a2 United States Patent

US010078130B1

ao) Patent No.: US 10,078,130 B1

Dorfan 45) Date of Patent: *Sep. 18, 2018
(54) METHOD FOR TRANSMITTING AND USPC oo 342/198, 159, 175
RECEIVING RADAR SIGNALS WHILE See application file for complete search history.
BLOCKING RECEPTION OF SELF Cited
GENERATED SIGNALS (56) References Cite
U.S. PATENT DOCUMENTS
(71) Applicant: ANADYNE. INC., Santa Cruz, CA
(Us) 3,883,870 A % 5/1975 KUNZ .coovvvrrrecerrcccnn 342/174
3,916,408 A * 10/1975 Evans ............. GO1S 7/2813
(72) Inventor: David Elliot Dorfan, Santa Cruz, CA 342/159
(US) 4,675,678 A * 6/1987 Klingenschmitt et al. ..... 342/34
4,878,251 A * 10/1989 Richardson ............ HO3D 3/002
. 455/206
(73) ASSlgnee: ANADYNE’ INC'S Santa CruZS CA 6’792,250 Bl 3k 9/2004 Za.rubln """""""""" H04B 1/0475
Us) 327/105
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 0 days.
This patent is subject to a terminal dis- WO WO 2013015829 AL * 1/2913 )
claimer. Primary Examiner — Marcus E Windrich
(74) Attorney, Agent, or Firm — Jeffrey A. Hall
(21) Appl. No.: 14/756,040 57) ABSTRACT
(22) Filed: Jul. 24, 2015 A method and apparatus which enables a facility or entity
such as ships, airplanes, satellites, and land based sites, that
L transmits and receives radar signals to receive any incoming
Related U.S. Application Data radar signal, or any electromagnetic signals in the frequency
(63) Continuation-in-part of application No. 13/506,584, range of 1 Ghz-30 Ghz, while blocking reception of any
filed on Apr. 30, 2012, now Pat. No. 9,935,369, and signals generated by the fac.lhty or entity itself. The method
a continuation-in-part of application No. 14/545,400, comprises transmitting a primary signal from an rf genera-
filed on Apr. 30, 2015. tor; providing a second signal which is synchronized with
’ the primary signal matching in both phase and amplitude,
(51) Int.CL but with a phase difference of 180 degrees so that the two
GO1S 13/00 (2006.01) signals sum to zero. The second signal travels through a
HO01Q 3/40 (2006.01) voltage controlled attenuator and thru a voltage controlled
GO1S 7/02 (2006.01) phase shifter. Combining in a combiner the second signal
(52) US.CL with a signal radiated by a transmitting antenna and received
CPC oo GO1S 7/023 (2013.01) by a receiving antenna that connects info a transmission
(58) Field of Classification Search enabling mechanism, and then transmitting the combined

CPC .. HO1P 1/184; HO1Q 3/26; HO1Q 3/40; GO1S
13/00

signal to a detector apparatus.

19 Claims, 4 Drawing Sheets

3

A METHOD WHICH ENABLES A FACILITY OR ENTITY THAT TRANSMITS
AND RECEIVES RADAR SIGNALS TG RECEIVE ANY INCOMING RADAR
SIGNAL, WHILE BLOCKING RECEPTION OF ANY SIGNALS GENERATED BY
THE FACILITY ITSELF, COMPRISING:

7 L‘l TRANSMITTING A SIGNAL FROM A RF GENERATOR;

7

PROVIDING A SECOND SIGNAL WHICH IS SYNCHRONIZED WITH THE
PRIMARY SIGNAL MATCHING IN BOTH PHASE AND AMPLITUDE, BUT
WITH A PHASE DIFFERENCE OF 180 DEGREES, THE SECOND SIGNAL
TRAVELS TO A VOLTAGE CONTROLLED ATTENUATOR AND TO A
VOLTAGE CONTROLLED PHASE SHIFTER, THE SIGNAL GOES TO AN
ADJUSTABLE CABLE (TROMBONE) OR TO SWITCHES WHICH HAVE
DIFFERENT LENGTHS OF CABLE WHICH CAN BE ADDED TO THE
SECONDARY PATHWAY TO AID IN PHASE CHANGING;

!

761

COMBINING IN A COMBINER THE SECOND SIGNAL WITH A
SIGNAL RADIATED BY A TRANSMITTING ANTENNA AND RECEIVED
BY A RECEIVING ANTENNA WHICH CONNECTS INTO A

ENABLING ME! ; AND

78~_[__TRANSMITTING THE COMBINED SIGNAL TO A DETECTOR APPARATUS.
8 THE ENABLING MECHANIS IS A CABLE. ]
a2 [ THE ENABLING MECHANISM IS A WAVE GUIDE.

al./\| THE TRANSMISSION ENABLING MECHANISM IS A SECONDARY
ANTENNA.

M"I THE TRANSMITTING ANTENNA HAS A ACCELEROMETER
OPERABLY SECURED THERETQ.
88~ | THE RECEIVING ANTENNA HAS AN ACCELEROMETER GPERABLY
SECURED THERETO, THERE IS AN INTERFEROMETER OR OTHER
MEASURING DEVICE TO TRACK THE DISTANCE BETWEEN THE
TRANSMITTING AND RECEIVING ANTENNA.

