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A method for modeling full polarization radar targets is
considered. The approach taken is to estimate a set of target
features which describes the target as a set of attributed scattering
centers. Each scattering center is characterized by its range,
amplitude, and a polarization ellipse. An exponential model for
the fully polarized radar return is described, and an algorithm
for estimating the parameters in this model is developed. The
modeling procedure is applied to compact range measurements
of model aircraft.
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I. INTRODUCTION

The processing of fully polarized radar target
scattering data in order to gain more information about
the target is considered. Presently the capabilities
of most operational radar systems are limited to the
detection of an aircraft and the determination of its
position and velocity. It is of interest to gain more
information about the physical structure of the radar
target for the purpose of identifying the target.

To arrive at the goal of determining such
information, this paper considers a method for
modeling of radar target signatures from a set of full
polarization stepped frequency measurements of the
target. Many ways of processing stepped frequency
radar measurements have been developed [1-10].
Here, the target signature is modeled using a full
polarization exponential model, which characterizes
the target as a set of scattering centers each
parameterized by its range, amplitude, and polarization
ellipse.

One application of this exponential modeling
procedure is the automatic target recognition (ATR)
problem. A block diagram of an ATR system is shown
in Fig. 1. In this system, measurements of known
targets are processed into a set of feature vectors 6;,
where each vector describes a target class. This catalog
of feature vectors is stored for use in classification. In
the operation stage, measurements of an unknown
target are processed to obtain an estimated feature
vector §. This estimated feature vector is compared
with the catalog, and the “closest” match is found to
identify the target. In this paper we address the signal
processing block of the ATR system in Fig. 1.
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Fig. 1. ATR problem.

The signal processing operation has a major impact
on the performance of the ATR system, and is the
focus of this work. One desires a feature vector §
which is small in dimension (to keep the computational
requirements of the classifier at a modest level), but
at the same time has little or no information loss as
compared with the original measurements. In addition,
the features in § should be robust to effects of noise,
clutter, and small changes in target orientation.

One choice of the feature vector is the direct,
stepped frequency scattering measurements. One
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can apply parametric or nonparametric statistical
decision theory techniques to this feature vector [1, 3,
4]. However, working directly in the frequency domain
can have disadvantages. For example, in a wideband
radar system, many frequencies may be used, so the
length of the feature vector may be prohibitively large,
making the classification procedure computationally
intensive. Also, this feature vector is sensitive to
changes in target orientation, and to changes in target
configuration (such as the addition of stores).

Another approach (and the one considered
here) is to estimate a time domain feature vector
which describes the target. The advantages of time
domain characterizations are that the target can be
modeled as a relatively small number of scattering
centers (thus reducing the dimension of the feature
vector) and that these scattering centers have a direct
physical interpretation. This idea has been used for
some time for single polarization measurements;
the approach is to locate scattering centers either
by taking the fast Fourier transform (FFT) of the
frequency measurements and locating the peaks [2], or
by using parametric models, such as autoregressive or
autoregressive moving average models, to parameterize
the peak response profile [2, 6, 7].

When multiple polarization measurements of a
target are available, polarization properties of the
targets can also be used as features. Several authors
have considered the importance of polarization effects
of a target [8-14]. In [8-10] a new way to examine full
polarization data is presented; this method provides
a description of the interaction of a target with an
incident radar wave using the concept of a transient
polarization response (TPR). In the TPR concept,
the target is illuminated with an impulse of circularly
polarized radiation; as the circularly polarized
electromagnetic pulse impinges on each scatterer
on the target, the scatterer interacts with the pulse
and reflects a wave back with a polarization which
is determined by the configuration of that scatterer
[8-10]. The leading edge of a wing, for example, could
be expected to return a horizontally polarized wave if
it were illuminated from a nose-on aspect angle with
no roll. This type of analysis provides a more complete
and descriptive representation of the target than can
be obtained from a single polarization signature. Thus,
scattering centers are characterized by range, energy,
and their polarization effects on a circularly polarized
incident wave, which are in general elliptical. In reality
a target is not a finite sum of discrete scattering
centers but rather has a continuous TPR; thus the TPR
is examined where it has high energy content and a
scattering center (along with its polarization ellipse) is
assigned to that point in the down range.

Nonparametric techniques for extracting scattering
centers and their corresponding elliptical polarization
returns have been developed in [8-10]. The technique
entails taking the FFT of the full polarized, stepped

frequency scattering data to form a transient response
profile. Scattering centers are estimated by fitting
ellipses to the high amplitude portions of this profile.
The amplitude and orientation (ellipticity and tilt) of
each ellipse is used to characterize the polarization
features of each scattering center.

