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(57) Abrégée/Abstract:

A system and method for mitigating co-channel interference Is disclosed. A radar system detects targets from recelved signals at
an antenna array. The recelved signals include direct signals and target signals transmitted from remote transmitters. An antenna
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(57) Abrege(suite)/Abstract(continued):

array receives the signals. A signal processing system Is coupled to the antenna array to perform processing operations on the
recelved signals. The processing system includes a primary cancellation component and a secondary cancellation component. A
primary illuminator signal is cancelled from the recelved signals by the primary cancellation component. An adaptive beam former
obtains a secondary illuminator signal from the received signals. A reference regenerator regenerates the secondary illuminator
sighal. An adaptive cancellation filter removes noise from the secondary illuminator signal. The secondary cancellation component
mitigates co-channel interference by canceling the secondary illuminator signal from the recelved signals.
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;\ (§7) Abstract: A system and method for mitigating co-channel interference is disclosed. A radar system detects targets from re-
— ceived signals at an antenna array. The received signals include direct signals and target signals transmitted from remote transmitters.
~~~ An antenna array receives the signals. A signal processing system is coupled to the antenna array to perform processing operations
g on the received signals. The processing system includes a primary cancellation component and a secondary cancellation component.

A primary illuminator signal is cancelled from the received signals by the primary cancellation component. An adaptive beam for-
o mer obtains a secondary illuminator signal from the received signals. A reference regenerator regenerates the secondary illuminator
a signal. An adaptive cancellation filter removes noise from the secondary illuminator signal. The secondary cancellation component
mitigates co-channel interference by canceling the secondary illuminator signal from the received signals.
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SYSTEM AND METHOD FOR MITIGATING CO-~-CHANNEL
INTERFERENCE IN PASSIVE COHERENT LOCATION APPLICATIONS

5
BACKGROUND OF THE INVENTION
F'ield of the Invention
10
[0002] The present i1nvention relates to a passive coherent
location ("PCL") radar system and method, and more
particularly, to a system and method for mitigating co-channel
interference of received signals for PCL radar applications.
15

Discussion of the Related Art

- - — ——— - T

[0003] PCL radar systems may be represented by a
multistatic radar system. A multistatic radar system has
20 many receivers that are separated from one or more
transmitters. The radiated signal from a transmitter
arrives at a receiver via two separate paths. One path

may be a direct path from the transmitter to the receiver,

and the other path may be a target path that includes an
25 1indirect path from the transmitter to a target to the

recelver. Measurements may include a total path length,

or transit time, of the target path signal, the angle of

arrival of the target path signal, and the fregquency of
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the direct and target path signals. A difference in frequency may be detected it
the target is in motion according to a doppler etfect.

10004] Knowledge of the transmitted signal is desirable at the receiver 1f
information is to be extracted from the target path signal. The transmitted
frequency is desired to determine the dopplef frequency shift. A time or phase
reference also is desired if the total scattered path length is to be determined.
The frequency reference may be obtained from the direct signal. The time
reference also may be obtained from the direct signal provided the distance
between the transmitter and the receiver is known.

[0005] Multistatic radar may be capable of determining the presence of a
target within the coverage of the radar, the location of the target position, and a
velocity component, or doppler, relative to the radar. The process of locating the
target position may include a measurement of a distance and the angle of
arrival. The measurement of distance relative to the receiving site may desire
both the angle of arrival at the receiving site and the distance between
transmitter and receiver. If the direct signal is available, it may be used as a
reference signal to extract the doppler frequency shift.

[0006] In PCL radar systems, transmitters may be known as illuminators.
[lluminators may be wideband sources of opportunities that include commercial
frequency modulated ("FM") broadcast transmitters and/or repeaters,
commercial high-definition television ("HDTV") broadcast transmitters and/or
repeaters, and the like. Techniques for wideband signal pre-detection processing
and co-channel interference mitigation exist. Known approaches include an

array of antennas used to receive the source of opportunity to be exploited, such

SUBSTITUTE SHEET (RULE 26)
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as the primary illuminator, and any other co-channel signals present in the
environment.