THE DETECTOR IS OPERABLY LINKED TO & PLURALITY OF
FILTERS.

921,] THE DETECTOR IS OPERABLY LINKED TO A VIDEQ DEVICE.
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A METHOD WHICH ENABLES A FACILITY OR ENTITY THAT TRANSMITS
AND RECEIVES RADAR SIGNALS TO RECEIVE ANY INCOMING RADAR
SIGNAL, WHILE BLOCKING RECEPTION OF ANY SIGNALS GENERATED BY
THE FACILITY ITSELF, COMPRISING:

Y
2 TRANSMITTING A SIGNAL FROM A RF GENERATOR; |

i

SPLITTING THE SIGNAL, WITH PART OF THE SIGNAL TRAVELING
ALONG A PRIMARY PATHWAY, AND A SECOND PART OF THE
34771 SIGNAL TRAVELING ALONG A SECONDARY PATHWAY WHERE IT
GOES TO A VOLTAGE CONTROLLED ATTENUATOR AND TO A
VOLTAGE CONTROLLED PHASE SHIFTER, THE SIGNAL GOES TO
AN ADJUSTABLE CABLE (TROMBONE) OR TO SWITCHES WHICH
HAVE DIFFERENT LENGTHS OF CABLE WHICH CAN BE ADDED TO
THE SECONDARY PATHWAY TO AID IN PHASE CHANGING;

|
56 COMBINING IN A COMBINER THE SECOND PART OF THE
U SIGNAL TRAVELING ALONG THE SECONDARY PATHWAY WITH A
SIGNAL RADIATED BY A TRANSMITTING ANTENNA AND RECEIVED
BY A RECEIVING ANTENNA WHICH CONNECTS INTO A
TRANSMISSION ENABLING MECHANISM; AND

]
58'\—1 TRANSMITTING THE COMBINED SIGNAL TO A DETECTOR APPARATUS. I

60 THE TRANSMISSION ENABLING MECHANISM IS A CABLE.

62 THE TRANSMISSION ENABLING MECHANISM IS A WAVE GUIDE.

64—~ THE TRANSMISSION ENABLING MECHANISM IS A SECONDARY
ANTENNA.

Fio3 66w THE TRANSMITTING ANTENNA HAS A ACCELEROMETER
18 OPERABLY SECURED THERETO.

68~ | THE RECEIVING ANTENNA HAS AN ACCELEROMETER OPERABLY

SECURED THERETO, THERE IS AN INTERFEROMETER OR OTHER

MEASURING DEVICE TO TRACK THE DISTANCE BETWEEN THE
TRANSMITTING AND RECEIVING ANTENNA.
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70 A METHOD WHICH ENABLES A FACILITY OR ENTITY THAT TRANSMITS
U AND RECEIVES RADAR SIGNALS TO RECEIVE ANY INCOMING RADAR
SIGNAL, WHILE BLOCKING RECEPTION OF ANY SIGNALS GENERATED BY
THE FACILITY ITSELF, COMPRISING:

Y
LA TRANSMITTING A SIGNAL FROM A RF GENERATOR; ]

|

PROVIDING A SECOND SIGNAL WHICH IS SYNCHRONIZED WITH THE
PRIMARY SIGNAL MATCHING IN BOTH PHASE AND AMPLITUDE, BUT
WITH A PHASE DIFFERENCE OF 180 DEGREES, THE SECOND SIGNAL
74 TRAVELS TO A VOLTAGE CONTROLLED ATTENUATOR AND TO A
VOLTAGE CONTROLLED PHASE SHIFTER, THE SIGNAL GOES TO AN
ADJUSTABLE CABLE (TROMBONE) OR TO SWITCHES WHICH HAVE
DIFFERENT LENGTHS OF CABLE WHICH CAN BE ADDED TO THE
SECONDARY PATHWAY TO AID IN PHASE CHANGING;

Y
76 COMBINING IN A COMBINER THE SECOND SIGNAL WITH A
Uy SIGNAL RADIATED BY A TRANSMITTING ANTENNA AND RECEIVED
BY A RECEIVING ANTENNA WHICH CONNECTS INTO A
TRANSMISSION ENABLING MECHANISM; AND

|
781—4; TRANSMITTING THE COMBINED SIGNAL TO A DETECTOR APPARATUS. l

80-~|__ THE TRANSMISSION ENABLING MECHANISM IS A CABLE. |
82| THE TRANSMISSION ENABLING MECHANISM IS A WAVE GUIDE.

84— THE TRANSMISSION ENABLING MECHANISM IS A SECONDARY
ANTENNA.,

86~ THE TRANSMITTING ANTENNA HAS A ACCELEROMETER
OPERABLY SECURED THERETO.

88~ | THE RECEIVING ANTENNA HAS AN ACCELEROMETER OPERABLY

SECURED THERETO, THERE IS AN INTERFEROMETER OR OTHER

Flg4 MEASURING DEVICE TO TRACK THE DISTANCE BETWEEN THE
TRANSMITTING AND RECEIVING ANTENNA.