This paper extends the work in [8, 10] by
developing a full polarization parametric model of the
transient polarization response. This model provides
a higher resolution and a reduced set of data with
which to identify a target. This offers some advantages
over the nonparametric technique in [8, 10]. First,
scattering center ranges and polarization ellipses are
directly estimated; this eliminates the need for the
ellipse-fitting scattering-center extraction step used in
the nonparametric method. Second, the parametric
technique is capable of higher resolution than the
FFT-based method, and can resolve closely spaced
scattering mechanisms which the FFT-based methods
cannot resolve. This latter point is important for small
bandwidth radar applications. It is also important in
high fidelity scattering analysis of objects, where one
wishes, for example, to separate a direct scattering
component from a closely spaced creeping wave
component.

In Section II the full polarization, exponential data
model is introduced, and a procedure to find ranges
and polarization ellipses from the model parameters
is outlined. Section III presents an algorithm for
finding the parameters of the exponential model from
scattering data. Section IV presents simulation results
from a simulated model, a simplified aircraft model,
and scale models of five commercial aircraft. Finally,
Section V concludes the paper.

Il. EXPONENTIAL PARAMETRIC MODEL OF TARGET
SIGNATURES

Assume we are given a sct of full polarization
scattering coefficients which are measured from a
target at a set of stepped frequencies f,, n =1,2,...,N
(see [3] for details). We denote these coefficients as
Spn (), Son(f) = suv(f), and s,,(f), where the first
subscript corresponds to the receive polarization
and the second subscript corresponds to the transmit
polarization.

The inverse Fourier transform of each set of
scattering coefficient data {s,,(f,)}\., gives a time
or down range impulse response of the target for that
polarization [2]. The FFT is often used to compute
the impulse response from the scattering data. Various
scattering mechanisms will affect the various returns
and appear as impulsive responses in the range
domain. If these returns are coherent, then scattering
mechanisms will appear in one or more polarization
returns, and cause impulsive responses at the same
range in the range domain. In this way the sets of data
can be used together to identify scattering centers.

460 IEEE TRANSACTIONS ON AEROSPACE AND ELECTRONIC SYSTEMS VOL. 27, NO. 3 MAY 1991




The polarization properties of each scattering
center can be more clearly seen by considering the
horizontal and vertical responses to a circularly
polarized transmit signal. Left circular has been
arbitrarily chosen since, on a macroscopic level, the
features of a target appear the same to both left
and right circularly polarized transmit fields. In the
frequency domain, these scattering coefficients are
denoted as s;;(f») and s,;(f,), respectively. These
scattering coefficients can be obtained from the
horizontal-vertical scattering coefficients using the
following transformation [8, 10]:

)=l el e o

The so-called TPR is found from the inverse
Fourier transforms s;;(r) and s,;(r) of the scattering
coefficients s3;(f,) and s,;(f.). Specifically, the TPR
is the plot of the curve (sx;(r),sv:(r)) as a function
of range r. This curve has the appearance of a set of
smoothed, connected ellipses as a function of range,
where each ellipse corresponds to a scattering center
on the target [10, 8].

In the frequency domain, the TPR can be modeled

ol

k=1 LGk

as
n=1,.,N. (2

Here it is assumed that there are M scattering
centers. Each p; in (2) is a “pole” of the model, and
corresponds to a scattering center on the target; the
argument of the pole corresponds to the range of
the scattering center, and the magnitude of the pole
corresponds to the range dispersion of the scatterer.
The amplitudes ay; and a,; are the (complex-valued)
horizontal and vertical amplitudes, respectively,
associated with the kth scattering center. These
amplitudes give the polarization properties of each
scattering center. For an ideal point scatterer |px| =1,
but for more realistic targets it is useful to assume that
the scattering will be attenuated slightly as frequency
either increases or decreases, so |px| will vary a little
bit around one.

The inverse Fourier transform of (2) gives the
impulse response vector

()] - [k 1
s l(r) - Z a e—J2xr/R _ Dk ’
v k=1 vk
0<r<R ?3)

where R is the maximum unambiguous range; R given
by R = c/2Af for propagation velocity ¢ and frequency
step Af. It can be seen from (3) that each pole causes
a peak in the TPR for ranges (times) at which the
incident wave is reflected. Thus, the ranges of these
scattering centers are related to the angles of the poles

located; if Zp;x denotes the angle of the kth pole, then
the (relative) range of the scattering center is given by

Lpk
S @
The fact that the angle of a pole can only be between

0 and 27 rad corresponds to an unambiguous range of
R.