[0007] Co-channel signals may include multipath images of the 1lluminator signal,
delay and Doppler-shifted reflections of the illuminator from targets in the region
under surveillance, and other distant broadcast sources at the same operating
frequency as the primary illuminator, Targets may include aircraft, space launch
vehicles, and the like. The intent of the co-channel mitigation techniques 1s to
eliminate the undesirable sources from the received antenna outputs, such as the
strong direct path and multipath components of the exploited illummator, while
leaving the reflected signals from targets of interest unattenuated. Thus, 1t 1s
desirable to improve co-channel mitigation techniques to better identify and track

targets, and to determine target location, range and velocity.

SUMMARY OF THE INVENTION

[0008] Accordingly, embodiments of the present invention are directed to a PCL
application and method for signal processing within the PCL application.

[0009] Thus, the present invention is directed to a system and method for
mitigating co-channel interference. According to an embodiment, a method for
mitigating co-channel interference in co-channel signals in a bistatic radar is
disclosed. The method includes identifying a primary illuminator signal from a
primary illuminator. The primary illuminator signal comprises a frequency
modulated carrier at a given frequency. The method also includes regenerating the
primary illuminator signal. The method also includes canceling the primary

illuminator signal from the co-channel interference signals. The method also

3
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includes identifying a secondary illuminator signal from a secondary i1lluminator.
The secondary illuminator signal comprises a frequency modulated carrier at the
given frequency. The method also includes regenerating the secondary
illuminator signal from the co-channel signals.

[00010] According to another embodiment, a method for mitigating co-
channel interference is disclosed. The method includes canceling a primary
illuminator reference signal. The method also includes canceling a secondary
illuminator reference signal.

[00011] According to another embodiment, a method for mitigating co-
channel interference in a bistatic radar receiving co-channel signals comprising
target signals reflected by targets and direct signals transmitted by remote
transmitters is disclosed. The method includes receiving the co-channel signals
at an antenna coupled to the bistatic radar. The method also includes
performing adaptive beam forming to obtain a primary illuminator reference
signal. The primary illuminator reference signal is from the direct signals and
comprises a frequency modulated carrier at a given frequency. The method also
includes regenerating the primary illuminator reference signal from the co-
channel interference signals. The method also includes performing adaptive
beamforming to obtain a secondary illuminator reference signal. The secondary
illuminator reference signal is from the direct signals and comprises a frequency
modulated carrier at the given frequency. The method also includes
regenerating the secondary illuminator reference signal from the co-channel
signal from the co-channel signals. The method also includes canceling the

secondary illuminator reference signal from the co-channel interference signals.

SUBSTITUTE SHEET (RULE 26)
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[00012] ‘ According to another embodiment, a system for mitigating co-
channel interference 1s disclosed. The system includes an antenna array to

recetve signals. The system also includes a primary cancellation component to
cancel a primary 1lluminator reference signal from the received signals. The
system also includes a secondary cancellation component to cancel a secondary
illuminator reference signal from the received signals.

[00013] According to another embodiment, a method for detecting targets by
a bistatic radar system using transmitted signals and reflected signals from the
targets is disclosed. The method also includes converting the received signals into
co-channel signals. The method also includes adaptive beamforming a secondary
illuminator signal from the co-channel signals. The method also includes
regenerating the secondary illuminator signal. The method also includes canceling
the secondary illuminator signal from the co-channel signals and mitigating co-
channel interference.

(00014] According to another embodiment, a method for mitigating
interference in a bistatic radar that receives direct path signals and target path
signals transmitted as commercial broadcast signals from remote transmitters is
disclosed. The target path signals are reflected off targets such that the target path
signals have a doppler shift with reference to the direct path signals. The method
includes identifying a secondary illuminator signal within the direct path signals.
The method also includes canceling the secondary illuminator signal from the
received signals.

[00015] According to another embodiment, a bistatic radar system that

detects targets from received signals at an antenna, the received signals include
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direct signals and target signals transmitted from remote transmitters. The
bistatic radar system includes an adaptive beamformer to obtain a secondary
illuminator signal from the received signals. The bistatic radar system also
includes a reference regenerator to regenerate the secondary illuminator signal.
The bistatic radar system also includes an adaptive cancellation filter to mitigate
co-channel interference by canceling the secondary illuminator signal.