90~ | THE DETECTOR IS OPERABLY LINKED TO A PLURALITY OF
FILTERS.

92 THE DETECTOR IS OPERABLY LINKED TO A VIDEO DEVICE.
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1
METHOD FOR TRANSMITTING AND
RECEIVING RADAR SIGNALS WHILE
BLOCKING RECEPTION OF SELF
GENERATED SIGNALS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of and claims
priority from co-pending U.S. patent application Ser. No.
14/545,400, filed Apr. 30, 2015, and co-pending U.S. patent
application Ser. No. 13/506,584 filed Apr. 30, 2012, which
is related to and claims priority from U.S. Provisional Patent
Application 61/574,258, filed Jul. 28, 2011.

BACKGROUND OF THE INVENTION

Technical Field

This invention relates to methods and apparatuses that
enable a facility or entity that transmits and receives radar
signals over a broad frequency range, spanning at least three
octaves to receive any incoming signals, while blocking
reception of any signals generated by the facility or entity
itself. The present invention is also fully functional and
operational for any installation that both transmits, and
receives, microwave or microwave frequency electrical sig-
nals.

Background Art

Many facilities or entities, such as ships, airplanes, and
land based sites need to transmit and receive signals, such as
radar signals, simultaneously. This can present serious dif-
ficulties since the receiving antennas will often pick up very
large signals from the transmitting antennas owing to their
close proximity. These signals will mask the incoming
signals as described below.

The transmitted and received signals may be continuous,
rf signals (CW), or pulsed. The rf frequencies are usually in
the range of 500 Mhz to 30 GHz, and the pulse durations are
long compared to a single rf cycle. The rf is generally acting
as a carrier for the pulses.

The signals detected by the receiving antennas are taken
through cables from the antennas to detectors and may pass
through filters, rf amplifiers, limiters, isolators impedance
matching networks, and the like. A typical setup is shown in
FIG. 1(a). The detectors are usually tunnel, or Schottky,
diodes with an inductor to ground on the input side and a
capacitor to ground on the output side. The inductor pro-
vides a DC path to ground for low frequency components,
while the capacitor serves to run rf signals to ground after
they have been through the detector. The diodes themselves
act as “power law” detectors, producing a DC offset pro-
portional to the rf power input on the capacitor side of the
detector for CW rf inputs and a pulse with a pulse height
proportional to the rf power for received signals which are
pulse modulated rf. The DC signal, or demodulated pulses
are then amplified by video amplifiers and the information
carried by them processed by subsequent electronic cir-
cuitry. The detectors produce an output that is proportional
to the input power up to the input power of about —20 dbm.
For higher input powers the response is less sensitive, and
for powers above about 5 dbm, tunnel diodes behave poorly
and can be destroyed very easily. Schottky diodes can take
higher powers than tunnel diodes without being destroyed,
but their sensitivity is also seriously degraded for high
power input signals.

If the receiving system is only intended to detect pulses
and CW is also present, either from an external source or
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from the transmitting antennas, it is possible to strip this
CW, while maintaining the ability to see and measure the
amplitude of short pulses, by using filtering techniques, or
“baseline restorers” in the video circuitry that follows the
detector, provided that the incoming power is low enough so
the detector’s sensitivity is not degraded, that is, for rf
powers below about —20 dbm. For higher powers it may be
still be possible to see and measure the amplitude of pulses
accurately provided the power of the rf carrier for the pulses
is larger than the power of the CW that is being stripped.
However, the loss of sensitivity of the detectors makes it
impossible to see small incoming pulses that could be seen
in the absence of the CW. In addition, for high input powers
of CW, inner modulation noise becomes a serious problem
and this further masks the small input signals. The inner
modulation noise results from the non linear nature of the
detector. Because its output is proportional to the square of
the amplitude, if two frequencies are present in the rf, the
output of the detector will have one term with a frequency
equal to the sum of the frequencies, and another with the
difference of the frequencies. Since there is always white rf
noise, the difference frequency between the large signal rf
received and that of some of the noise will fall directly into
the video band, giving rise to the inner modulation noise.
Finally, it is not possible to detect and measure pulse
amplitudes accurately if the carrier frequency is close to that
of'the unwanted incoming CW, its subharmonics or harmon-
ics, because of interference effects in the rf. In spite of these
problems all of the efforts we are aware of have attempted
to strip CW in the video section, after the signal has been
detected, or have used many channels, each one with its own
detector with channels having narrow filters. With this latter
approach all channels except the channel that receives and
passes the transmitted signal are live to incoming radar. This
is expensive and does not permit reception in the same band
that is being used to transmit. Note that incoming signals or
CW from distant sources are usually relatively weak so that
the detectors are not crippled by these signals. The high
power signals that are generally the problem are those
generated by the facility’s, or entity’s own transmitting
antennas.