Iy =

The horizontal and vertical amplitudes associated
with each pole contain the information about
polarization characteristics of each scattering center.
These response polarizations are in the form of an
ellipse. For each scattering center, the tilt 7, and
ellipticity €, of this ellipse can be found from the
following equations [8, 15]:

7 = ptan~! [tan(2yx) cos(6x)) ®)

€ = %sin"l (sin(27yx)sin(6x)) ©)
_ -1 |avk|

e = tan (Iahk|> O

O = Lay — Lap. @)

The above calculations lead to use of only one quarter
of the Poincaré polarization sphere. To avoid this
ambiguity, the following alterations to the tilt need to
be made [8]:

T+ o
v+ =
Tk = 2

T+
The major axis A of each ellipse can be determined

as [8, 15]

Ay = ||ank| cos(ri) + |ayi|e/® sin(r)]| -

if 7k>zr-

4

x ®
if 7kgz and 7 <0.

(10)

This set of parameters {ry, Ag,€,Te; kK =1,...,M}
provides a concise description a target. This parameter
set characterizes a target as a set of M scattering
centers, each described by range, amplitude, and
ellipticity and tilt of a scattering polarization ellipse.

If used in an ATR system, this set of parameters would
form the feature vector 6; for each catalog entry.

ll. ESTIMATING EXPONENTIAL PARAMETRIC
MODEL FROM DATA

This section presents an algorithm for estimating
the model parameters in (2)—(10) from scattering
center data. The algorithm consists of three steps.
First, the poles are estimated using linear prediction.
Next, the amplitude terms are estimated using a least
squares technique. Finally, the amplitude terms are
converted into polarization ellipse parameters which
describe the polarization ellipse of each scattering
center.

The first two steps involve estimating the poles
and amplitudes of a damped exponential model. This
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problem has been well studied in the time series
analysis literature {16, 17], and successful algorithms
for single polarization data have been developed [7].
The algorithm below represents a generalization of the
one in [7] for the full polarization data case.

First, the poles are estimated using backward linear
prediction coupled with least squares [16-18]. The
backward linear prediction equations can be written
as follows:

o su(l) sw(2) Sn1(3) sm(L +1)7
Shi (2) Shi (3)
S(N—-L) sy(N-L+1) su(N)
su(l) @ sa0) sa(L+1)
Svi (2) Sl (3)
[su(N=L) su(N—L+1) s(N)
1
by
x| . |=0 11)
by
or 1
S [I;] =0 (12)

where L is the order of prediction, and b is the
coefficient vector of the polynomial B(z) given by

B@y=14byz7' +..- +bp27L. 13)

Ideally, L can be any integer greater than or equal

to the model order M; in practice, choosing L > M
results in more accurate parameter estimates. Note
that both s;;(f) and s5,;(f) are used simultaneously
to estimate a single set of prediction coefficients (and
therefore, a single set of scattering centers).

The solution of (11) involves obtaining a singular
value decomposition of the matrix S and truncating
all but the first M singular values to arrive at a noise
cleaned estimate S [18]. Next, the linear prediction
coefficient vector b is found as the minimum norm
solution of S[}] = 0, which is

b=-83% (14)
where 3y is the first column of $, $ is the remaining
L columns of §, and * denotes the Moore-Penrose
pseudoinverse. Finally, the estimated poles are found

by
1

=) (B(z))’ i=1,...

,L.

Since scattering centers result in peaky responses,
those poles which do not lie within a given annular
region about the unit circle can be eliminated from the
model. The following criterion has been found to work
well for radar data [7]:
1
106 < |B:1N < 100. 15)

This criterion discards any scattering centers whose
response energy differs by more than 40 dB from the
lowest to highest measured frequency. Poles which do
not satisfy (15) are discarded.

Once these poles have been determined, the
amplitude equations for both the horizontal and
vertical components can be formed. From (2),

2 Pl
&
pop e pp [ M
p.{v P‘f P-ﬁ My A
sm(l)  sa(1)
sm(2) 5w (2)
=! . ) (16)
su(N)  su(N)
or
Pa=s,. amn

Here, L' is the number of poles which satisfy the
criterion in (15). The amplitudes can be found from
a least squares solution to (17),

. -1

A= (PHP)" PHs,. (18)
Because only M singular values of § are nonzero,
there are at most M pole estimates which can
correspond to scattering centers on the target.