j00016]) Additional features and advantages of the invention will be set forth
in the description which follows, and in part will be apparent from the
description, or maybe learned by practice of the invention. The objectives and
other advantages of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims hereof as well as
the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[00017] The accompanying drawings, which are included to provide further
understanding of the invention and are incorporated in and constitutes a part of
this specification, illustrate embodiments of the present invention and together
with the description serve to explain the principles of the invention. In the
drawings:

[00018] FIG. 1 illustrates a radar detection system including a PCL system,
a target, and transmitters in accordance with an embodiﬁent of the present
invention;

[00019] FIG. 2 illustrates a block diagram of a PCL system in accordance

with an embodiment of the present invention,;

SUBSTITUTE SHEET (RULE 26)
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[00020] FI1G. 3 depicts a signal processing for mitigating co-channel
interference system in accordance with the present invention; and
[00021] FIG. 4 depicts a flowchart of a system 1n accordance with the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00022] Reference will now be made 1n detail to the preferred embodiments
of the present invention, examples of which are illustrated in the accompanying
drawings.

[00023] FIG. 1 depicts radar detection system 10 including a PCL system,
one or more targets of interest, and a plurality of transmutters in accordance with an
embodiment of the present invention. PCL system 100 represents a family of multi-
static wide area moving target surveillance sensors. PCL system 100 exploits
continuous wave ("CW") electromagnetic energy, often from sources of opportunity
that maybe operating for other purposes. Sources of opportunity may include
television broadcast stations and FM radio stations. Preferably, PCL system 100
may receive transmissions from a plurality of uncontrolled transmitters such as
sources of opportunity, 111, 112, and 114. More preferably transmitters 111, 112,
and 114 may be wideband sources of opportunity that include commercial FM
broadcast transmitters and/or repeaters and commercial HDTV TV broadcast
transmitters and/or repeaters. Transmitters 111, 112, and 114, however, are limited
to these sources of opportunity any may include any device, system or means to
transmit uncontrolled signals.

[00024] Transmutters 111, 112, and 114 may transinit widebénd

electromagnetic energy transmissions in all directions. Some of these
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transmissions are reﬂeéted by one or more targets of interest 150 and received by
PCL system 100. For example, retlected transmission 140 may be reflected by
target 150 and received by PCL system 100. Further, with regard to transmitter 114,
reference transmission 130 1s received directly by PCL system 100. PCL system
100 may compare reference transmission 130 and reflected transmission 140 to
determine positional mformation about one or more targets of interest 150, as
discussed above. Positional information may include any information relating to a
position of target 150, including location, velocity, and acceleration, and derived
according to processes known to one skilled in the art.

[00025] FIG. 2 depicts a block diagram of a PCL system in accordance with
an embodiment of the present invention. PCL system 100 may include antenna
subsystem 200, ("ADC") analog to digital converter subsystem 220, processing
subsystem 240, and output device 260. Antenna subsystem 200 receives
electromagnetic energy transmissions, including reflected transmission 130 and
reference transmission 140, with at least one antenna. ADC subsystem 220 receives
the output of antenna subsystem 200 and ouiputs digital samples of the signal at its
input by sampling the signal at a sampling rate and forming a digital waveform
using the magnitude for the analog signal at each sampling interval. Processing
subsystem 240 receives the output of assembly subsystem 220 and processes the
signal accordingly. Output device 260 receives the processing result and displays
the output of processing subsystem 240.

[00026] = FIG. 3 depicts a block diagram of a signal processing system 300 for
mitigating co-channel interference in accordance with an embodiment of i:he present

invention. System 300 1s configured to mitigate, or reduce, co-channel
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interference when exploiting wideband sources of opportunity. System 300 1s
used within a passive coherent location system that detects targets and
processes information for the targets, such as time delay, doppler, angle of
arrival, and the like. Wideband sources of opportunity may include commercial
FM broadcast transmissions or commercial HDTV TV broadcast transmissions.
Thus, FM and HDTV TV broadcast transmitters and/or repeaters may be the
illuminators for the PCL system that incorporates system 300.

[00027] Referring to Fig. 3, signal processing system 300 receives signals
340 and 342 from transmitters, or illuminators, 310 and 312, respectively. As
noted above, signals 340 and 342 preferably may be FM or HDTYV signals.
