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1
SINGLE-ANTENNA FM/CW MARINE RADAR

PRIORITY CLAIM

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/263,744 filed on Nov. 23, 2009, the con-
tents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Present day marine radars are very high-powered systems
that transmit many kilowatts of peak power and have great
difficulty in dealing with exceptionally short ranges of a few
feet within the confines of river channels and locks, in addi-
tion to providing fine range resolution at ranges of many
nautical miles.

Navico provides a frequency modulated/continuous wave
(FM/CW) radar for commercial marine radar applications.
The actual waveform used by Navico is a single sawtooth
having a 10% or higher duty cycle. Their system also uses
separate transmit and receive antennas to provide isolation.
The Navico system is expensive because it uses two antennas
with transmitter electronics on the back of the transmit
antenna and receiver electronics on the back of the receive
antenna. Navico fails to generate an ultra-linear Frequency
Modulation with exceptionally low phase noise. Navico fails
to recognize that a sawtooth waveform will cause several
problems for the signal processing system. Navico also fails
to recognize that the antenna VSWR must be better than 1.2:1
across the operating frequency band and that there is a critical
need to provide a means to cancel the phase noise of the
transmitter in the receiver mixer by carefully designed circuit
timing delay.

SUMMARY OF THE INVENTION

The present invention provides a high resolution, low
power marine radar for use in applications that may include
the newly mandated barge/river radars that are to be used in
very confined spaces such as the canals of the US, France,
Germany, or The Netherlands.

An example radar system includes frequency-modulated/
continuous-wave (FM/CW) radar that uses very low trans-
mitter power (a fraction of a watt) and has an exceptionally
short sensing range of a few feet or even inches if needed, in
addition to operating ranges of tens of nautical miles. The
system provides the following features:

Very Low Phase Noise Transmitter;

Excellent Linear Frequency Modulation;

Direct Integration of a Single Antenna with the Transmitter

and Receiver:
Matched delay between antenna reflection and local
oscillator arrival;

Very Low Voltage Standing Wave Ratio (VSWR) Antenna;

Excellent Execution of RF Circuitry:

Very Low VSWR among circuits,

Very Low Transmitter to Receiver Coupling.

The frequency diversity of the FM/CW radar is also excep-
tionally valuable to improving probability of detection at sea.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred and alternative embodiments of the present
invention are described in detail below with reference to the
following drawings:
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FIG. 1 illustrates a perspective view of a radar system
formed in accordance with an embodiment of the present
invention;

FIG. 2 is ablock diagram of one embodiment of the present
invention;

FIG. 3 is a front view of antenna radome components
formed in accordance with one embodiment of the present
invention that places the transceiver at the input end of the
antenna,

FIG. 4 is an exploded end view of the antenna radome
components of FIG. 3;

FIG. 5 is a partial view of a circuit board included as one of
the transceiver components; and

FIG. 6 is a block diagram of transceiver components in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG.1is a perspective view of an exemplary single antenna
radar device 20. The radar device 20 includes a motor case
mounting base 30, an antenna radome 24, and a waveguide
rotary joint 26. The waveguide rotary joint 26 allows the
antenna radome 24 to rotate about the base 30.

In one embodiment, the rotary joint 26 provides data and
power connections between the base 30 and a single antenna
(not shown) within the antenna radome 24. In one embodi-
ment, data transfer includes one or more of capacitive, fiber
optic, or inductive transfer. The size and gearing on the rotary
joint 26 are selected to provide adequate wind- and shock-
loading protection. In the preferred embodiment, the rotary
joint 26 is a waveguide rotary joint that conducts the trans-
mitted signal to the antenna (located within the radome 24),
receives signals from the antenna and supplies the received
signal to the receiver as shown in FIG. 2.

The single antenna is used for both transmit and receive
modes. Exemplary methods that permit the use of a single
antenna are described in U.S. Pat. No. 7,239,266, which is
hereby incorporated by reference. The present invention out-
puts a true continuous triangle FM/CW waveform.

In one embodiment, power transfer to the antenna radome
24 is accomplished using induction coupling (i.e., trans-
former coupling across the rotary joint 26).