Therefore, only the M poles whose scattering ellipses
have the largest energy are retained.

IV. SIMULATION RESULTS

This section presents results obtained by applying
the exponential modeling algorithm to various sets
of data. First, a simulated point-scattering model of
data is used. Next, the algorithm is applied to compact
range measurements of a simplified aircraft model.
Finally, results using compact range measurements of
scale models of five commercial aircraft are presented.

Simulated Point Scatterer Model

In this experiment, we generated scattering data
which corresponds to an ideal point scatterer model of
an aircraft as shown in Fig. 2. This model, proposed
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Fig. 2. Ideal point-scattering model.

TABLE 1
Ideal Model Data Equations
smlf) sn(f)
Scatterer [ ) sulf)
10 N
—j4x7.38f/c
Nose [ 01 ]e
. cos’(10°) sin 70‘ B
W AP jar16.3f/c
e [ —u"":o sm’(lO") 10e
. cos? 10° 2in(20°) 20' e .
Stabilizer [ -inizo' ) sm’(]o") 9¢=i4n22.3f/
. sin?(10°) —&nG07) —iar22.6/ /e
Tail [ _.in(;o.l cos? 100) 3e—i4 1/

in [8], consists of four scattering centers located at

the nose, wing tips, horizontal stabilizers, and tail.

The ranges of the scattering centers are at 0.00, 8.92,
14.9, and 15.2 cm down range with respect to the

nose as shown in Fig. 2. The scattering response for
the nose is circular, and is linear for the other three
scatterers. The aircraft was rolled 10°, so, for example,
the wing scattering response is linearly polarized at

a 10° angle. The full polarization scattering matrix
Sun(f)s suv(f) = 5us(f), and s,,(f)) for each frequency
between 2 and 18 GHz in 50 MHz steps was generated
by adding the responses for each scatterer as given in
Table L.

The horizontal and vertical scattering data was
converted to a left circularly polarized transmit basis
using (1). The resulting scattering data was applied
to the exponential modeling algorithm using L = 10
with the following modification. In order to keep
the unambiguous range R near the target size, the
frequency spacing between measurements should be
about 500 MHz, not 50 MHz. To obtain this frequency
spacing, the scattering data is decimated by a factor of
10 before processing; for details, see [19]. Exponential
models were obtained for model orders M = 4 and
M = 3; these results are summarized by Table 11, and
portrayed graphically in Figs. 3 and 4.
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Fig. 3. Ideal model scatterers and polarizations, model order

M =4

Fig. 4. Ideal model scatterers and polarizations, model order

M=3

The results of the modeling for M = 4 are shown
in Fig. 3. In this figure, the range axis is the diagonal
line, with the unambiguous range denoted by the
two tick marks. Each scattering center is shown by
an ellipse, and the ellipse graphically describes the
amplitude, ellipticity, and tilt of the scattering center.
The amplitudes and ellipses in this and all other figures
are linearly (not logarithmically) scaled. It can be
seen that the four scattering centers are accurately
estimated. Moreover, the amplitude and polarization
of each scattering center are also estimated very
accurately (see also Table II). Note that the horizontal
stabilizer and tail are too close in range to be resolved
by Fourier-based methods [8]; however, with the
exponential modeling method these two scattering
centers can be resolved.

If the number of scattering centers in the model is
reduced to M = 3, then only three scattering centers
can be identified, as is shown in Table II and Fig. 4.
The nose and wing scattering centers are accurately
estimated as before, but now the tail-horizontal
stabilizer region is modeled as a single scattering
center. Note that the polarization ellipse of the tail
region is what one might expect for a combination
of the two linearly polarized tail region responses.
This example shows that even when the number of
scattering centers in the data exceeds the model order,
the algorithm generates an estimate which combines
closely spaced scattering centers into a conglomerate
one. This is an important and desirable characteristic
of the algorithm, as radar targets often contain a large
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TABLE 11
Ideal Model Parameters

True Value M=4 Estimate M=3 Estimate
Scat. [ rC) | e®) | A | r(em) l #C) | &) | A | #em) | #(°) | &) A | #(cm)
Nose - | 450 .707 | 7.38 119 | 45.0 | .707 | 7.38 100 { 44.1 | .718 | 7.38
Wing {| 10.0 { 0.00 | 7.07 | 16.3 || 10.0 | 0.00 | 7.07 | 16.3 § 10.1 | -0.04 | 7.10 | 16.3
Stab. || 10.0  0.00 | 1.41 } 22.3 || 10.0 | 0.00 | 1.41 | 22.3 131 | 8.13 | 240 | 225
Tail i00 | 0.00 | 2.12 | 226 100 | 0.00 | 2.12 | 22.6

Fig. 5. Scatterers and polarizations for fuselage and tail of
simplified aircraft.

number of scattering centers, not all of which can be
individually estimated.