Signals 340 and 342 are received by PCL system 100, as depicted in Figs. 1 and
2. Signal processing systém 300 is part of PCL system 100. More particularly,
signal processing system 300 may be incorporated into processing sub-system
240. Alternatively, signal processing system 300 may be incorporated into ADC
subsystem 220.

[00028] Signal processing system 300 includes co-channel mitigation
processing system 302. Co-channel mitigation processing system 302 seeks to
eliminate the undesirable sources from the received antenna outputs while
leaving the reflected signals from targets of interest unattenuated. Co-channel
mitigation processing system 302 may be used in conjunction with pre-detection
processing within signal processing system 300. Specifically, co-channel
mitigation processing system 302 may be used with techniques for wideband pre-
detection processing. In these techniques, an array of antennas 320 may be used

to receive signals from the source of opportunity to be exploited, such as a
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primary illuminator and any other co-channel signals present. For example,
transmitter 310 may be a primary illuminator that transmits signal 340.

[00029] Reflected target signals 314 maybe received by antenna array 320.
Reflected target signals 314 may be signals correlating to transmitted signals 340
and 342 that have been reflected by a target. Reflected target signais 314 may be
compared to transmitted signals to determine target parameters, such as velocity,
location, and the like. Target antenna array 320 also may receive any other co-
channel signals within the environment with reflected signals 314. Target antenna
array 320 then feeds co-channel signals 316 to co-channel mitigation processing
system 302. Co-channel signals 316 may reflect the co-channel signals received and
to be exploited for PCL operations. These co-channel signals may include mulﬁpath
‘images of the illuminator signal, delay, and Doppler shifted reflections of the
illuminator from targets in the region under surveillance, such as aircraft or space
launch vehicles. The co-chahnel signals also may include other distant broadcast
sources at the same operating frequency as the primary illuminator. Thus, co-
channel signals 316 maybe a compostte of transmitted signals 340 and 342 and
reflected signals 314, and maybe used as an esiimate of these signals. More
particularly, the co-channel signals may be a good estimate of the transmitted, or
direct, signals because the strong direct path signals dominates the reflected target
path signals.

[00030] For example, transmitter 310 may b-e the primary illuminator that
operates at a specified frequency and transmitter 3 12 may be a secondary
illuminator operating at the same frequency. Thus, transmitted, or direct, signals
340 and 342 may have the same frequency.

10
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[00031] Co-channel mitigation processing system 302 seeks to eliminate the
undesirable sources from the received antenna outputs of target antenna array
320 while leaving the reflected signals 314 that are from targets of interest.
Reflected signals 314 should be unattenuated. Undesirable sources may include
the strong direct-path and multipath components of the exploited illuminator.
Co-channel mitigation processing system 302 may include primary cancellation
component 304 and secondary cancellation component 306.

[00032] Primary cancellation component 304 receives co-channel signals
316. Primary cancellation component 304 includes primary illuminator adaptive
beamformer 322, reference regenerator 324, and adaptive cancellation filter 326.
Adaptive beamformer 322 may accept co-channel signals 316 and combine them
to form~ signals that have selectivity along specific lines of azimuth and elevation.
Adaptive beamformer 322 may enhance desired signals, such as transmitted
signals 340 and 342 and reflected signals 314, while suppressing noise and
interference received by target antenna array 320. Further, adaptive
beamformer 322 may be applied whenever multiple signal sources are present
that may be subdivided into target, direct path and noise. Adaptive beamformer
322 may use known methods and applications to amplify and obtain a target or
direct path signal while attenuating noise or undesired signals. Preferably,
adaptive beamformer 322 is concerned with transmitted signals 340 and 342,
which are the direct path signals from transmitters 310 and 312.

[00033] Reference regenerator 324 receives the co-channel signals from
adaptive beamformer 322 to regenerate direct path signals. Transmitters 310

and 312 may be uncontrolled transmitters in that the users of signal processing

11
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system 300 do not have control over transmitters 310 and 312. Reference
regenerator 324 identifies those direct path signals from uncontrolled
transmitters and reconstructs the signals from processing with the received
target signals. A constant amplitude signal estimate having approximately the
frequency and phase of the direct path signals may be generated. This signal
may be a frequency modulated carrier operating at a given frequency. In
reference regenerator 324, the primary direct path signal is regenerated. For
example, transmitted signal 340 may be regenerated by reference regenerator
324. Thus, transmitted signal 340 is obtained the various sources of co-channel
interference have been reduced by a significant amount.

