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Abstract:

Self-adaptive band-pass filters are devices, which produce a band-pass filter
characteristic around a signal carrier frequency. In this paper a new model of these
filtersis build based on [1].

This filter has the ability to select rapidly the carrier frequency from a modulated signal.
When a train of radio frequency pulses fully immersed in a high-level noise excites this
filter, it tracks the entire band and extracts the carrier frequency. The self-adaptive band-
pass filter operates as an ECCM (Electronic Counter-Countermeasures) technique
because it is trying to cancel out the effects of jammers especially those with barrage
jamming over the entire radar band, or spot jamming in which the noise power is
concentrated into the radar receiver bandwidth [2,3]. This ECCM technique is applied to
the RF section at the radar receiver.
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In [1] Rhodes showed that if the instantaneous frequency of a signal instead of the
signal itself is considered, then devices which perform non-linear operations could
perform linear operation on the instantaneous frequency of the signal. Hence transfer
functions may be defined directly relating the output to the input instantaneous
frequency. In this paper a new model of self-adaptive band-pass filter is build based on
thisidea

The performance of this filter is measured in three ways. First, when the filter is excited
by a single carrier frequency combined with a noise, it tracks the entire band and selects
the carrier frequency signal. Second, when the input is a train of radio frequency pulses
fully immersed in noise, which simulate radar echo under barrage jamming, the filter
tracks the entire band and extracts the RF pulses with the correct pulse width and pulse
repetition period. Third, when the input is a train of radio frequency pulses combines
with a high-level band limited noise, which simulate radar echo under spot jamming, the
filter tracks the radar receiver band and extracts the RF pulses with the correct
parameters as before.

2. Self-Adaptive Band-Pass Filter:

The self-adaptive band-pass filter shown in Figure(1) is a linear frequency network that
has an instantaneous input frequency w,(t). The Laplace transform of the input
frequency is w,(s) which is then split two ways. One way is applied to the first input of
an upper side-band mixer, and the other is applied to a delay line, which is then
connected, to the other input of the mixer. If t is the delay of the delay line then the
transforms of the signals applied to the mixer are w,(s)and [zw,(s)] with the resulting
output:
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Figure (1): Main block diagram of self-adaptive band-pass filter
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Consider the delay t, on the output of the mixer due to the band-defining filter. Then,
we have H (Z! 21) = (1+ Z)Zl (2)
H(z 2|5 = 05"t W) )

This filter has a Quasi-low-pass characteristic. The mixer is a three port device with two
inputs Wi(t) and Wx(t). For the upper side-band mixer we have an output

W (1) =W (t) +wa(t) (4)
This requires band filtering as shown in Figure(1l) to remove unwanted sidebands
producing an associated delay. Furthermore, it should be noted that no output occurs
unless signals are present at both input ports. Figure(2) shows the representation of the
upper side-band mixer using SIMULINK.
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Figure (2): Representation of the upper side-band mixer using SMULINK

In this case the output of self-adaptive band-pass filter is compared with the output of a
conventional band-pass filter, which has a wide bandwidth around the desired radar
central frequency to show the excellent capability of self-adaptive band-pass filter in
extracting the carrier frequency. Self-adaptive band-pass filter is shown in Figure(3)
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Figure (3): Representation of Self-adaptive band-pass filter using SMULINK
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Thefilter is excited by a signal described as.
A sSn(2"p” f,+phase as a function of noise)
5 dn(2”" p” 0.5GHz+(1.4)" noise) (5)

Figure(4) shows the input signal at both frequency and time domains.
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Figure(4): Representation of input signal at frequency and time domains

From the above figure, it is clear that the input signal is fully immersed with a very high
level noise. We study the effect of the value of delay shown in Figure(3) for tracking the
entire bands and extract the carrier frequency. Figure(5) shows a comparison of the
frequency response of self-adaptive band-pass filter at delays 0.001, 0.1, 3 and 7 nsec
respectively. The best result is occurred at delay of 7 nsec.
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Figure(5): Effect of delay time shown in Figure(3)
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Figure(6) shows a comparison between the output of self-adaptive band-pass filter at
best delay (7 nsec) and conventional one.
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Figure(6): Comparison between the output of self-adaptive band-pass filter and
conventional band-pass filter

From the above figure, it is clear that the self-adaptive band-pass filter is successfully in
tracking the entire band and extracting the carrier frequency while the conventional one
is failed.

3. Self-Adaptive Band-Pass Filter As ECCM Technique:

The objective of an ECM (Electronic Countermeasures) system are either to deny the
radar an opportunity to detect a target or to deceive the radar into following either the
wrong target (such as a chaff cloud) or a non-existent target that has been generated
electronically. Two methods of denial are barrage and spot jamming. The self-adaptive
band-pass filter is capable to counter these types of jamming.

a) Self-Adaptive Band-Pass Filter As ECCM Technique against Barrage Jamming:

In this case a train of radar pulses fully immersed in a high-level noise, which simulates
radar echo under barrage jamming, excites the self-adaptive band-pass filter. The radar
echo has the following parameters; central frequency f, =0.5GHz, pulse width d =10

nsec, and pulse repetition period (PRP) = 60 nsec .The simulation of the above input is
shown at Figure(7).
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Figure(7): Smulation of radar echo under barrage jamming
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Representation of the radar echo at clear condition, radar echo with barrage jamming,
and output from the desired filter are shown respectively at Figure(8).

Radar echo at clear condiuon

0 20 40 60 80 100 120 140 160 180
Radar echo with barrage jamming nsec

—=

20 40 60 80 100 120 140 160 180 200

nsec
Output of self-adaptive band-pass filter at delay = 0.1 nsec

Zoom at one pulse from the output of self-adaptive band-pass filter nsec

05 | -
0 L
-05 - —
1
20 122 124 126 128 130 132 134

136
nsec

Figure(8): Representation of the radar echo at clear condition, radar echo with
barrage jamming, and output from the desired filter respectively.

In Figure(8), radar echo is fully immersed with a barrage jamming. Self adaptive-band-
pass filter is successfully in tracking the entire band and extracting the RF pulses with
the correct pulse width and pulse repetition period.

b) Self-Adaptive Band-Pass Filter As ECCM Technigue against Spot Jamming:

In this case a train of radio frequency pulses combines with a high-level band noise,
which smulate radar echo under spot jamming, excites the self-adaptive band-pass
filter. The radar echo has the same parameters as before. The simulation of this input is
shown in Figure(9).
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Figure(9): Smulation of radar echo under spot jamming

Representation of the radar echo at clear condition, radar echo with spot jamming, and
output from self-adaptive band-pass filter at best delay (0.23 nsec) are shown
respectively at Figure(10).
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Figure(10): Representation of the radar echo at clear condition, radar echo with spot
jamming, and output from self-adaptive band-pass filter at delay = 0.23 nsec
respectively.
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As shown in Figure(10), self-adaptive band-pass filter is also successfully in tracking
the radar receiver band and extracting RF pulses with the correct pulse width and pulse
repetition period as before.

4.Conclusion:

A new model of self-adaptive band-pass filter is introduced. This filter has the ability to
select rapidly the carrier frequency from a signal fully immersed with a high level noise.
When a train of radio frequency pulses fully immersed in a high-level noise excites this
filter, it tracks the entire band and extracts the radio frequency pulses again. So, the self-
adaptive band-pass filter operates as an ECCM (Electronic Counter- Countermeasures)
technique. This ECCM technique is related to RF section at the radar receiver against
both barrage and spot jamming.
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