Simplified Aircraft Measurements

Next, the exponential modeling procedure
was applied to compact range measurements of
a simplified, reconfigurable aircraft target 6 in
(15.24 cm) in length. This target consists of a
cylindrical fuselage (F) with removable wings (W),
horizontal stabilizers (S), and tail (T). Compact
range measurements of this model were taken with
various parts removed (see [8, 20] for details of the
measurement procedure). Each data set consists of full
polarization measurements at frequencies between 2
and 18 GHz in 50 MHz steps at a nose-on aspect angle
with no roll. The data was decimated by a factor of 10
when applied to the exponential modeling algorithm.
The model order L was 10, and the number of singular
values kept varied from 3 to 7 depending on the
complexity of the target.

Figs. 5-7 show the estimated scattering responses
for three configurations of the aircraft. Note that
the estimated scattering centers correspond well to
target geometry. From these figures it can be seen
that the nose scattering is accurately estimated as a
nearly circularly polarized response. The two scattering
responses at the end of the fuselage-tail configuration
in Fig. 5 correspond to the leading and trailing edge
of the tail; note the strong vertical polarization of
the leading edge, and the more circularly polarized
trailing edge response. The trailing edge response

Fig. 6. Scatterers and polarizations for fuselage, wings, and tail of
simplified aircraft.

is most likely a combination of the tail trailing edge
and the cylindrical trailing edge. In Fig. 7 it can be
seen that all five scattering center ellipses correspond
well with target geometry. The magnitudes of the

last two ellipses are about twice as large in the
horizontal direction as in the vertical direction, and
this corresponds well to the two horizontal fins and
one vertical fin at these locations. Modeling results for
other configurations of this target are reported in [19].

Scale Model Aircraft Measurements

In this section, the results of modeling scale
models of five commercial aircraft (the Boeing
707, 727, 747, DC10, and Concord) are shown.
These models measure from 23 to 43 cm in length.
Eighty measurements sxx(f), sav(f) = sva(f), and
s,v(f) on the scale models are taken for frequencies
between 6.45 and 10.4 GHz in 50 MHz steps from
a nose-on aspect angle with no roll. Details of these
measurements are reported in [20, 21). The models
are scaled between 130 and 200 so these results
correspond to measurements in the HF band (30
to 90 MHz) for the full sized aircraft. To achieve an
unambiguous range of 75 cm, the data was decimated
by four in the estimation procedure. A model order of
L =10 was chosen and 5 singular values were kept for
all the following simulations.
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Fig. 10. Boeing 747 scatterers and polarizations.

Fig. 7. Scatterers and polarizations for fuselage, wings, stabilizers,
and tail of simplified aircraft.

Fig. 11. DC10 scatterers and polarizations.

Fig. 8. Boeing 707 scatterers and polarizations.

Fig. 12. Concord scatterers and polarizations.

Fig. 9. Boeing 727 scatterers and polarizations.

Figs. 8-12 show the modeling results on the five
aircraft models. It can be seen that the cockpit cavity,
leading edge of wings, engine inlets, and tail are all
located for most of the models. However, unlike the
simplified aircraft results, the scattering from the noses
of these targets was very small compared with the
other scattering centers. The scattering centers and
ellipses obtained by the exponential modeling method
correlate well with similar nonparametric studies on
the same targets as reported in [8-10].

To examine the effects of noise on the estimate,
Figs. 13-19 show results of the 707 in 10 and 5 dB Fig. 13. Boeing 707 scatterers and polarizations, SNR of 10 dB.
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Fig. 14. Boeing 707 scatterers and polarizations, SNR of 5 dB.

Fig. 15. Boeing 707 scatterers and polarizations, SNR of 0 dB.

Fig. 16. Boeing 727 scatterers and polarizations, SNR of 0 dB.

signal-to-noise ratio (SNR) and all of the aircraft in
0 dB SNR. In each case, independent white noise was
added to each term of the scattering matrix (in left
circular coordinates). Five different estimates obtained

D

2N

Fig. 17. Boeing 747 scatterers and polarizations, SNR of 0 dB.