The only way to prevent these problems is to stop the
unwanted signal from reaching the detector and a method
and apparatus for achieving this is the object and advantage
of the present invention.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of'the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

SUMMARY OF THE INVENTION

To achieve the foregoing objectives, and in accordance
with the purpose of the invention as embodied and broadly
described herein, the present invention is premised on the
fact that the facility or entity knows the amplitude and phase
of the signals they transmit. Thus if a signal that is derived
from the same signal generator, or one synchronized with it
in phase, frequency and amplitude is taken along a second
path to the detector, with the signal taken via the secondary
path arriving at the detector with the same amplitude as the
signal arising from the primary path, but with a phase
difference of 180 degrees, the two signals sum to zero. The
primary path is the path described above, namely through
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the transmitting and receiving antennas. The secondary path
could be through a cable or wave guide, separate antenna or
other means well known in the art, which is fed by diverting
some of the signal that goes to the transmitting antenna to
the secondary path, and then added to the primary signal at
a point after the receiving antenna and before the detector.
The secondary signal has its amplitude and phase adjusted to
cancel the primary signal. This is preferably achieved by
voltage controlled attenuators and phase shifters or by
increasing the path length for the secondary signal by
changing the physical length of cable, using switches, or a
variable length device like a trombone. The present inven-
tion is fully functional and operational with any installation
that both transmits, and receives, microwave or microwave
frequency electrical signals.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate a pre-
ferred embodiment of the invention and, together with a
general description given above and the detailed description
of the preferred embodiment given below, serve to explain
the principles of the invention.

FIG. 1(a) shows a prior radar signal receiving setup, as
typical in the prior art, and shown here for illustrative
purposes.

FIG. 1(b) shows a prior art tunnel diode detector setup, for
illustrative purposes.

FIG. 2 shows a preferred embodiment of the invention
which enables a facility or entity that transmits and receives
radar signals to receive any incoming radar signal, while
blocking reception of any signals generated by the facility
itself, according to the invention.

FIG. 3 is flow diagram of a preferred method which
enables a facility or entity that transmits and receives radar
signals to receive any incoming radar signal, while blocking
reception of any signals generated by the facility itself,
according to the invention.

FIG. 4 is flow diagram of another preferred method which
enables a facility or entity that transmits and receives radar
signals to receive any incoming radar signal, while blocking
reception of any signals generated by the facility itself,
according to the invention

FIG. 5, shows another embodiment of the invention,
which utilizes generators G1 and G2 for calibration and run
continually at fixed frequencies, producing signals that are
combined with the main signal going up the transmitting
antenna just after the signals are generated, according to the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention as illustrated in the
accompanying drawings.

The preferred embodiments of the present invention,
described herein and illustrated in the drawings, in particular
FIGS. 2, 3 and 4, provide for the first time, a method and
apparatus 10, which enables a facility or entity that transmits
and receives radar signals to receive any incoming radar
signal, while blocking reception of any signals generated by
the facility itself. The present invention is also fully opera-
tional and functional with any electromagnetic signals in the
frequency range of 1 GHz-30 GHz. In all of the embodi-
ments a method and apparatus, constructed using compo-
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4

nents which are well known in the microwave, or rf, field,
is employed to do the following:

Transmit a primary signal generated by a rf generator
from a primary transmitting antenna.

Derive a secondary signal whose frequency is the same as
that of the primary signal, whose amplitude is related to that
of the primary signal, preferably linearly, whose phase
maintains a constant difference, which may be zero, from
that of the primary. This signal must be contained so that it
does not get transmitted from the primary transmitting
antenna and does not propagate beyond a small area close to
the receiving antenna. This is most simply achieved by
splitting off a fraction of the primary signal before it is
transmitted and transporting it separately. However, it could
be derived from a second generator which is synchronized in
frequency, phase and amplitude with the first generator.

This secondary signal will be added to the primary signal
before the primary signal reaches the detector which follows
the receiving antenna. Adjustments are made to the second-
ary beam as described below so that when the signals are
combined the amplitudes of the secondary and primary
signals are the same but the phase of the secondary signal
differs from that of the primary by 180 degrees, so that the
two signals sum to zero. The combination or summation can
take place at the receiving antenna if the transport means for
the second signal includes a secondary transmission antenna
and shielding which keeps the signal localized to the vicinity
of'the receiving antenna. The simplest implementation of the
summation would be to couple a cable carrying the second-
ary signal into a cable used to transport the signal from the
receiving antenna to the detector.

In order to achieve the phase and amplitude relations
between the primary, and secondary, beams described
above, the secondary beam is taken through a voltage
controlled attenuator and a voltage controlled phase shifter.
The control voltages for these devices come from a com-
puter in which data derived in calibration runs, temperature
as well as data pertaining to the distance between the
transmitting, and receiving antennas is stored. The distance
data can be obtained and fed to a computer by using an
interferometer to measure the distance between the two
antenna. This distance may change because of wind, tem-
perature or other variables, but the time scales for meaning-
ful distance changes is at least milliseconds, so this is easily
monitored and fed into the system. The phase can also be
changed using a variable length cable. Or by switching a
coaxial switch to bring in cables of various lengths, although
this would still need a phase shifter to get sufficient preci-
sion.