[00034] The co-channel signals with the regenerated primary direct path
signal is received by adaptive cancellation filter 326. Cancellation filter 326
serves to clean up the regenerated primary direct path signal prior to
cancellation by removing excess energy, such as noise. Cancellation filter 326
removes stray energy collected by target antenna array 320 that is outside of the
frequency band of the direct path signal. After filtering, primary cancellation
component 304 then cancels the clean, regenerated primary direct path signal
from the co-channel signals received by target antenna array 320. Primary
cancellation component 304 may reduce the primary illuminator direct path and
multipath components, but may still leave significant residual interference from
distant co-channel illumination sources in the co-channel signals 316.

[00035] After primary cancellation, the remaining co-channel signals are
received by secondary cancellation component 306 at secondary illuminator

adaptive beamformer 330. Secondary cancellation component 306 also includes

12
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reference regenerator 332 and adaptfive cancellation filter 334. Adaptive
beamformer 330 correlates to adaptive beamformer 322, but they are not
necessarily the same. Adaptive beamformers 322 and 330 may have different
configurations. Adaptive beamformer 330 serves to perform beamforming on a
secondary direct path signal. According to the disclosed embodiments, regulatory
constraints on the geographic and spectral distribution of sources of opportunities,
or illuminators, may lead to situations where the secondary source of residual co-
channel is a distant illumination source operating at the same frequency as the
primary illuminator. For example, two transmitters may operate at the same
frequency in the FM band, such as two radio stations, and transmit signals operating
at the same given frequency. According to the above disclosed examples,
transmitter 312 maybe a secondary illuminator transmitting at the same frequency
as transmitter 310. Thus, transmitted signal 342 may be a secondary direct path
signal operating at the same frequency as transmitted signal 840. Secondary
cancellation component 306 cancels the secondary direct path signal much like
primary cancellation component 304 cancels the primary direct path signal.

[00036] Adaptive beamformer 330 may accept the co-channel signals 316

and combine them to form signals that have selectivity along specific lines of
azimuth and elevation. Adaptive beamformer 330 may enhanced desired signals,
such as transmitted signal 342 and reflected signals 314, while suppressing noise
and interference received by target antenna array 320. Further, adaptive
beainformer 330 maybe applied whenever multiple signal sources are present that
may be subdivided into target, direct path and noise. Adaptive beamformer

13
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330 may use known methods and applications to amplify and obtain a target or
direct path signal while attenuating noise or undesired signals, and may be
known to one skilled in the art. Preferably, adaptive beamformer 330 is
concerned with transmitted signal 342 that is the direct path signal from

transmitter 312.

[00037] Reference regenerator 332 receives the co-channel signals from
adaptive beamformer 330 to regenerate a secondary direct path signal, if
applicable. Reference regenerator 332 identifies those direct path signals from
uncontrolled secondary transmitters and reconstructs the signals from
processing with the received target signals. A constant amplitude signal
estimate having approximately the frequency and phase of the secondary direct
path signals may be generated. The signal may be a frequency modulated by
operating at the same given frequency as the primary direct path signal. In
reference regenerator 332, the secondary direct path signal is regenerated. For
example, transmitted signal 342 may be regenerated by reference regenerator
332. Thus, transmitted signal 342 is obtained where the various sources of co-
channel interference have been reduced by a significant amount.

[00038] The co-channel signals with the regenerated secondary direct path
signal are received by adaptive cancellation filter 334. Cancellation filter 334
serves to clean up the regenerated secondary direct path signal prior to
cancellation. Cancellation filter 334 removes stray energy collected by target
antenna array 320 that is outside of the frequency band of the secondary direct
path signal. After filtering, secondary cancellation component 304 then cancels

the clean, regenerated secondary direct path signal from the co-channel signals

14
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received by target antenna array 320. By processing the primary and secondary

direct path signals, the primary and secondary i1lluminator components are reduced

without distortion of the desired signals, such as target signals. Thus, co-channel

. mitigation processing system 302 outputs mutigated co-channel signal 331.

