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I. Introduction

Radar target discrimination based on the E-pulse technique [1] requires
knowledge of the complex natural mode frequencies of .the targets of
interest. In practice, these frequencies are extracted from time domain
measurements of a target’s late time response. The measurements are made in
a laboratory environment to achieve a signal-to-noise ratio sufficient for
mode extraction. The E-pulse for each target is synthesized from the
measured natural frequencies [2]. Discrimination is accomplished by suc-
cessively convolving the E-pulses with the late time response of the unknown
target. The correct E-pulse will yield a convolved response that . has
smaller energy than other incorrect E-pulses in the E-pulse library. This
scheme has been demonstrated in the laboratory when only a single target is
illuminated with the transient waveform. :

The case of two or more targets is more problematic. When two targets
are illuminated together they act as a system with natural frequencies
different from those of the isolated targets. Mutual coupling could thus
reduce the effectiveness of discrimination since the E-pulses are generated
from measurement of isolated targets. To study this effect, the special

case of a system of parallel thin cylinders was investigated both theoreti-

cally and experimentally.

II. Analysis

By enforcing the boundary condition on the tangential electric field at
the surface of each of N perfectly conducting scatterers in free space, one
arrives at the system of integral equations '
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where t is a unit vector tangent to the surface of the mthscatterer, G is
the free space electric dyadic Green’s function, Knis the surface current on

" the n't scatterer, B’ is the impressed electric field, ? and 7 are the

field point and source point, and s is the complex frequency. The natural
mode frequencies sn and currents of the system are defined when B'= 0. The
response of the system in the late time can be represented as natural mode
series of exponentials with frequencies sn.

The start of late time for the system of scatterers is the maximum time
required for the radiation from the part of the scatterer last excited by
the impressed field to travel to all other parts of the system and then to
the observation point. This is when the natural mode series is valid.
However, prior to the beginning of the system late time, there are portions




of the scattered signal that are composed of the natural frequencies of the
isolated targets. Thus, for targets separated sufficiently in range it is
possible to discriminate using a library of E-pulses for isolated targets
and a time gating scheme. If several targets are at the same range but
separated sufficiently in cross range, one can time gate so as to exclude
the system late time and perform successive convolutions of E-pulses to
ascertain the system composition. The E-pulse discrimination technique is
impractical if E-pulses based on system sn’s must be included in the library
since the system can have innumerable configurations. For cases where the
targets are too close to allow time gating, only the system sn’s are
available. One must now determine if the system sn’s are sufficiently
different from the sn’s of the isolated targets to prevent discrimination.

To address this question, a system of two thin parallel cylinders was
analyzed as a special case of a multiple target system. To solve for the
natural mode frequencies, equation (1) was rewritten in Hallen’s form and
via the moment-method a matrix equation with s as a parameter was generated.
The sn’s were found by numerically searching for values of s that made the
determinant of the matrix zero. The natural mode currents were found by
computing the matrix null space.

The natural mode current on each cylinder in a system of cylinders was
found to be nearly the same as the natural mode current of the isolated
cylinder. By using the current distribution of the isolated cylinder a
transcendental equation in s was obtained. This was advantageous since the
current distribution was fixed and permitted only a few solutions. This
simplified the numerical search.

A perturbation approach for nearly degenerate coupling was also used
for the case of identical cylinders {3]. Here, a sinusoidal current was
assumed, and the Green’s function was approximated as the first two terms of
a Taylor series in s about the sn of the isolated cylinder. This solution
provides adequate results for small separation distances and does not
require root searching.

III. Results

Figure 1 shows the trajectory of the first antisymmetric mode of two
identical cylinders with length to radius ratio of 200. The moment method
solution using the Hallen equation agrees with those using the Pocklington

form [4]. Results using the transcendental equation converge toward the

moment-method curve as the separation distance is increased. The pertur-
bation theory is in good agreement for small separations, but diverges from
the correct solution when the system sn differs significantly from the iso-
lated target sn. Figure 2 shows the trajectory of the lowest order modes
associated with a system of two wires of differing length. The system sn’s
are seen to spiral around the sn’s of the isolated targets and then diverge
toward the origin as separation distance is increased. Since the system
sn’s spiral near the isolated target sn’s for close spacing, it seems
plausible that discrimination of a system of closely spaced targets might be
possible using E-pulses based on the sn’s of the isolated targets. Prelimi-
nary results using more complicated targets within the same range cell con-
firm this hypothesis.




References

(1] EJ.Rothwell, et.al.,"Frequency Domain E-Pulse Synthesis and Target

Discrimination,” IEEE Transactions on Antennas and Propagation, vol.
AP-35, no. 4, pp. 426-434, Apr. 1987.

(2] EJ. Rothwell and K.M. Chen, "A Hybrid E-Pulse/Least Squares Technique
for Natural Resonance Extraction," IEEE Transactions on Antennas and
Propagation, vol. AP-36, no. 3, pp- 296-298, Mar. 1988.

[3] Che-I Chuang and D.P. Nyquist, “Perturbational Formulation for Nearly
Degenerate SEM Modes of Loosely-Coupled Bodies," National Radio Science
Meeting, Jan. 1984.

[4] K.R.Umashankar, et.al.,"Scattering by a Thin Wire Parallel to a Ground

Plane Using the Singularity Expansion Method," IEEE Transactions on
Antennas and Propagation, vol. AP-23, no. 2, pp. 178-184, Mar. 1975.

LS
144 T F ) F
13 ’

124 o d1=0.1
L1 _1, . T~

14
0.9 —

”0.8-
Imag s0

Figure 1. Trajectory of first antisymmetric mode as separation distance d is
varied. Note s is normalized by = c.
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Figure 2. Trajectory of lowest order modes of two wires of different length.
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TARARGET DISCRIMINATION USING E-PULSES
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® e(t) is unique
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MOMENT METHOD
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PERTURBATION SOLUTION
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APPROXIMATE GREEN'S FUNCTION
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