The sum of the two signals is transported from the
combiner to the detector. The transmitted signal and the
secondary signal should sum to zero but any other signal
coming in at the same time will proceed to the detector
unaltered.

First, in reference to FIGS. 1(a) and 1(b) examples of
typical prior radar receiving and detector setups are shown
for illustrative purpose and their operation described in the
Background section of this application. In FIG. 1(a) a
receiving antenna 100, is shown linked by cable 110, to rf
amplifier 112 and to filters 114, limitors, or isolaters and the
like, to a detector apparatus 116. The signal travels to
amplifier 118 and to signal processing 120.

In FIG. 1(b) shows an example of a prior tunnel diode
detector setup, for illustrative purposes. Here, rf signal 125,
travels to inductor 127, and then to tunnel diode 129, linked
to capacitor 131, and to video section 133.
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With reference now to FIG. 2, a preferred embodiment of
the present invention is shown 10, with rf generator 12
linked to cable 14. Cable 14, is linked to cable 18 which is
communicatively linked to transmitting antenna 20, with
transmitting signal 21. This defines a primary signal path-
way 11. In accordance with the invention, the signal trav-
eling up cable 14, from rf generator 12, is split, with part
going to transmitting antenna 20, via cable 18, and part
being diverted along cable 16, where it goes into a voltage
controlled attenuator 24, with control means 26, which may
be a computer or other control device to control voltage in
attenuator 24. The diverted signal then travels to voltage
controlled phase shifter 28, with control means 30, which
may be a computer or other control device to control voltage
in voltage shifter 28, and to adjust the phase shifter in
response to data received from accelerometers or an inter-
ferometric distance measuring apparatus, such as interfer-
ometer 41, on the antennas, to measure distance between
antennas. The interferometer 41, or other measuring device
is used to track the distance between the transmitting and
receiving antenna. The signal is then combined with the
signal 23, received by receiving antenna 32, which connects
into cable 36. The signal can also go through to an adjustable
length cable (trombone) 31, with a control means 33, which
may be a digital, wireless, or mechanical control device,
which controls the length of the cable. The path length of the
secondary signal can also be changed, if required, by means
of a coaxial switch 37, which connects different lengths of
cable into the secondary signal pathway. The coaxial switch
is controlled by control means 39, which may be a digital,
wireless, or mechanical control device. Together with the
voltage controlled phase shifter 28, this enables the phase to
be adjusted to null the unwanted signal reaching the detector.
This is the secondary signal pathway 15.

In FIG. 2 a single diverting or canceling path is shown,
however, in alternative embodiments, more canceling paths
along cables in parallel with cable 16, could be used instead
of the single path illustrated. This would enable the facility
to transmit more than one frequency at a time. Each fre-
quency signal would require its own canceling secondary
signal.

Alternative means for diverting the signal path may also
be used, such as wave guides 58, in FIG. 3, and 82, of FIG.
4, or secondary antennas 64, in FIG. 3 and 84, FIG. 4. In the
preferred embodiment, an accelerometer or accelerometer
chip 22, on transmitting antenna 20, and accelerometer or
accelerometer chip 34, or an interferometric distance mea-
suring apparatus such as interferometer 41, on receiving
antenna 32, are used to track relative movement of the
antennas and this data is fed into control system 30, of phase
shifter 28, where it is used to adjust the phase shifter as
required. The signals are combined in a combiner 38, which
receive signals through cable 16 and 36, and which connects
into a transmission enabling mechanism, such as cable 40,
and transmits the combined signal to filters 42, or rfamps,
isolators, and the like well known in the art, then to detector
44, and after demodulation to video 46.

Preferably, the method and apparatus described herein for
which enables a facility or entity that transmits and receives
radar signals to receive any incoming radar signal, while
blocking reception of any signals generated by the facility
itself, is calibrated in the absence of any other incoming
signals at each frequency that is transmitted. The attenuation
and phase shift adjustments would automatically set to the
calibrated values when transmitting. Since both paths are fed
by the same generator, namely rf generator 12, the cancel-
lation will work for all amplitudes, provided that they are set
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correctly at some amplitude. The system can also be cali-
brated by transmitting a very powerful signal that swamps
any incoming signals from other sources, and nulling this
signal as well as possible using attenuator 24, and phase
shifter 28.

In practice, antennas 20, and 32, may move relative to
each other because of vibrations or wind and thus the path
difference would change and the signals would no longer
cancel. The time scale for this movement is milliseconds and
the relative movement could be tracked using accelerometer
chips 22, and 34, on antennas 20, and 32, and corrected for
by changing the phase shift accordingly. Alternatively, a
separate system which measures the distance between the
antennas could be installed an its reading used to adjust the
phase.

It is also advantageous to make the actual path difference
between the two paths a close to zero as possible because the
transmitted signal has a finite bandwidth f.

Making the path lengths equal is not be possible if there
are multiple paths for the radiation transmitted by one
antenna and received by a second antenna. This could be the
case if the signal detected results from reflections, rather
than direct transmission from one antenna to the other. If this
is the case, the power spectrum detected for the unwanted
signals will differ from the power spectrum that is generated.
In this case it is clear that the signal used to cancel the
unwanted signal will not cancel it completely since all the
paths will not have the same phase at the receiving antenna.
If there are a small number of significant paths, then the
unwanted signal can still be canceled by using a separate
canceling signal for each path.