Mitigated signal 331 preferably includes target signals without primary and

secondary direct path sighals. Mitigated signal 331 may be processed by subsequent

pre-detection processing components in a more efficient manner without having to

account for strong direct path signals. Further, reflected and received target signals

may be more accurate in determining target pérameters because co-channel

interference has been reduced.
100039] Fig. 4 depicts a flowchart for mitigating co-channel interference in
accordance with an embodiment of the present invention. Step 402 executes by
receiving co-channel, or multipath, signals at a target antenna array. These signals
may include direct path signals and reflected farget signals, as well as noise and
interference signals. Step 404 executes by performing primary adaptive
beamforming on the co-channel signals. The primary direct path signal 1s
enhanced for further processing operations. Step 406 executes by regenerating the
primary direct path signal. Further, this step may include filtering the primary
direct path signal to remove excess energy. Step 408 executes by canceling the

. primary direct path signal from the co-channel signals.

100040] Step 410 executes by performing secondary adaptive beamforming

- on the remaining co-channel signals. The secondary direct path signal 1s
enhanced for further processing operations. Step 412 executes by regenerating

the secondary direct path signal. Further, this step may include filtering the

15
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secondary direct path signal to remove excess energy. Step 414 executes by
determining the frequency of the secondary direct path signal. Preferably, the
secondary direct path signal has the same frequency as the primary direct path
signal. Step 416 executes by canceling the secondary direct path signal from the
co-channel signals. Step 418 executes by outputting the mitigated co-channel
signals for further signal processing.

[00041] It will be apparent to those skilled in the art that various
modifications and variations can be made in the disclosed embodiments of the
present invention without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention covers the modifications and
variations of this invention provided that they come within the scope of any

claims and their equivalents.

16
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What Is Claimed Is:

1. A method for mitigating co-channel interference in co-
channel signals in a bistatic radar, comprising:

identifying a primary illuminator signal from a primary
illuminator, wherein said primary illuminator signal comprises a frequency
modulated carrier at a given frequency;

regenerating said primary illuminator signal;

cancelling said primary illuminator signal from said co-channel
signals;

identifying a secondary illuminator signal from a secondary
illuminator, wherein said secondary illuminator signal comprises a freduency
modulated carrier at said given frequency;

regenerating said secondary illuminator signal; and

cancelling said secondary illuminator signal from said co-channel
signals.

2. The method of claim 1, further comprising performing
adaptive beamforming to obtain said primary illuminator signal.

3. The method of claim 1, further comprising performing
adaptive beamforming to obtain said secondary ﬂluminator signal.

4. The method of claim 1, further comprising separating said
primary illuminator signal and said secondary illuminator signal from said co-

channel signals.
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5. The method of claim 1, further comprising
receiving sald secondary illumlinator signal over a greater

distance than said primary illuminator signal.

0. The method of claim 1, further comprising
receiving said co-channel signals at an antenna array

coupled to saild bi-static radar.

7. The method of claim 6, wherein said receiving

includes receliving sald co-channel signals transmitted from
remote transmitters including sailid primary illuminator and

sald secondary 1lluminator.

8. The method of claim 6, further comprising
transmitting signals as wideband signals from remote

Cransmitters, whereln sald signals correlate to said co-

channel signals.

9. The method of claim 8, wherein said wideband

signals are frequency-modulated broadcast signals.

10. The method of claim 8, wherein said wideband

signals are high-definition television broadcast signals.
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11. A method for mitigating co-channel interference
in a bistatic radar receiving co-channel signals comprising
target signals reflected by targets and direct signals
transmitted by remote transmitters, comprising:

recelving said co-channel signals at an antenna
coupled to said bi-static radar;

performing adaptive beamforming to obtailin a primary
illuminator reference signal from sald direct signals and
comprises a frequency modulated carrier at a given
frequency;

regenerating said primary illuminator reference;

cancelling said primary illuminator reference signal
from said co-channel signals;

performing adaptive beamforming to obtain a secondary
illuminator reference signal from said direct signals and
comprises a frequency modulated carrier at said given
frequency;

regenerating said secondary 1lluminator reference

signal; and
cancelling sald secondary i1lluminator reference signal

from said co-channel signals.