In one embodiment, as shown in FIG. 2, a system 20-1
includes a waveguide rotary joint 26-1, a single slotted
waveguide antenna 32, and a transmitter and receiver (trans-
ceiver) 34 that is located inside a motor case/mounting base
30-1. The transceiver 34 includes an FM/CW radar (not
shown). In one embodiment, the slotted waveguide antenna
32 is connected by a waveguide extension (not shown) to the
output of the waveguide rotary joint 26-1. The rotary joint
26-1 is designed for stable VSWR below 1.2:1 over all angles
of rotation.

The slots in the single slotted waveguide antenna 32 run
vertically on the narrow dimension of the antenna 32. The
slots may be arranged on the narrow side of the waveguide
antenna to provide Horizontal Polarization—all in the same
direction as shown in FIG. 3.

As shown in FIGS. 3-5, a transceiver, board power supply
and digital signal processing (DSP) (not shown) are mounted
on a circuit board 48 within a box 54 that holds the circuit
board 48. A slotted waveguide antenna 32-1 is directly mated
to the transceiver via a microstrip to waveguide transition 50
located on the circuit board 48. The slotted waveguide
antenna 32-1 and the box 54 are located within an antenna
radome 52. The microstrip to waveguide transition 50 pro-
vides waveguide transition and is built directly into the chas-
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sis/box 54 of the transceiver 48 and is a microstrip circuit.
FIG. 4 is an x-ray view through the end of the antenna radome
52 and the box 54.

In one embodiment, power and serial data traverse the
rotary joint. A transceiver antenna port and an input port of the
antenna are placed in direct contact with each other via the
microstrip to waveguide transition 50. The antenna has a
VSWR of 1.2:1 or better to minimize the amount of power
that is reflected from the antenna to the receiver input. This
reflected power level can destroy receiver sensitivity.

The transceiver is configured such that phase noise cancel-
lation will occur in the receiver mixer due to exceptionally
short distances from the antenna.

The transceiver has less than —120 dBm receiver sensitivity
and <10 KHz receiver bandwidth. Transmitter power is
approximately 0.1 watt continuous. Digitally synthesized lin-
ear frequency modulation is provided. Another characteristic
of the transceiver is a transmitter phase noise level that is
<-100 dBc/Hz @ 100 KHz offset.

The present invention provides Doppler and phase mea-
surements and advanced sea/rain clutter reduction algo-
rithms. The present invention also provides preprogrammed
electronic gain vs. range and manual gain control. The present
invention provides instantaneous electronic gain versus range
through the use of'a High Pass Filter placed in an Intermediate
Frequency (IF) Subsystem of the radar. The High Pass Filter
upper frequency limit is the maximum IF frequency expected
over range to targets for a given modulation rate. Highest IF
Frequency in Hz=((Linear FM Bandwidth in Hz)/(Modula-
tion Period in Seconds))x((2*Range in Meters)/(c speed of
light in meters/sec)). In the present invention that frequency is
typically 2 MHz. The present invention (FM/CW radar sys-
tem) produces an output in the frequency domain where the
range to a target is directly proportional to the IF frequency of
the target. Therefore it is possible to provide instantaneous
gain compensation for each target due to range variation
through the use a high pass filter with a gain versus IF Fre-
quency slope that matches the expected variation of the par-
ticular radar. For example FM/CW radars used for Weather
radar systems require a slope of 9 dB per octave, Altimeters
require 6 dB per octave, while airborne and marine radar
systems require a slope of 12 dB per octave in frequency.
Dynamic range due to the reflectivity of targets observed by
the radar is accommodated via an Analog to Digital converter
with 10-16 bit resolution.

FIG. 6 illustrates the transmitter, receiver and DSP com-
ponents 80 common to the embodiments described above.
The arrival of an antenna reflection is matched to the arrival
time of the local oscillator signal so as to provide phase noise
cancellation in the receiver mixer. It is critical to note that no
low noise amplifier may be placed between the circulator and
the receiver mixer as this will seriously degrade system per-
formance. The low noise amplifier will amplify phase noise,
transmitter to receiver leakage and power reflected from the
antenna before it reaches the mixer. Therefore a typical
microwave low noise amplifier may not be used in single
antenna FM/CW radars. A low noise microwave amplifier is
also not recommended for dual antenna FM/CW radars
because the amplifier will reduce the transmitter to receiver
isolation by an amount equal to the gain of the amplifier.