With reference now to FIG. 3, a preferred method 50, of
the present invention is illustrated in a flow diagram, which
enables a facility or entity that transmits and receives radar
signals to receive any incoming radar signal, while blocking
reception of any signals generated by the facility itself,
comprises the steps of: transmitting a signal by an rf
generator 52; splitting the signal, with part of the signal
traveling along a primary pathway, and a second part of the
signal traveling along a secondary pathway where it goes to
a voltage controlled attenuator and to a voltage controlled
phase shifter, 54, the signal then goes to an adjustable length
cable or trombone 31, as seen in FIG. 3, or to switches which
have different lengths of cable which can be added to the
secondary pathway to aid in phase changing; combining in
a combiner the second part of the signal traveling along said
secondary pathway with a signal radiated by a transmitting
antenna and received by a receiving antenna which connects
into a transmission enabling mechanism, 56; and then trans-
mitting the combined signal to a detector apparatus, step 58.
In FIG. 3, the transmission enabling mechanism is a cable
60, or a wave guide 62, or a secondary antenna 64, or
plurality of antennas. In FIG. 3, the transmitting antenna
preferably has an accelerometer operably secured thereto,
66, and the receiving antenna also has an accelerometer
operably secured thereto, 68, there is also provided inter-
ferometer 41, seen in FIG. 2, or other measuring device to
track the distance between the transmitting and receiving
antenna

In FIG. 4, another preferred method 70, is shown, which
enables a facility or entity that transmits and receives radar
signals to receive any incoming radar signal, while blocking
reception of any signals generated by the facility itself,
comprises the steps of: transmitting a primary signal by an
rf generator, 72; providing a second signal which is syn-
chronized with the primary signal matching in both phase
and amplitude, but with a phase difference of 180 degrees,
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the second signal travels to a voltage controlled attenuator
and to a voltage controlled phase shifter, 74, the signal then
goes to an adjustable length cable or trombone 31, as seen
in FIG. 2, or to switches which have different lengths of
cable which can be added to the secondary pathway to aid
in phase changing; combining in a combiner the second
signal with a signal radiated by a transmitting antenna and
received by a receiving antenna which connects into a
transmission enabling mechanism 76; and transmitting the
combined signal to a detector apparatus 78. In FIG. 4, the
transmission enabling mechanism is a cable 80, or a wave
guide 82, or a secondary antenna 84. Preferably the trans-
mitting antenna has an accelerometer, or an interferometric
distance measuring apparatus to measure distance between
antennas operably secured thereto, 86, and the receiving
antenna has an accelerometer operably secured thereto 88,
there is also provided interferometer 41, seen in FIG. 2, or
other measuring device to track the distance between the
transmitting and receiving antenna. The detector is operably
linked to a plurality of filters 90, and operably linked to a
video device 92,

In another embodiment of the present invention, seen in
FIG. 5, a system or method is provided that is very similar
to the previously discussed methodology except that second,
and third, generators G1 and G2 used for calibration, run
continually at fixed frequencies, producing signals that are
combined with the main signal going up the transmitting
antenna just after the signals are generated. These two
calibration signals are used to null the path difference
between the signal transmitted through the cable, S2 to D2
and the signal received at detection diode D2 that is trans-
mitted directly from the transmitting antenna to the receiv-
ing antenna and hence to D2. The signals associated with G1
do the fine adjustments after the signals associated with G2
have been used to correct large path differences that could
come about by large relative motions of the transmitting and
receiving antennae. Note that when originally fabricated and
calibrated, the cable lengths are chosen so that the path
lengths to the appropriate diode detectors, for the signal
through the cable and the equivalent signal transmitted all
the way through the transmitting and receiving antennae to
the diode detectors are identical for cancelling pairs. This
ensures that for any signal frequency used, simple inversion
of the signal from the cable path will cause cancellation.

Preferably, the signal generated by G1, is combined with
the main signal in the transmitting antennae, and is then split
into three by SP1, with small fractions of the power going
through Fill to produce signal S1, and with PBF1 to produce
signal S2. Fill is a narrow band filter centered on the
frequency of the signal produced by G1, f;, and PBF2 is a
pass-blocking filter for the same frequency range. S1 goes
through voltage-controlled attenuator, VCA1, and voltage
controlled phase shifter, VPS1 and an inverter INV1, after
which it is combined with a signal coming out of PSF2, S3.

As seen in FIG. 5, the origin of S3 is herein described. As
the signal goes down the receiving antenna, it is split by ST2
with a small fraction of the power going to PF3; the rest
going through filter Fil2 which blocks the band around the
frequency generated by G2, f,, and to a second second
splitter, SP2 which splits a portion of the signal off. The
signal split oftf the main signal passes through PBF2 a
narrow pass band filter that transmits a narrow band of
frequencies around the frequency generated by G1.f,. This
is the signal S3 that is combined with S1 before being fed
into detector diode D1, in order to produce a signal derived
from D1, which is used to set the phase shifters VPS and
VPS2 so that the direct signal from the transmitting, to the
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receiving, antenna is cancelled. The portion of the signal not
diverted to PBF2 continues down the receiving antenna
through FIL3, a filter that blocks frequencies around f,
before being recombined with S2. The combined signal is
fed into D2 a diode detector designed to detect the incoming
radar signals.

