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[57] ABSTRACT

A radar system for determining the position of a target
using a radio frequency source of opportunity. The
system uses an interferometer antenna and cross-
correlationi techniques to measure the time delay in
receiving a reflected signal from the target as com-
pared to receiving a direct signal from the signal
source. Thereby, the distance from the RF source via
the target to the antenna is determined. Additionally,
the system uses a plurality of interferometer antennas
and. cross-correlation techniques to measure the rela-
tive phase difference between the signals received by
the antennas. Thereby, the angle of arrival of the re-
flected signals from the target is determined. Combin-
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1
BISTATIC PASSIVE RADAR

GOVERNMENT INTEREST

The invention - described herein may be manufac-
tured and used by or for the Government of the United
States of America for governmental purposes without
the payment of any royalities thereon or therefor.

BACKGROUND OF THE INVENTION

The invention relates to the field of radar for the de-
tection and location of targets. All radar devices re-
quire a source of radio frequency energy to provide il-
lumination of targets and a sensor of radio frequency
energy to detect:echo signals scattered by the targets.
In prior-devices, called active radar systems, the source

of RF energy for target illumination; i.e., the transmit- -

ter, is closely associated with and constitutes an inte-
gral part of the overall radar system. One of the major
problems with active systems is that, by transmitting,
they reveal their own location.

SUMMARY OF THE INVENTION

The present invention is a passive radar system that
utilizes bistatically located transmitters-of-opportunity
as sources of RF energy for target illumination. The
system uses  interferometer antennas and cross-
correlation techniques to detect targets, to measure the
time delay bétween direct and reflected signals, and to
enhance ‘the signal-to-noise ratio of detected signals.
Since the invention is a passive system it does not have
its own RF transmitters and, therefore, will provide tac-
tical information from signals received without reveal-
ing its own location. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the bistatic passive range
determining radar system;

FIG. 2 is a schematic diagram of the cross-correlator
of FIG. 1;

FIG. 3 is a schematic diagram of the antenna arrange-
ment of the dual base line interferometer antenna sys-
tem; and

FIG. 4 is a block diagram of the dual base line inter-
ferometer antenna system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The object of this invention is to provide an opera-
tional passive system capable of detecting, tracking,

and ranging aircraft targets. That is, a system capable

of performing essentially all of the functions of an ac-
tive radar, but employing completely uncontrollable
and uncooperative transmitters-of—opportunity as tar-
get illuminators.

Referrmg to FIG. 1, the bistatic passive range deter-
mining radar system comprises a transmitter-of-

opportunity (radio frequency source) 10, a target 12,

an interferometer antenna having antennas 14 and 16,
a hybrid 24 providing a sum channel. output to sum
channel amplifier 26 and a difference channel output
to difference channel amplifier 28, a sum channel re-
ceiver 32 and a difference channel receiver 34, a
homodyne detector 36, cross-over detectors 52 and 54,
areal-time digital cross-correlator 56, and a display 62.
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The basic approach to the problem of detecting a tar-
get and indicating the target’s range is as follows: when
a target is present the radiated signal from the transmit-
ter 10 arrives at the receiver, antennas 14 and 16, via
two separate paths. The first path 18 is direct from the
transmitter to the receiver, while the other, 20 and 22,
is a scattered path reflected off target 12. The signal re-
flected off target 12 travels over a longer path, 20 and
22, and consequently will be delayed in time with re-
spect to the signal received from the transmitter 10 via
the direct path 18. Since the transmitter modulation is
uncontrollable a method for measuring this time delay
is to use cross-correlation techniques.

Cross-correlating the directly received signal with the
signal reflected from the target will result in a cross-
correlation peak whose position on the display 62 will
give the time delay between the two signals and indi-
cate target detection. Kriowing the time delay and the
velocity of the radio frequency signals the range differ-
ence between the direct path 18 and the scattered
paths 20 and 22 is easily obtained using simple mathe-
matics and, therefore, will not be discussed. Likewise,
if the separation between the receiver and the RF
source 10 is known, the total scattered path; i.e., the
sum of path 20 and 22 can be obtained. This sum lo-
cates the detected target somewhere on the surface of
an imaginary prolate spheroid, with the transmitter and
the receiver located at the foci of the spheroid.

. Again referring to FIG. 1, now in greater detail, the
antenna system consists of two turnstile antenna 14 and
16 connected to a wide band hybrid ring 24. Separation
between the individual antennas 14 and 16 is adjustable
to obtain a desired radiation pattern in the difference
channel of the interferometer. The purpose of this type
of antenna system is to separate the direct signal 18 re-
ceived from an RF source from the reflected signal 22
received from a target. The sum and difference channel
hybrid outputs are respectively fed amplifiers 26 and
28 to enhance the system noise figure. Likewise the
amplifiers outputs are fed to receivers 32 and 34. To
insure phase coherence between the sum and differ-
ence channels, the local oscillators in both receivers 32
and 34 are locked in phase, as shown by common local
oscillator 30 indicated for both receivers.