12. The method of claim 11, further comprising

determining said primary 1illuminator reference signal 1is
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from a primary illuminator of said remote transmitters.

13. The method of claim 11, further comprising
determining salid secondary 1llumilinator reference signal 1s

from a secondary illuminator of salid remote transmitters.

14, A system for mitigating co-channel interference
1n a bistatic radar system that detects targets from
recelved signals at an antenna, wherein saild received
slgnals 1nclude direct signals transmitted from remote
transmitters and target signals, the co-channel
interference mitigation system comprising:

an antenna array to recelve signals;

a primary cancellation component to cancel a primary
iiluminator reference signal from said received signals;
and

a secondary cancellation component to cancel a
secondary l1lluminator reference signal from said received
signals, wherein the secondary cancellation component
comprilses:

an adaptive beamformer to obtain a secondary
1lluminator signal from said received signals,

a reference regenerator to regenerate said secondary

illuminator signal, and
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an adaptive cancellation filter to mitigate co-channel

interference by canceling sald secondary i1lluminator

signal.

15. The system of claim 14, wherein said primary

1lluminator reference signal and said secondary illuminator

reference signal operate at a given freqgquency.

16. The system of claim 14, wherein said primary
cancellatlion component includes a reference regenerator to

obtaln sald primary 1lluminator reference signal.

17. The system of claim 16, wherein said primary
cancellation component further includes an adaptive
beamformer coupled to said antenna array and said reference

regenerator.

18. The system of clalm 14, wherein said primary

cancellation component includes an adaptive cancellation

filter.

19. The system of claim 14, wherein said primary
1lluminator reference signal is received from a primary

1lluminator and sald secondary illuminator reference signal

21



CA 02446404 2008-02-28

1s recelved from a secondary l1lluminator.

20, The system of claim 19, wherein said secondary
1lluminator is located at a greater distance from said

antenna array than sailid primary 1lluminator.

21. The system of claim 14, wherein said primary

l1lluminator reference signal comprises a direct signal.

22. The system of claim 14, wherein said primary
l1lluminator reference signal comprises a frequency-

modulated broadcast signal.

23. The system of claim 14, wherein said primary
illuminator reference signal comprises a high-definition

televislion broadcast signal.

24, The system of claim 14, whereilin said secondary

1lluminator reference signal comprises a direct signal.

25. The system of claim 14, wherein said secondary

illuminator reference signhal comprises a frequency-

modulated broadcast signal.
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26. The system of claim 14, whereln sald secondary
illuminator reference signal comprises a high-definition

television broadcast signal.

27. A method for detecting targets by a bi-static
radar system using transmitted signals from a plurality of
remote transmitters, comprising:

recelving sald transmitted signals and reflected
signals from said targets;

converting said received signals into co-channel
signals;

adaptive beamforming a secondary illuminator signal
from said co-channel signals;

regenerating said secondary illuminator signal; and

cancelling said secondary illuminator signal from said

co—-channel sighals and mitigating co-channel interference.

28. The method of claim 27, further comprising
cancelling a primary illuminator signal from said co-
channel signal, wherein said primary illuminator signal
comprises the frequency of said secondary illuminator

signal.
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29. The method of claim 28, wherein said secondary

illuminator signal is a direct signal transmitted from a

secondary illuminator.

30. A bistatic radar system that detects targets from
received signals at an antenna, whereln said received
signals 1include direct signals transmitted from remote
transmitters and target signals, comprising:

an adaptive beamformer to obtain a secondary
illuminator signal from said received signals;

a reference regenerator to regenerate said secondary
illuminator signal; and

an adaptive cancellation filter to mitigate co-channel
interference by cancelling said secondary 1illuminator

signal.

31. The bistatic radar system of claim 30, further
comprising co-channel signals generated from said receilved

signals, wherein said secondary illuminator signal 1is

obtained from said co—-channel signals.

32. The bistatic radar system of claim 30, further
comprising a primary 1lluminator signal comprising the same

fregquency as said secondary i1lluminator signal, wherein
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said primary 1lluminator signal 1is cancelled from said

recelved signals.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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