The signal from G2, a CW signal at £, is used to provide
unambiguous information needed to determine how to shift
the phases when there is a large fluctuation in phases caused
by large relative motion of the transmitting and receiving
antennae. An example of this use would be in airplanes or
satellites. Preferably, f,, is chosen to be a low enough
frequency so that relative phase changes in the two paths of
that are induced by motion of the antennae lie in the region
of minus 180 to plus 180 degrees. The system will employ
a dual arm phase difference measurement to provide unam-
biguous information to adjust the phase until the deviation is
small enough for D1’s output to to control the fine adjust-
ment.

The signal from G2 is split by splitter ST1, with a part of
the signal, S2' going into the transmitting antenna and the
other part, S4 going through a voltage controlled attenuator,
A2, and then through a voltage controlled phase shifter, PS2,
to one input of a dual arm phase detector. The second input
to the phase detector is provided by the signal split off by
ST2 after it has gone through a filter that only passes a
narrow band around f;,. The output of the phase detector
provides unambiguous data to enable the correct phase
correction to be made. The output of the phase detector is
used to control the phase shift of PS2. It is fed into L1 a logic
unit that selects whether the phase detector output or the
output from D1 is used to control the phase shift of VPS1
and hence VPS2.

The circuit is completed by taking the part of the pulse
split by SP2 and sent down the antenna, passing it through
Fil3 a filter that blocks the narrow band centered on f;, down
to a combiner where it is combined with S2 and fed to
detector diode D2. This signal has had both calibration
frequencies filtered out and it has had a negative signal
added to cancel the direct signal. The control voltage for the
phase shifter VPS2 is produced by L1 and is derived from
the control voltage used on VPS1 and the ratio of the
frequencies of S1 to S2.

In operation and use, the disclosed method and apparatus
10, of the present invention may be used in a wide variety
of facilities or entities, such as ships, airplanes, satellites,
vehicles and land based sites that need to transmit and
receive radar signals, simultaneously. The present invention
is premised on the fact that the facility or entity knows the
amplitude and phase of the signals they transmit. Thus if a
signal that is derived from the same signal generator 12, or
one synchronized with it in both phase and amplitude is
taken along a second path to the detector, with the signal
taken via the secondary path 15, arriving at the detector 44,
with the same amplitude as the signal arising from the
primary path 11, but with a phase difference of 180 degrees,
so that the two signals sum to zero. The primary path 11, is
the path described above, namely through the transmitting
and receiving antennas 20, and 32. The secondary path 15,
could be through a cable 16, or wave guide, separate
antenna, or other means well known in the art, which is fed
by diverting some of the signal that goes, to the transmitting
antenna to the secondary path, and added to the primary
signal at a point after the receiving antenna and before the
detector. The secondary signal has its amplitude and phase
adjusted to cancel the primary signal. This is preferably
achieved by voltage controlled attenuator 24, and phase
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shifter 28. Alternatively the phase can be varied by varying
the length of the cable by means of a trombone, a device
designed specifically to change the length of a delay line.
The present invention is fully functional and operational in
any installation that both transmits, and receives, micro-
waves or microwave frequency electrical signals. These
methods described herein can all be applied to cell phone
transmission towers to enable simultaneous transmission
and reception on the same frequency. Similarly the methods
described herein can be applied to satellite communications
giving a large increase in usable bandwidth.
Additional advantages and modification will readily occur
to those skilled in the art. The invention in its broader
aspects is, therefore, not limited to the specific details,
representative apparatus and illustrative examples shown
and described. Accordingly, departures from such details
may be made without departing from the spirit or scope of
the applicant’s general inventive concept.
What is claimed is:
1. A method which enables facilities, such ships, air-
planes, and land based sites, to transmit and receive radar
signals to receive any incoming radar signal, while blocking
reception of any signals generated by the facility itself,
including any installation that transmits and receives elec-
tromagnetic signals in the frequency range of 1 GHz-30
GHz, comprising:
generating a primary rf signal of frequency f, that is
continuous, or modulated by a lower frequency modu-
lation than a carrier frequency f;

transporting said signal to a transmitting antenna where it
is transmitted and an unwanted signal is detected by the
facilities receiving antenna and transported to a detec-
tor;
providing a secondary signal which has the same carrier
frequency and modulations as the primary signal and
such that the carrier signal maintains a fixed phase
relationship with the primary signal, by means of
splitting off a fraction of the primary signal before the
transmitting antenna, or by generating such a signal
from a second rf generator synchronized to said pri-
mary signal, in frequency, phase and amplitude; and,

transporting said secondary signal through components
including a voltage controlled attenuator and a voltage
controlled phase shifter, to adjust the amplitude and
phase, to a place, at or between the receiving antenna
and the detector, where it is added to the primary signal,
after its amplitude has been adjusted to equal that of the
primary signal, and its phase shifted so it is 180 degrees
out of phase with the primary signal at the addition
point; the signals will then sum to zero and will not
affect the detector, it being crucial that a part of the
secondary signal be transmitted by the primary trans-
mission antenna and, if any other antennae be used in
the transportation of the secondary beam the radiated
secondary signal be contained so as not to interfere
with the primary beam anywhere except to the place or
the immediate vicinity of the place where the signals
are added; the secondary signal is transported using a
cable or waveguide and added in a coupler to the
primary signal from the receiving antenna for which,
the same transport mechanism is provided between the
receiving antenna and the detector.