The present invention can include an antenna scaled to any
size.

While the preferred embodiment of the invention has been
illustrated and described, as noted above, many changes can
be made without departing from the spirit and scope of the
invention. Accordingly, the scope of the invention is not lim-
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4

ited by the disclosure of the preferred embodiment. Instead,
the invention should be determined entirely by reference to
the claims that follow.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A radar system comprising:

a single slotted waveguide antenna;

a circulator in signal communication with the antenna,

wherein the circulator comprises only three ports;

atransceiver in signal communication with the antenna, the

transceiver comprising:

a receiver mixer connected directly to an output of the
circulator;

a component configured to provide a local oscillator
signal using a sample of a transmitter signal; and

a component configured to match arrival time of the
local oscillator signal with a signal associated with at
least one of leakage or reflected power signals,
thereby performing phase noise cancellation in the
receiver mixer.

2. The system of claim 1, wherein phase noise of the
transceiver is less than ~100 dBc/Hz at an offset of 100 KHz.

3. The system of claim 2, wherein the transceiver performs
triangle wave modulation and continuous transmission and
reception.

4. The system of claim 3, wherein a voltage standing wave
ratio (VSWR) of the antenna is less than 1.2:1 across an
operating frequency band.

5. The system of claim 4, wherein the transceiver com-
prises an Intermediate Frequency (IF) subsystem, the IF sub-
system comprises an Active High Pass filter with gain con-
figured to instantly compensate for range variations to a
target.

6. The system of claim 4, wherein the IF subsystem further
comprises an Active Low Pass filter configured to attenuate
all signals outputted by the Active High Pass filter greater than
the highest expected IF frequency.

7. The system of claim 6, wherein the highest expected IF
frequency is the product of Linear Frequency Modulation rate
in Hz/sec times the ratio of twice the most distant desired
range to the speed of light.

8. The system of claim 4, further comprising:

a base configured to house the transceiver, a power supply

and a Digital Signal Processor (DSP);

an antenna radome configured to house the antenna; and

a waveguide rotary joint coupled between the transceiver

and the antenna, the waveguide rotary joint configured to
transmit microwave energy

9. The system of claim 8, wherein the base comprises a
circuit board, wherein the transceiver is located on the circuit
board, the circuit board comprising a microstrip to waveguide
transition component configured to transmit signals between
the transceiver and the Waveguide Rotary Joint.

10. The system of claim 8, wherein a VSWR of the
waveguide rotary joint is at or below 1.2:1.

11. The system of claim 4, further comprising:

a base configured to house a DSP;

a radome configured to house the antenna, the circulator

and the transceiver; and

apower and data rotary joint coupled between the base and

the radome, the power and data rotary joint configured to
provide data and power connections between the DSP
and the transceiver.

12. The system of claim 11, wherein the antenna radome
comprises a circuit board, wherein the transceiver and circu-
lator are located on the circuit board, the circuit board com-
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prising a microstrip to waveguide transition component con-
figured to transmit signals between the transceiver and the
antenna.

13. The system of claim 12, wherein one end of the antenna
is directly attached to the circuit board at the microstrip to
waveguide transition component.

14. The system of claim 11, wherein the power and data
rotary joint provides induction coupling.

15. The system of claim 11, wherein the power and data
rotary joint provides capacitive coupling.

16. The system of claim 11, wherein the power and data
rotary joint provides optical coupling.

17. A radar system comprising:

a single slotted waveguide antenna;

a circulator in signal communication with the antenna;

atransceiver in signal communication with the antenna, the

transceiver comprising:
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a receiver mixer connected directly to an output of the
circulator interface to the transmitter and antenna;

a component configured to provide a local oscillator
signal using a sample of a transmitter signal; and

a component configured to match arrival time of the
local oscillator signal with a signal associated with at
least one of leakage or reflected power signals,
thereby performing phase noise cancellation in the
receiver mixer,

wherein phase noise of the transceiver is less than —100
dBc¢/Hz at an offset of 100 KHz,

wherein the transceiver performs triangle wave modula-
tion and continuous transmission and reception,

wherein a voltage standing wave ratio (VSWR) of the
antenna is less than 1.2:1 across an operating fre-
quency band.



