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Introduction

The K-pulse concept [1] was formally introduced in 1981. By
definition, the late time resonances of a target response are killed by its
unique K-pulse. If the wrong K-pulse is used, the late time resonances will
not be stopped. The application of K-pulse in target classification or
identification has always relied on the visual cxmparlscn of this late time
behaviour. By defining a likelihood ratio which is a measure of how likely
a target response belongs to the guessed target, armbercarparlsm
classification strategy is suggested. The likelihood ratio is the ratio of
the energy contained within a time period in the late time of the i
response to the energy of the target response to the K-pulse of the guessed
target over the same time period, aspect, polarization and bistatic angle.

Theory
The Likelihood Ratio (L. R.),
Energy within a time period in the late time

of the impulse response of a target
L. R.

(1)
Energy within the same time period of the target

response at the same aspect, polarization and

bistatic angle to the K-pulse of the guessed target

If the impulse response comes from the guessed target, the denominator will
be zero. By definition, the response of the target to its corresponding K-
pulse is time limited. The energy contained outside the K-pulse response
duration is zero. Thus, L. R. is infinite. However, if the K-pulse is only
an approximation then the L. R. will be finite but large. If the guess is
wrong, or the K-pulse of a different target is used in the calculation, the
L. R. will be small as the energy reduction is small at late time.
Therefore, the strategy for target classification is to compare L. R.'s
calculated with the target response to different K-pulses corresponding to
different targets. The decision rule is: the larger the L. R. the more
likely the target is the target whose K-pulse is used in the calculation of
the larger L. R

Example

In this section, the target classification strategy is used to
distinguish between a right-angled bent wire and a straight wire. Both
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mresareofﬂ'xesamelergth diameter and material. 'Ihew:.relen;thto
radius ratio is 2000. Both wire centers are located at the origin. The K-
pulses for both wires are generated via the optmlzatlon method described in
[2]. The straight wire is located along the z-axis. The bent wire is
located on the x-z plane, with the +x-axis bisecting the right angle of the
bent wire. The L. R.'s are calculated for monostatic scattering of the
straight and right-angled bent wire at ¢=0° 6=45° under different signal
power to noise power ratio (S/N) conditions. The time period to calculate
the L. R.'s 1s41/ct051/c forbcthstra:.ghtardberrtwn_reguesses The
results are plotted in Figure 1. For the stralght wire target (top fJ.gure
in Figure 1), the straight wire guess curve is higher than the bent wire
guess for S/N>15dB. The larger L. R. is suggestmg that the response
received is more likely to come from a straight wire than a right-angled
bent wire. Similarly, for the right-angled bent wire target (bottom figure
in Figqure 1), thebentmregleescurvelshlgherthanthestralghtwu'e
guess for S/N>15dB. Thus, this received response is more likely to come
from the right-angled bent wire than the straight wire.

Figure 2 plots the L. R.'s calculated for the straight wire target (top
figure) and the right angled bent wire target (bottom figure) in a bistatic
scattering case. The wave is incident at ¢=45°, 6=45° ard received at
¢=45°, ©=135° with 6-polarization. Again, with the straight wire target
(top figure in Figure 2), megmsofastralghtwmxsmrehkelytobe
correct down to S/N=15dB, as the L. R.'s are bigger for the straight wire
guess. 'Iheguesscfabentwlreforabentm'etaxgetlsalsopossmle
dowl'ntoS/N=15-dBw1ththeL. R.'s from the bent wire guess larger than the
straight wire guess (bottom figure of Figure 2). The L. R.'s are
numerically significantly distinguishable down to S/hbzsdB for the two wire
targets. Between S/N=15dB and 25dB, the discrimination is still poss:.ble
but not mumerically significant. 'Ih:Ls is true since the noise is now
contributing significantly to the L. R. calculation, making the values of
the numerator and denominator of L. R. very close.

Coclusions

A target classification strategy is discussed. Although the targets
used in the example are not very realistic, the target classification
strategylsabletodlstmgmshtwosmlartargetsmﬁervery low 51gnalto
noise ratio enviroment. As low as S/bblSdB the distinction is still
poss:.ble. Since the K-pulse of a target is an aspect, polarlzatlon and
receiver location independent, this classification strategy is also shown to
have these properties. The distinction under low signal to noise ratio also
makes this one number target classification strategy very attractive to
radar engineers. Furthermore, the earlier K-pulse classification technique
via visual inspection has now been changed to a number comparison scheme.
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Likelihood ratios of the straight wire (top figure)
and the bend wire (bottom figure) for the straight
wire guess (solid line) and the bend wire guess
(dashed line) under different signal to noise
conditions. The responses of the wires are
monostatic at ¢=0°, ©6=45"°.
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Figure 2 Likelihood ratios of the straight wire (top figure)

and the bend wire (bottom figure) for the straight
wire guess (solid line) and the bend wire guess
(dashed line) under different signal to noise
conditions. The responses of the wires are incident
at ¢=45° B68=45° received at ¢=45° ©6=135"°.
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