2. The method of claim 1, wherein if more than one
primary signal is transmitted, that is under conditions where
a plurality of primary signals with different carrier frequen-
cies are simultaneously transmitted, one secondary signal is
provided for each different primary signal transmitted.
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3. The method of claim 1, wherein said secondary signal
generation is transmitted by said facilities.
4. The method of claim 1, wherein said secondary signal
is split off from said primary signal using signal splitting
means.
5. The method of claim 1, wherein said secondary signal
is generated by a separate generator synchronized in fre-
quency, phase and amplitude with the primary generator.
6. The method of claim 1, wherein said secondary signal
is transported so that it only interfere with the primary signal
at, or after, the receiving antenna and not interfere in any
way with the primary signal at any other location, by using
a cable or waveguides.
7. The method of claim 1, wherein said secondary signal
is transported so that it only interferes with the primary
signal at, or after, the receiving antenna and not interfere in
any way with the primary signal at other locations, by using
a secondary antenna positioned in close proximity to the
receiving antenna.
8. The method of claim 1, wherein said secondary signal
is transported so that it only interferes with the primary
signal at, or after, the receiving antenna and not interfere in
any way with the primary signal at other locations, by using
a secondary antenna positioned in close proximity to the
receiving antenna, and using a shielding mechanism to
prevent a radiated signal that could cause interference with
the primary signal.
9. The method of claim 1, wherein adjusting the phase is
done with said voltage controlled phase shifter.
10. The method of claim 1, wherein the phase is changed
by varying the length of the cables using a trombone or by
switching in varying lengths of cable using a coaxial switch,
and then using the phase shifter to achieve exact cancella-
tion.
11. A method which enables a facility or entity, such as
ships, airplanes, and land based sites, that transmit and
receive radar signals to receive any incoming radar signal,
while blocking reception of any signals generated by devices
in the facility, including any installation that transmits and
receives electromagnetic signals in the frequency range of 1
GHz-30 GHz, comprising:
transmitting a primary signal by an rf generator; said
primary signal may be continuous, or modulated by a
lower frequency modulation than a carrier frequency f;

providing a second signal which is synchronized with the
primary signal matching in both phase and amplitude,
but with a phase difference of 180 degrees, said second
signal travels to a voltage controlled attenuator and to
a voltage controlled phase shifter;

combining in a combiner said second signal with a signal
radiated by a transmitting antenna and received by a
receiving antenna which connects into a transmission
enabling mechanism; and,

transmitting said combined signal to a detector apparatus.

12. The method of claim 11, wherein said transmission
enabling mechanism of said method is a cable.

13. The method of claim 11, wherein said transmission
enabling mechanism of said method is a wave guide.

14. The method of claim 11, wherein said transmission
enabling mechanism of said method is a secondary antenna.

15. The method of claim 11, wherein said transmitting
antenna of said method has an accelerometer operably
secured thereto.

16. The method of claim 11, wherein said receiving
antenna of said method has an accelerometer operably
secured thereto.
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17. A method which enables facilities, such as ships,
airplanes, and land based sites, that transmit and receive
radar signals to receive any incoming radar signal, while
blocking reception of any signals generated by the facility
itself, including any installation that transmits and receives
electromagnetic signals in the frequency range of 1 GHz-30
GHz, comprising:

transmitting a signal from an rf generator;

splitting the signal, with part of the signal traveling along

a primary pathway, and a second part of the signal
traveling along a secondary pathway where it goes to a
voltage controlled attenuator and to a voltage con-
trolled phase shifter;

combining in a combiner said second part of the signal

traveling along said secondary pathway with a signal
radiated by a transmitting antenna and received by a
receiving antenna which connects into a transmission
enabling mechanism; and,

transmitting said combined signal to a detector apparatus.
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18. The method of claim 17, wherein a second generator
and third generator is utilized for calibration, and each runs
continuously at a fixed frequency producing a signal that is
combined with the signal in the transmitting antenna just
after the signals are generated; the two calibration signals
are used to null the path difference between the signal
transmitted through a cable and the signal received at
detection diode that is transmitted directly from the trans-
mitting antenna to the receiving antenna and then to the
detection diode.

19. The method of claim 17, wherein both of said signals
are run through a voltage controlled attenuator, a phase
shifter, and a dual arm phase detector, allowing any instal-
lation that both transmits and receives microwaves or micro-
wave frequency electric signals to utilize said methodology.
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