The output from both receivers 32 and 34 are fed
into a homodyne detector where the sum and differ-
ence signals are translated down to zero intermediate
frequency. A signal from local oscillator 38 is fed to
sum-channel mixer 40 and, through phase shifter 44, to
difference channel mixer 46. Phase shifter 44, driven
by servo-mechanism 42, cancels the Doppler shift asso-
ciated with the reflected signal from a moving target.

The purpose of the detector is as follows: since range
resolution of the system is proportional to the band
width of the signal used, the larger the band width the
greater the resolution of a system. To take full advan-
tage of the rather narrow band width of, say commer-
cial FM stations (£75ke), it is desirable to correlate be-
tween the signals directly from the last I-F before audio
detection. Unfortunately, each cycle of the I-F will cor-
relate with any cycle and thus will result in multiple
peaks in the cross-correlation function. Translating the
signal down to zero intermediate frequency obviates
this difficulty. Zero intermediate frequency in each
channel is indicated at 48 and 50
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The resultant low-pass sum and difference signals
from the homodyne detector 36 are fed through cross-
over detectors 52 and 54 and cross-correlator 56 for
processing. Since the cross-correlator 56 used here is
a digital machine the two signals are first passed
through analog-to-digital converters. The signals are
cross-correlated and outputted to display 62. The
cross-correlator 56 will be discussed in detail with ref-
erence to FIG. 2.

Referring to FIG. 2, the cross-correlator 56 is a delay
line type correlator. It is a real-time machine that con-
sists of two channels. The first channel is a 500 micro-
second tapped delay line 68 into which the signal 64 re-
ceived directly from the RF transmitter 19 is fed. The
other channel is a straight bus having no delay, into
which the reflected signal 66 from a target is fed. The
delay line 68 is tapped each 5 microseconds.

The output from each delay line tap is multiplied by
signal 66 in multipliers 70, 72, and 74, and the resultant
product averaged by means of an RC integrating net-
work 76 and 78. The output of the cross-correlator thus
consists of a plurality of integrated signals that are
scanned sequentially by means of an electronic multi-
plexer 60 and displayed on the face of a scope 62 for
viewing.

When a target 12 is present in the space volume cov-
ered by the system, the delayed signal 22 reflected from
it will appear in the difference channel 66 of the corre-
lator. This reflected signal will correlate with the direct
signal 64 received earlier and held in the delay line 68
over the period of 500 microseconds. The peak of the
resultant cross-correlation between the direct 64 and
the reflected 66 signals will occur at that point on the
delay line 68 that is equal to the time delay of the re-
flected signal 66 as compared to the direct signal 64.

After the target’s range from the receiver has been
determined, the angle-of-arrival of the reflected signal
is required to pin-point its position. A dual base line in-
terferometer antenna system is used to measure the re-
quired angle.

Referring now to FIGS. 3 and 4, the dual base line in-
terferometer antenna system comprises a radio fre-
quency source 10, a target 12, a first antenna 94, a sec-
ond antenna 96, a third antenna 98, an RF source to
antenna path 18, an RF source to target path 20, a tar-
get to antenna path 22, an angle-of-arrival 106, a sec-
ond antenna signal delay 108, antennas 1 and 2 separa-
tion 110, a third antenna signal delay 112, antennas 1
and 3 separation 114, and the accompanying electron-
ics shown in FIG. 4. The accompanying electronics
comprise hybrids 116 and 118, second sum channel
dump 120, receivers 122, 124 and 126; local oscillator
128; mixers 130, 136 and 140; phase shifter 134; phase
shifter adjustment 138; digital dual channel cross-

correlator 148 including multiplexers 150 and 154; and

displays 152 and 156.

The antenna system utilizes two interferometers with
antenna spacings 110 and 114, and hybrids 116 and
118 which provide the required three channel outputs;
one sum channel, in which the direct signal from the
-illuminating transmitter appears, and two difference
channels, in which the signals reflected from the target
appears. The three channels’ signals are respectively
amplified by low noise receivers 122, 124, and 126.
The individual local oscillators in receivers 122, 124,
and 126 are locked together in phase in order to ensure
phase coherence between the three channels. The sig-
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nals are then heterodyned to zero intermediate fre-
quency and applied to a homodyne detector to remove
signal carrier frequency.

Phase adjustment betwen the two difference chan-
nels A; and A, is accomplished by phase shifter adjust-
ment 138 in the homodyne detector. The rotating 360°
phaseshifter 134 driven by servomechanism 132, is
used to cancel the doppler shift associated with the
moving target. Zero intermediate frequency is indi-
cated in each channel by 142, 144 and 146.

