ing center as shown in Fig. 1. 1In other words, the physical problem of an
jsolated center on the reflecting surface is equivalent to a model consisting
of the pair of scattering centers, a (physical center), and a' (image center)
in the free space (this model will be called a doublet-center from here- on).

Summary of the Doublet-Center's BSM Analysis

Before the above model of the multipath scattering problem is analyzed the
following difference between the two physical scattering center model and the
doublet-center model must be observed:

If a and a' were two real scattering centers, the currents induced on the
two centers will have different phases and different magnitudes.

If on the other hand a' was the image of a, then the currents induced on
a' in 353(§3 = 53353) and 554(54 = s4§54) direstions willhbe negative (-)
of that induced on 'a' in a l(s) = s;as)) and a.2(s, = 5,3.2) directions,

respectively, i.e., the induced surface currents on a and a' (ga, ga.,
respective]yf are,

= a A jepa
Ja 7 Us135) * Igp22) &7 (1)

= (<d 13 4 - i .2 jva
dar = (Js135) - Js250) @ : (2)

Thus it is clear that the initial formulation of the two scattering centers
problem has to be modified for the doublet-center model of the wmultipath
situation.

In Fig. 1, let (§1, S5 n, d), and [§i, 55 n', d') define the parameters of

the physical center and the image center, respectively. For an arbitrary
plane wave incidence, the current induced on the physical center itself is
given by {(with k = 2a/a),
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Ja = 2mxH; = 2nxHpexp(-Jk|ri-d| + jkkiery) , or
a) = (Jg13g 1 goap)exp(-dkiry - d| + jkk;ery) (3)

and the corresponding induced image curent on a' is,

Jarlrar) = (<5135 - Igpagp)exp(-dkiry - d| + Jkkyery) )

(Note, the exponential term is the same in )., J,/)

Here fé, and gé. are the position vectors to a general observation point on a
and its image on a', with respect to the local coordinate systems (asl, LION
n) on a and (as.z, 35.1, n) on a', respectively. Using the image relation-

ship, the correspondence between the position vectors r; and rj. can be ex-
pressed as follows:

if the local position vector to a point on a, (r!) is given by

-~ -

ré = xaasl * Yals2 s (5)

then the local position vector to the corresponding point on a' will be given
by

Tyt = Xgdgr * Yaagip - (6)

Jsing the problem formulation described earlier, the vector potentials due to
the currents given in (3) and (4) can be obtained. ising these vector poten-

tials the elements of the BSM can be calculated. A detail derivation of these
results is documented in [2].

Sumnary of the Results

The BSM for a multipath scattering problem involving an isolated scattering
center over an infinite planar reflecting surface, has been derived. The dif-
ference between this multipath model (doublet-center) and the two scattering
center model has been clearly established. A scheme to recover the parameters
of a doublet-center from its BSM model is being studied currently. For this
recovery, the distinct nature of the expressions for the co- and cross-polar-
ized elements in the BSM are being exploited. Once the recovery model for the
doublet-center is established, it can be used as a building block towards the
solution of the multiple doublet-center problems.
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Figure 1: Geometry of the Multipath Scattering Problem
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