Fig. 18. DCI10 scatterers and polarizations, SNR of 0 dB.

from five different noise realizations are shown
overlapped in these figures. Two plots of each estimate
is shown. The first is the polarization ellipse versus
range plot as shown earlier. The second plot shows
the magnitude of each ellipse (i.e., the hypotenuse
between the major and minor axes) versus range; this
plot can be viewed as a projection of the first plot.

In the second plot, the tilt angle and ellipticity of the
polarization ellipse is lost in the projection. From these
figures it can be seen that at 10 dB SNR the estimates
show little deviation from the noiseless estimate
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Fig. 19. Concord scatterers and polarizations, SNR of 0 dB.

(compare Fig. 13 with Fig. 8, for example). As the
SNR is reduced to 0 dB, the major scattering centers
are still estimated; however, the accuracy of the range,
amplitude, ellipticity, and tilt decreases somewhat (as
is expected). Some spurious estimates are seen but
these have small magnitude compared to the actual
scattering center magnitudes.

Discussion

The experimental results presented above suggest
several characteristics of this full polarization modeling
procedure. First, the polarization properties of isolated
scattering centers often (but not always) correspond to
target geometry. The correspondence was often good
for the simplified aircraft target. There were, however,
some cases in which the correspondence to geometry
was less clear. For example, one might expect the
polarization ellipse at the trailing edge of the tail in
Fig. 5 to have a tilt angle of 90° instead of 45°.

The correspondence of polarization ellipses
with geometry is not as good for the model aircraft;
the ranges correspond well with geometry, but the
ellipticity and tilt correspond less well. On the other
hand, our results are consistent with Fourier-based
results as presented in [8-10], so the discrepancies
between ellipses and target geometry are not due
to modeling errors. We suspect that the cause for
this discrepancy is that multiple scattering terms are
combined as single scattering centers in both the
Fourier-based and the model-based methods. Also, the
frequency range of the data is in the resonance region
of the target, and scattering contains many interaction
terms (creeping waves, multiple interaction scattering,
and the like) in this region.

Even when the estimated polarization ellipses do
seem to not correspond well with target geometry, the
estimates remain stable with respect to noise. In fact,
it is encouraging that the algorithm showed a graceful
decline in accuracy as the noise power was increased.
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Of course, our experiments used only white noise;
experiments using more realistic noise and clutter need
to be performed.

One important advantage of this full polarization
technique is that scattering centers of a given cross
section are estimated with equal accuracy regardless
of their polarization. If, for example, one uses only
HH polarization data, scattering centers which are
vertically polarized will appear as weak in the HH
domain, and may be missed. An example is the
Boeing 747 in Fig. 10, where all of the major scattering
centers are vertically aligned, so they would appear
weaker if only HH data were used to estimate the
scattering behavior.

The examples demonstrate that the exponential
modeling method is capable of estimating scattering
centers and their polarization properties. However,
we have not yet addressed the issue of whether or not
these features would prove useful as discriminants in
an ATR system. There are advantages to using full
polarization data; full polarization features provide
more information than just amplitude of the single
polarization scattering centers, and full polarization
data does not miss scattering centers which happen
to scatter energy in an orthogonal polarization as
single polarization data processing might. Also,
preliminary studies on the utility of this polarization
information for target identification were reported
in [8-10], and polarization information did provide
improved target classification in these studies.
However, whether these advantages are great
enough to outweigh the additional data collection
and signal processing effort is an (as yet) unanswered
question.

V. CONCLUSIONS

This paper has presented a method of processing
full polarization, stepped frequency measurements
of a target. A parametric model which describes the
target as a set of scattering centers is developed. Each
scattering center is characterized by a polarization
ellipse, which corresponds to the backscattered
polarization ellipse from a circularly polarized incident
wave. An estimation procedure to find the parameters
of this model is developed. Simulation results are
presented for both synthetic data and compact range
measurements of aircraft. The results show that
the algorithm is capable of identifying scattering
mechanisms of the target, and that the estimated
polarization ellipse of each scattering center often
correlates well with the geometry of the target. The
signatures of various aircraft are seen to show such
features as wings, engine inlets, cockpit cavity, and tail.
Tests using noisy data show that dominant scattering is
well estimated even at 0 dB SNR. Current research is
focused on using these estimated parameters as feature
vectors in an ATR system.
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