The sum (Z,) the difference signals (4,, A;) from the
homodyne are fed into the digital cross-correlator for
processing. As was done in the device of FIG. 1, the sig-
nals are sent to multiplexers 150 and 154 and displays
152 and 156.

The technique for measuring the angle of arrival is as
follows: by having two interferometers; antennas 1 and
2, and 1 and 3; the signal reflected from a target 12 ap-
pears in the difference channel of each interferometer.
Since the separations 110 and 114 between the compo-
nent antennas of the interferometers are not equal the
relative phase between the reflected signal and the di-
rect signal of the first interferometer will be different
from the relative phase difference between the re-
flected signal and the sum signal of the second interfer-
ometer. As a result of the phase inequality the resultant
cross-correlation function between the signals of the
first interferometer will not fluctuate in phase with re-
spect to the resultant cross-correlation function be-
tween the signals of the second interferometer. By in-
troducing an additional phase into one of the difference
channels (reflected signals) the relative phase between
the two difference channels can be reduced to zero,
i.e., the cross-correlations can be made to fluctuate in
phase.

By measuring the phase difference between the two
sets of signals; i.e., the correction required for in-phase
fluctuations; the angle of arrival 106 can be determined
by the equation below.

a =sin “'[(8/m) (MLy—L1)]

Where
a = angle-of-arrival 106 of the reflected signal
A = wavelength (meters)

L,—L,=114—110

# = relative phase between the reflected signal that
appears in the two difference channels (phase differ-
ence between the two sets of signals)

Therefore, by adjusting the device to obtain traces
which are in-phase on displays 152 and 156, and mea-
suring the phase adjustment required by phase shifter
adjustment 138, the angle-of-arrival 106 of the re-
flected signal from target 92 can be measured.

Briefly the operation is as follows: two interferometer
antennas of different widths receive a direct signal
(sum channel) from an RF transmitter-of-opportunity,
and a reflected signal (difference channel) from a tar-
get 92. Because of the difference in antenna width, the
resultant difference channel signals will not be in
phase. One of the difference channel signals is adjusted
to bring it into phase with the other difference channel,
and the amount of adjustment is measured. The signals
are then fed to a dual channel cross-correlator and
presented for display. The display indicates the differ-
ence in phase between the signals. The amount of
phase adjustment is then used to calculate the reflected
signals angle-of-arrival.
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The combined data obtained from the bistatic passive
range determining radar system and the dual base line
interferometer antenna system is sufficient to com-
pletely spec1fy the target or object location.

What is claimed is:

1. A radar system for passively detecting and tracking

targets, wherein said system does not.have its own"

transmitting source, comprising:

a signal transmitting source-of-opportunity detached
from and unassociated with the remainder of said
system except as a signal supply;

a target illuminable by said source;

an interferometer antenna for receiving a signal di-
rectly from said source and a signal reflected from
said target; .

means for measuring the time delay between the ar-
rival at said antenna of said direct signal and the
corresponding said reflected signals; and

means for converting said time delay into a range
value indicating the length of this signal path from
said source via said target to said antenna whereby
an lmagmery surface connecting all possible target
locations is described.

2. The system of claim 1 wherein said time delay

measuring means comprises:

a hybrid electrically coupled to said antenna, provid-
ing first and second channel outputs wherein said

10
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first channel output is the sum of the signals re- .

ceived and said second channel output is the differ-
ence between the signals received;

a first amplifier electrically coupled to said first chan-
nel output;

a first receiver electrically coupled to said first ampli-
fier;

a second amplifier electrically coupled to said second
channel output;

a second teceiver electrically coupled to said second
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amplifier;

“'means electrically coupled to said first and second
receivers for translating each of their outputs to
zero intermediate frequency;

means electrically coupled to said translating means
for converting the output of said translation means
into a signal adapted to be displayed; and

means for displaying said adapted signal;

such that said display means indicates the time delay
between the arrival at said antenna of said direct
signal and the corresponding said reflected signal.

3. The system of claim 2 wherein said converting
means comprises;

a delay line electrically coupled to a first output of

-said translating means;’
~ astraight bus electrically coupled to a second output
of said translating means;

first means for multiplying the value of the signal on

the straight bus by the value of the signal at a first
point on said delay line;

second means for multiplying the value of the signal

on the straight bus by the value of the signal at a
second point on said delay line;

means for integrating the output of said first multiply-

ing means;

means for integrating the output of said second multi-

plying means; and :

means for sequentially coupling the output of each

said integrating means to said display means.

4. The system of claim 3 wherein the signal transmit-
ting source-of-opportunity is a radio frequency trans-
mitter.

5. The system of claim 4 wherein the radio frequency

transmitter is an FM radio station.
* * % * ¥
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